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Abstract
The main therapeutic options for colorectal cancer are surgical resection and 
adjuvant chemotherapy in non-metastatic disease. However, the evaluation of the 
overall adjuvant chemotherapy benefit in patients with a high risk of recurrence is 
challenging. Radiological images can represent a source of data that can be 
analyzed by using automated computer-based techniques, working on numerical 
information coded within Digital Imaging and Communications in Medicine files: 
This image numerical analysis has been named “radiomics”. Radiomics allows the 
extraction of quantitative features from radiological images, mainly invisible to 
the naked eye, that can be further analyzed by artificial intelligence algorithms. 
Radiomics is expanding in oncology to either understand tumor biology or for the 
development of imaging biomarkers for diagnosis, staging, and prognosis, 
prediction of treatment response and diseases monitoring and surveillance. 
Several efforts have been made to develop radiomics signatures for colorectal 
cancer patient using computed tomography (CT) images with different aims: The 
preoperative prediction of lymph node metastasis, detecting BRAF and RAS gene 
mutations. Moreover, the use of delta-radiomics allows the analysis of variations 
of the radiomics parameters extracted from CT scans performed at different 
timepoints. Most published studies concerning radiomics and magnetic resonance 
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imaging (MRI) mainly focused on the response of advanced tumors that under-went neoadjuvant 
therapy. Nodes status is the main determinant of adjuvant chemotherapy. Therefore, several 
radiomics model based on MRI, especially on T2-weighted images and ADC maps, for the 
preoperative prediction of nodes metastasis in rectal cancer has been developed. Current studies 
mostly focused on the applications of radiomics in positron emission tomogra-phy/CT for the 
prediction of survival after curative surgical resection and assessment of response following 
neoadjuvant chemoradiotherapy. Since colorectal liver metastases develop in about 25% of 
patients with colorectal carcinoma, the main diagnostic tasks of radiomics should be the detection 
of synchronous and metachronous lesions. Radiomics could be an additional tool in clinical 
setting, especially in identifying patients with high-risk disease. Nevertheless, radiomics has 
numerous shortcomings that make daily use extremely difficult. Further studies are needed to 
assess performance of radiomics in stratifying patients with high-risk disease.

Key Words: Colorectal cancer; Radiomics; Artificial intelligence; Liver metastases; Magnetic resonance 
imaging; Computed tomography; Positron emission tomography/computed tomography

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

Core Tip: Stratifying colorectal cancer patients with high-risk disease and the evaluation of the overall 
chemotherapy benefit are a clinical challenge. Radiomics through radiological images analysis using 
automated computer-based techniques allows the extraction of quantitative features from radiological 
images, mainly invisible to the naked eye, that can be further analyzed by artificial intelligence algorithms. 
Several efforts have been made to develop radiomics signatures for colorectal cancer patient using 
computed tomography (CT), magnetic resonance imaging, and positron emission tomography/CT, in 
particular to understand tumor biology, to develop imaging biomarkers for diagnosis, staging, and 
prognosis, to predict treatment response and to monitor disease.

Citation: Inchingolo R, Maino C, Cannella R, Vernuccio F, Cortese F, Dezio M, Pisani AR, Giandola T, Gatti M, 
Giannini V, Ippolito D, Faletti R. Radiomics in colorectal cancer patients. World J Gastroenterol 2023; 29(19): 
2888-2904
URL: https://www.wjgnet.com/1007-9327/full/v29/i19/2888.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i19.2888

INTRODUCTION
Colorectal cancer is the fifth-most-common frequent in terms of incidence and mortality, with 1480000 
new cases in 2020 worldwide[1]. The TNM staging process itself is widely based on radiological 
definition of boundaries of primary lesion, nodal and distant metastases. The main therapeutic options 
for colorectal cancer are surgical resection and adjuvant chemotherapy in non-metastatic patients; 
however, the evaluation of the overall adjuvant chemotherapy benefit in patients with a high risk of 
recurrence is a clinical challenge[2]. The decision is based on the TNM staging system[3], which 
represents the most important parameter: Colorectal cancer patients at stage III are globally recognized 
as patients who can benefit from chemotherapy, while for those at stage II with other clinical risk 
factors, the advantages of chemotherapy are still debated[2,4]. In presence of clinical risk factors, the 
final strategy is often decided by the oncologist or multidisciplinary teams.

Nowadays radiological images can represent a source of data that can be analyzed by using advanced 
computer-based techniques, working on numerical information coded within the Digital Imaging and 
Communications in Medicine files[5]: This image numerical analysis has been named “radiomics”[6]. 
Radiomics might be used as a non-invasive imaging biomarker and be able to provide a quantitative 
evaluation of medical images, with the chance to shift imaging from a qualitative to a quantitative 
approach[7,8]. To date, the radiomics approach has been extensively investigated in cancer patients with 
a specific focus on tumor diagnosis, staging, prognosis prediction, and long-term monitoring[7,9,10]. In 
this context, radiomics could play a pivotal role in colorectal cancer workup with the expectancy to help 
clinicians in identifying patients with high-risk disease.

https://www.wjgnet.com/1007-9327/full/v29/i19/2888.htm
https://dx.doi.org/10.3748/wjg.v29.i19.2888
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RADIOMICS APPLIED TO CANCER-SUMMARY (PATHOLOGICAL CORRELATION,  
DIAGNOSIS, PROGNOSIS)
Since its advent in 2012[5], radiomics has been extensively applied in oncology studies and it has been 
demonstrated as a promising tool that can offer a risk-free and efficient method for diagnosis, classi-
fication, and prognosis prediction in oncology[11]. Radiomics, indeed, allows the extraction of 
quantitative features from radiological images, mainly invisible to the naked eye, that can be further 
analyzed by machine learning and artificial intelligence (AI) algorithms to produce signatures repres-
enting tumor phenotype.

The radiomics pipeline consists of different steps (Figure 1). First, multi-dimensional and multi-
institutional data should be collected including high-quality medical images, clinical, and, eventually, 
molecular data. Once acquired, images should be pre-processed to improve image quality, harmonize 
raw data, and ensure generalizability across imaging protocols and patient populations, especially if 
multicentre datasets are acquired. This pre-processing step usually involves image co-registration, 
image denoising, signal intensity standardization, and/or normalization. Once the image datasets have 
been pre-processed, tumors should be segmented to extract regions of interest (ROIs) on which 
subsequent steps will be focused on. This task can be performed either manually, semi- or fully 
automatically. A big effort in the research field is addressed to the development of AI-based systems to 
automatically segment lesions and overcomes the most common limitations of manual segmentation. 
Afterward, from the segmented ROIs a large number of parameters (features) are extracted, including: 
(1) First-order features, from gray-level intensity histograms and lesion shape; (2) second-order features, 
related to the spatial relationship between pixels, calculated using different matrices, e.g., gray-level co-
occurrence, gray-level run-length, gray-level dependence, gray-level size zone, neighboring gray tone 
difference; and (3) transform-based features, e.g., Wavelet, Gabor, Laws, Laplacian. However, since the 
number of extracted features could be much larger than the sample size of patients included in the 
algorithms’ development, it is vital to reduce the number of features through a step called features 
selection. This step will strongly reduce the risk of overfitting[12], which occurs when the algorithm 
overadapts its performances based on data in the training set and consequently loses its generalizability. 
Besides, features selection will ensue to exclude features that are non-reproducible, redundant, and/or 
non-relevant for the task, and to reduce the computational cost, while improving the performance of the 
model[13]. Once the most performing features are selected, the radiomics signature is finally developed 
by using algorithms for classification, such as logistic regression[14,15], k-nearest neighbour[16], naïve 
Bayes classifier[17], support vector machines (SVM)[18,19], random forest (RF)[20,21], neural network
[22,23] and deep learning[24,25]. In this step, is crucial to divide the image dataset into three subgroups: 
One for training, used to develop the algorithm, the second for testing, to fine-tune the model, and the 
last for validation, which aims to evaluate the performance on a different dataset. Training and testing 
could be performed also using a cross-validation approach, i.e., in which different portions of the 
dataset are iteratively used to train and test the model. Conversely, the validation should be performed 
using patients that were never seen during the development of the algorithms. The validation step can 
be internal, when applied in a similar clinical setting and population to the training set, or preferably 
external, when applied in multiple clinical settings with varying disease prevalence[12,26].

Thanks to the vast number of images routinely used by radiologists and oncologists in their daily 
workload, radiomics is substantial in oncology to understand tumor biology or develop imaging 
biomarkers useful for diagnosis, staging, prediction of treatment response, disease monitoring and 
surveillance[27].

Understanding tumor biology through radiomics can be feasible because it allows the extraction of 
quantitative information about spatial and temporal heterogeneity in a non-invasively way and using 
routinely acquired images. This information can be consequently correlated with tumors’ phenotype 
that can either reflects distinct traits (e.g., internal necrosis and proliferation at the periphery) or mirrors 
genomic and molecular traits or be a signature or different outcomes. Moreover, texture features used in 
radiomics have been also demonstrated useful in reflecting key oncogenomics processes such as tumor 
angiogenesis[28], hypoxia[29], tumor invasion[30] and tumor proliferation[31].

The second scope of radiomics in the oncology field is to enhance precision medicine through the 
implementation of diagnostics and prognostic imaging biomarkers in a variety of solid tumors. 
Biomarkers for detection and diagnosis are those in a more advanced status since there are many studies 
that demonstrated their usefulness in discriminating between healthy, benign and malignant cancer in 
different sites[23,32-34]. However, the most promising applications in which radiomics could truly 
improve clinical practice are related to the prediction of treatment response and disease monitoring. 
Indeed, knowing, before or during therapy, which patients would respond might help choosing the best 
management possible. Moreover, after treatment, radiomics biomarkers may suggest more intense post-
treatment surveillance due to a high risk of a tumor recurrence for a particular patient. In parallel to 
radiomics, it is worthwhile underling that a boost for the development of prognostic biomarkers for 
precision medicine could be provided by integrating radiomics features to additional layers of -omics 
information, i.e., pathomics (features derived from digital pathological samples), and genomics. The 
motivation for this multi-omics approach to disease understanding is that the conventional markers 
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Figure 1 Radiomics pipeline. ROI: Regions of interest.

discovery which molecularly dissect the disease part by part, if the sum of knowledge of parts will 
explain the operation of the whole, has mostly failed to understand the causes and cures for complex 
diseases. On the contrary, recent evidence suggests that patterns discovered from high dimensional, 
multi-modal data could improve estimation of disease aggressiveness and patient outcomes compared 
to single modality data.

COMPUTED TOMOGRAPHY
Tumor and nodes
Several efforts have been made to develop radiomics signatures for colorectal cancer patient using 
computed tomography (CT) images with different aims (Table 1). Li et al[35] developed and validated a 
clinical-radiomics nomogram for the preoperative prediction of nodes metastasis. They validated their 
algorithm on an internal dataset of 308 patients (136 with and 172 without lymph node metastases) and 
showed that the model which included clinical parameters, radiomics on both tumor and peripheral 
nodes was the one reaching the highest accuracy in predicting nodes metastases [area under the curve 
(AUC) = 0.7509; 95%CI: 0.6901-0.8071; accuracy: 73.70%; sensitivity: 60.29%; specificity: 84.30%; positive 
predictive value (PPV): 75.23%; and negative predictive value (NPV): 72.86% in the internal validation 
set]. If further validated, also on an external validation set, this model could be used as an individu-
alized preoperative non-invasive tool, assisting in clinical treatment decision making and achieving 
precision treatment.

From another point of view, radiomics has also been proven effective in detecting BRAF and RAS (
KRAS and NRAS) gene mutations, that are genomics signatures usually associated with shorter disease-
free and overall survival. These mutations are determined through genetic molecular profiling by 
sampling the tumor, however biopsy carries several drawbacks, including the risk of adverse events, 
such as bleeding, physical and psychological discomfort[36].

For these reasons, radiomics could potentially be used to non-invasively predict RAS and BRAF 
mutation status in patients with colorectal cancer and to further guide treatments with surgery or 
chemotherapy[16,37]. Shi et al[16] validated a combined score that tracks RAS (KRAS and NRAS) and 
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Table 1 Summary of the most important published papers regarding the usefulness of radiomics in colorectal cancer patients using 
computed tomography imaging

Ref. Imaging Main aim Patients (n) Main findings

Li et al[35], 
2020

CT Prediction of nodes 
metastases

766 Overall diagnostic values: Sensitivity = 60.3%; specificity = 84.3%; PPV = 
75.2%; NPV = 72.9%; AUC = 0.750

Shi et al[16], 
2020

CT Detect RAS and BRAF 
phenotypes

159 Combined score (semantic features and radiomics) AUC = 0.950; validation 
cohort AUC = 0.790

Giannini et al
[41], 2020

CT Predict response to 
treatment

38 (141 
lesions)

Per-lesion diagnostic values: Sensitivity = 89%; specificity = 85%; PPV = 78%; 
NPV = 93%

Dercle et al
[47], 2020

CT Tumor response to anti-
EGFR therapy

667 Sensitivity to therapy: AUCs 0.800 and 0.720 for FOLFIRI and FOLFIRI + 
cetuximab

Dohan et al
[48], 2020

CT Overall survival 491 SPECTRA score > 0.02 has a lower OS; SPECTRA Score at 2 mo has the same 
prognostic values as RECIST at 6 mo

Giannini et al
[41], 2020

CT Predict response to 
treatment

57 (242 
lesions)

Per-lesion diagnostic values: Sensitivity = 99%; specificity = 94%; PPV = 95%; 
NPV = 99%; the radiomic approach can predict R- wrongly classified by 
RECIST as R+

Taghavi et al
[103], 2021

CT Prediction of synchronous 
liver metastases

91 The radiomics model outperformed the clinical model: AUC = 0.93 vs 0.64

Rao et al[108], 
2014

CT Prediction of synchronous 
liver metastases

29 The mean entropy of the liver is significantly higher in metastatic patients (P = 
0.02); Liver entropy can help the differential between metastatic and non-
metastatic patients (AUC = 0.73-0.78)

Li et al[109], 
2022

CT Prediction of synchronous 
liver metastases

323 A combined clinical-radiomics model has a good AUC (= 0.79) in detecting 
liver metastases

Ng et al[111], 
2013

CT Prediction of overall 
survival

55 Entropy, uniformity, kurtosis, skewness, and standard deviation of the pixel 
distribution histogram can predict survival; each parameter can be considered 
an independent predictor of the overall survival state

Mühlberg et al
[112], 2021

CT Prediction of overall 
survival

103 Tumor burden score can discriminate patients with at least 1-year survival 
(AUC = 0.70); a machine-learning model better predict survival (AUC = 0.73)

Ravanelli et al
[116], 2019

CT Prediction of response and 
prognosis after 
chemotherapy

43 Uniformity is lower in responders (P < 0.001); uniformity is independently 
correlated with radiological response (OR = 20.00), overall survival (RR = 6.94) 
and progression-free survival (RR = 5.05)

PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area under the curve; OS: Overall survival; SPECTRA: Survival PrEdiction in 
patients treated by FOLFIRI and bevacizumab for mCRC using contrast-enhanced computed tomography TextuRe Analysis; CT: Computed tomography.

BRAF mutant phenotypes in colorectal cancer from multicentre CT image data AUC of 0.79 on the 
validation cohort.

Recently, efforts have been made to translate radiomics signatures from a patient level to a lesion 
level, since it has been demonstrated that heterogeneous response, caused by the onset of new resistant 
tumor clones in some lesions, is a predictor of poor overall survival[38-40]. Differentiating which 
colorectal liver metastases (CRLM) responds and which lingers and eventually will progress in the same 
patient could pave the way to truly personalized treatment. Giannini et al[41] preliminary demonstrated 
the feasibility of using radiomics features from baseline CT to predict response of treatment after 3 mo. 
They validated the signature on an independent cohort of patients obtaining encouraging results 
especially in identifying patients with outlier lesions, i.e., that do not respond in general condition were 
most lesions respond. In these cases, a target biopsy on non-responder lesions could have revealed a 
different genetic makeup or, in absence of extrahepatic lesions, suggested the local ablation of outlier 
metastases. More recently, another breakthrough has been made using the use of delta-radiomics, 
whose aim is to assess the treatment-induced change of radiomics features over time that could provide 
information about prognosis[42,43]. These variations can be measured in different ways, for example as 
the differences between features computed on the same tumour before and after treatment[44,45] or the 
net-change (i.e., difference of radiomics features after treatment over the value before treatment)[46]. 
Other than providing additional information about tumour behaviour, delta-radiomics represents a 
very interesting approach since it could theoretically allow to adapt and modulate the ongoing 
treatment approach thanks to the predictive power of this technique[42].

Delta-radiomics has been already proven effective in predicting overall survival in patients with 
metastatic colorectal cancer[47,48]. Dercle et al[47] developed and validated on a multicentre dataset a 
delta-radiomics associated with tumor sensitivity to anti-EGFR therapy in colorectal cancer patients 
(AUC = 0.80). Similarly, Dohan et al[48] validated a delta-radiomics signature able to predict overall 
survival and identify good responders better than RECIST1.1 criteria in patients with metastatic 
colorectal cancer treated by FOLFIRI and bevacizumab as a first-line treatment. From a per-lesion point 
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of view, Giannini et al[45] validated a delta-radiomics signature able to predict long-term response (i.e., 
more than 8 mo) of individual CRLM with an accuracy of 86% in the validation dataset. Of note, the 
delta-radiomics signature was able to reliably predict non-responder liver metastases wrongly classified 
as responder by lesion RECIST at the first time point. This per-lesion approach could strongly impact 
treatment, since according to the delta-radiomics signature it would be possible to pinpoint lesions with 
distinct biological and molecular features, thus enabling studies toward lesion-specific personalized 
treatment in liver-only metastatic colorectal cancer patients.

MAGNETIC RESONANCE IMAGING
Tumor evaluation
The application of radiomics and texture analysis by using magnetic resonance imaging (MRI) images 
has increased interest in recent years (Table 2), with a specific focus on liver pathology, renal carcinoma, 
prostate cancer, and, in slight minority of published studies, rectal cancer[49]. As mentioned above, the 
staging of rectal cancer is mainly based on MRI; however, radiological images analyzed by dedicated 
software can add important data useful for the best management of patients. In this setting, it is of 
utmost importance to underline the potentiality of radiomics as a non-invasive biomarker for predicting 
histopathological data, as demonstrated for different abdominal pathological conditions, related to the 
liver, pancreas, and colorectal[8]. Even if for many abdominal organs it can be difficult to obtain a useful 
histological sample, rectal cancer pathological data are easy to collect, considering that colonoscopy or 
sigmoidoscopy, depending on the location of the lesion, is the reference standard technique[50]. On 
these bases, most published studies when this search was performed mainly focused on the response of 
advanced tumors that underwent neoadjuvant therapy.

Recently, Chen et al[51], in a single-center prospective study, enrolled 137 patients who underwent 
neoadjuvant chemotherapy. The Authors demonstrated that the traditional clinical model reported an 
AUC of 67.6% and 70.1% in the training and validation cohort, respectively, quite similar to the selective 
clinical model (77.5% and 59.6%, respectively). On the other hand, when combining radiomics with 
clinical data the AUC raised to 94.9% and 84.4% in the training and validation cohort, respectively.

Similarly, Horvat et al[52], by enrolling 114 patients who underwent neoadjuvant chemotherapy, 
demonstrated that radiomics can help the radiologist determine the pathological complete response. 
The Authors found that combined clinical and radiomics models increased the agreement compared 
with radiologist interpretation and can help the less experienced radiologist in increasing diagnostic 
values, in particular specificity, PPV, and NPV.

Analogously, Dinapoli et al[53] analyzed the radiomics data of 221 patients from three different 
centers and demonstrated that this tool can help the prediction of pathological complete response before 
starting neoadjuvant chemotherapy. Moreover, the Authors performed an external validation, to test the 
obtained results, with good diagnostic values.

Even if few studies are published in the literature, to test the robustness of the radiomics approach in 
rectal cancer patients, Shahzadi et al[54], demonstrated that only one study can be used for external 
validation, underlying the overall lack of reproducibility and the need of further standardization before 
considered it a useful clinical tool. In this setting, future directions should be focused on multicentre 
studies with standardized MR protocols to validate and test the feasibility of the radiomics approach 
and its potential usefulness in current everyday clinical practice.

Node’s evaluation
Nodes metastases is the main metastatic site of colorectal cancer and an important cause of post-
operative recurrence and death[55]. Nodes status is a key factor in the TNM staging of colorectal cancer 
and the main determinant of adjuvant chemotherapy[56,57].

Preoperative knowledge of NS can provide valuable information for determining the need for 
adjuvant therapy and the adequacy of surgical resection, thus aiding in pre-treatment decision making
[58].

In clinical practice, CT is the most used preoperative imaging method to detect metastatic lesions and 
perform tumor staging in patients with colorectal cancer. However, the limitation of CT examination is 
that it cannot discriminate between benign and malignant nodes[59].

MRI has the highest contrast resolution for soft tissues, allowing the best depiction of neoplastic 
lesions, their anatomical relationships, the depth of the rectal wall involvement, extramural venous 
invasion, circumferential resection margins, and the assessment of the N stage. For these reasons, MRI 
examination is considered the reference standard for locoregional staging and restaging in RC according 
to the main international guidelines[60-62].

Advances in pattern recognition tools and the increase in data set sizes have facilitated the 
development of radiomics, which may potentially improve predictive accuracy in oncology[63].

Therefore, in the last decade, several papers have been published, with different imaging techniques, 
reporting the potential role of radiomics in diagnosis, characterization, and evaluation of the tumor 
response to treatments[64-67] and nodal assessment[68-70].
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Table 2 Summary of the most important published papers regarding the usefulness of radiomics in colorectal cancer patients using 
magnetic resonance imaging

Ref. Imaging Main aim Patients (n) Main findings

Horvat et al
[52], 2022

MRI Response to 
chemotherapy

114 Combined radiological-radiomics model increased agreement (κ = 0.82 vs κ = 
0.25)

Dinapoli et al
[53], 2018

MRI Pathological complete 
response

221 Significant covariates, skewness, and entropy can predict pathological complete 
response, with AUCs = 0.730 and 0.750 for internal and external cohorts

Shahzadi et al
[50], 2022

MRI Response to 
chemotherapy

190 Radiomics combined with the T stage better predict response

Liu et al[23], 
2021

MRI Prediction of nodes 
metastases

186 Clinical-radiomics model improves performance: AUC = 0.827

Chen et al[72], 
2022

MRI Tumor differentiation and 
nodes metastases

37 (487 nodes) Radiomics features of the primary tumor can predict tumor differentiation: AUC 
= 0.798

Liu et al[73], 
2017

MRI Tumor differentiation 68 Skewness and entropy are lower in pT1-2 in comparison with pT3-4 (P < 0.05)

Yang et al[74], 
2019

MRI Prediction of T and N 
stage

88 Skewness, kurtosis, and energy are higher in metastatic nodes in comparison 
with non-metastatic ones (P < 0.001)

Ma et al[75], 
2019

MRI Prediction of nodes 
metastases and N staging

152 SVM has higher diagnostic values for T and N stages (AUC = 0.862) in 
comparison with MLP and RF

Zhu et al[76], 
2019

MRI Prediction of nodes 
metastases

215 Radiomic model AUC = 0.818

Zhou et al[77], 
2020

MRI Prediction of nodes 
metastases

391 The combined model predicts nodes metastases: NPV = 93.7%, AUC = 0.818

Shu et al[34], 
2019

MRI Prediction of synchronous 
liver metastases

194 The Radiomics model combined clinical risk factors and LASSO features and 
showed a good predictive performance: AUC = 0.921

Liu et al[107], 
2020

MRI Prediction of synchronous 
liver metastases

127 A radiomic nomogram presents an accuracy of 81.6% in predicting liver 
metastases (AUC = 0.918)

Granata et al
[115], 2022

MRI Prediction of overall 
survival

90 Second-order features can predict infiltrative tumor growth, tumor budding, and 
mucinous type; a second-order feature can predict the risk of recurrence with an 
accuracy of 90%

Jalil et al[119], 
2017

MRI Prediction of prognosis 
after chemotherapy

56 MPP can predict overall survival (HR = 6.9) and disease-free survival (HR = 
3.36); texture analysis can predict relapse-free survival on pre- and post-
treatment analyses

AUC: Area under the curve; SVM: Support vector machine; MLP: Multilayer perceptron; RF: Random forest; NPV: Negative predictive value; HR: Hazard 
ratio; MPP: Mean positive pixel; MRI: Magnetic resonance imaging.

MRI can provide multiparameter images different from those obtained by CT, so it is of interest 
whether there exists an association between NS and multiregional radiomics features of multiparametric 
MR images in rectal cancer patients[71].

Liu et al[71] aimed to develop and validate a multiregional radiomics prediction model based on MRI 
and combine it with clinical-semantic data for the individualized preoperative prediction of lymph node 
metastasis in rectal cancer patients.

Similarly, the study of Chen et al[72] provides two non-invasive and quantitative methods, which 
respectively predict the tumor differentiation and regional nodes metastases for rectal cancer preoper-
atively. MRI images of both the primary tumor alongside the lymph nodes and specimens were 
performed with a node-to-node match and labeling. A prediction model was then successfully 
developed, which provided AUC values of 84.6% and 73.3% in the training and test cohort, respectively.

Liu et al[73] performed a histogram analysis on the ADC map of the whole tumor and reported that 
entropy was an independent predictor of nodal involvement. Recently, Yang et al[74] performed the 
same analysis on T2-weighted imaging of the whole tumor: They found that a lower skewness was an 
independent risk factor for lymph node metastases.

In a recent retrospective single-center study, radiomics features were extracted from preoperative 
high-resolution T2-weighted imaging of different histological RC and analyzed using different 
algorithms. The RF analysis showed a good diagnostic performance for the N-stage with an AUC of 
74.6%. The prediction model was able to differentiate N0 from N1-N2 patients with a sensitivity of 
79.0% and a specificity of 72.0%[75].

Zhu et al[76] compared the performance of two models based, respectively, on the radiomics 
signature of the primary tumor and of the lymph nodes, before and after chemoradiotherapy (CRT), for 
the prediction of nodal involvement in advanced rectal cancer. The authors concluded that the features 
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from the lymph node model perform better than the tumor features for the prediction of nodal 
involvement[76].

Similarly, Zhou et al[77] evaluated a multi-parametric MRI radiomics model for nodal assessment 
following CRT by combining the radiomic signature with an experienced radiologist’s visual evaluation: 
stratified analyses indicated that the combined model could predict lymph node metastasis with a NPV 
of 100 and 87.8% after treatment[77].

Even if current literature is focusing on the importance and applicability of radiomics in rectal cancer, 
no significant studies have been published in the field of colorectal cancer, mainly because MR is not 
still validated as imaging technique for local staging and restaging of this kind of tumor.

PET/CT
18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) is 
frequently employed in the staging and post-neoadjuvant assessment of patients with rectal cancer. 
PET/CT provides functional information of the primary tumor, nodes and distant metastases. In 
patients with colorectal cancer, the combination of texture parameters with the functional information 
obtained with PET/CT scan can further enhance the predictive power of PET/CT imaging[78]. Current 
studies mostly focused on the applications of radiomics in PET/CT for the prediction of survival after 
curative surgical resection and assessment of response following neoadjuvant chemoradiotherapy 
(Table 3).

For the prediction of prognosis in patients with colorectal cancer, Kang et al[79] showed that 
radiomics score from baseline PET scans was significantly associated with progression-free survival. 
Similarly, Lovinfosse et al[80] and Hotta et al[81] correlated the texture features in PET/CT with both 
progression-free survival and overall survival. Furthermore, a recent study provided a combined 
clinical-radiomics model with high predictive performance (C-index of 0.780) for recurrence-free 
survival in 196 patients with PET/CT[82].

Several studies explored the potential of radiomics for the prediction of response and survival after 
neoadjuvant chemoradiotherapy[83-89]. In an initial study of 27 patients with rectal cancer treated with 
neoadjuvant chemoradiotherapy, Bundschuh et al[83] calculated texture parameters (skewness and 
kurtosis) on PET/CT, which provided a good performance for late response prediction but no 
significant predictive capability for the assessment of early response. In a retrospective study performed 
by Bang et al[84], texture parameters extracted from PET images correlated with both tumor regression 
grading and disease-free survival in patients with rectal cancer undergoing neoadjuvant chemoradio-
therapy. Giannini et al[85] combined radiomics features from PET and MRI to predict pathological 
complete response following neoadjuvant chemoradiotherapy with high accuracy (AUC of 0.86) in 
patients with rectal cancer. Similarly, Schurink et al[86] combined pretreatment tumor features on PET/
CT and MRI to predict response to chemoradiotherapy in rectal cancer, with an AUC of 0.81. Shen et al
[87] developed a RF model to predict pathological complete response after neoadjuvant chemoradio-
therapy in 169 patients with rectal cancer, which demonstrated a sensitivity of 97.3% and a specificity of 
81.8% for the identifications of cancers with complete response. Nevertheless, a study by Karahan Şen et 
al[88] found no superiority of texture features compared to metabolic tumor volume in predicting 
response to neoadjuvant chemoradiotherapy in patients with locally advanced rectal cancer.

For the prediction of lymph node metastasis, a retrospective study published by He and colleagues
[90] analyzed the radiomics score and five machine-learning models to predict metastatic lymph nodes 
based on the radiomics features of 199 colorectal cancers, with an AUC of 0.747-0.581 in the test set. 
Additionally, the performance of PET/CT radiomics features for predicting perineural invasion has 
been explored in a recent retrospective study[91].

Finally, few other studies explored the correlation between radiomics signature extracted from PET/
CT and rectal cancer genotypes, such as microsatellite instability status[92], RAS mutational status[93,
94], TP53 and adenomatous polyposis coli mutations[94].

Despite the promising value of radiomics in PET/CT scans of rectal cancer, it should be noted that all 
current results are based on retrospective single-center studies with heterogeneity on the type of 
extracted features and analysis. Moreover, several current studies demonstrated insufficient quality 
according to the radiomics quality score assessment[95].

CRLM
CRLM develop in about 25% of patients with colorectal carcinoma, being more commonly synchronous 
(14%-17%) rather than metachronous (8%-15%)[96-99]. CT is most adopted to detect CRLM at 
preoperative staging due to its higher availability compared to MRI, while MRI is usually used in 
selected doubtful cases particularly in the challenging scenario of the “too small to characterize” hypoat-
tenuating lesion. In addition, chemotherapy regimens may cause focal or diffuse hepatic changes at 
imaging that can profoundly alter visualization of hepatic metastases on CT, reducing its diagnostic 
accuracy and MRI proves to be helpful as problem-solving tool in some cases[100]. Therefore, the 
overall sensitivity, specificity and accuracy for the diagnosis of CRLM are lower for CT compared to 
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Table 3 Summary of the most important published papers regarding the usefulness of radiomics in colorectal cancer patients using 
positron emission tomography/computed tomography imaging

Ref. Imaging Main aim Patients (n) Main findings

Lovinfosse et al
[80], 2018

PET/CT Progression-free and 
overall survival

86 SUVmean, dissimilarity, and contrast from the neighborhood intensity-
difference matrix are independently associated with overall survival

Hotta et al[81], 
2021

PET/CT Progression-free and 
overall survival

94 MTV, TLG, and GLCM entropy are associated with overall survival; 
SUVmax, MTV, TLG, and GLCM entropy are associated with progression-
free survival

Bundschuh et al
[83], 2014

PET/CT Response after 
neoadjuvant 
chemotherapy

27 COV can assess histopathologic response during (sensitivity 68%, 
specificity 88%) and after (sensitivity 79%, specificity 88%) therapy

Bang et al[84], 
2016

PET/CT Response after 
neoadjuvant 
chemotherapy

74 MV is associated with 3-yr disease-free survival; Kurtosis and kurtosis 
gradient are associated with 3-yr disease-free survival

Giannini et al
[85], 2019

PET/CT Response after 
neoadjuvant 
chemotherapy

52 Second-order texture features (five from PET and one from MRI) can help 
distinguish responder and non-responder patients: Sensitivity = 86%; 
specificity = 83%; AUC = 0.860 

Yuan et al[89], 
2021

PET/CT Response after 
neoadjuvant 
chemotherapy

66 A radiomics model can predict TRG 0 vs TRG 1-3: Sensitivity = 77.8%, 
specificity = 89.7%, AUC = 0.858

Schurink et al
[86], 2021

PET/CT Response after 
neoadjuvant 
chemotherapy

61 Combined baseline and global tumor features better predict response 
compared to baseline and local texture (AUC = 0.83 vs 0.79)

Shen et al[87], 
2020

PET/CT Predict pathological 
complete response

169 RF can predict complete response: Sensitivity = 81.8%; specificity = 97.3%; 
PPV = 81.8%; NPV = 97.3%; accuracy = 95.3%

He et al[90], 2021 PET/CT Prediction of nodes 
metastases

199 Logist regression and XGBoost can accurately predict nodes metastases 
with AUC = 0.866 and 0.903, respectively

Ma et al[91], 2022 PET/CT Prediction of perineural 
invasion and outcome 

131 12 radiomics signatures are associated with peri-neural invasion; a radiomic 
score can differentiate between perineural positive and negative lesions: 
AUC = 0.900

Li et al[92], 2021 PET/CT Prediction of 
microsatellite instability

173 2 radiomics features can predict microsatellite instability: Sensitivity = 
83.3%; specificity = 76.3%; accuracy = 76.8%

Lovinfosse et al
[93], 2016

PET/CT Prediction of RAS status 151 SUVmax, SUV mean, skewness, SUV standard deviation, and SUV 
coefficient of variation are associated with RAF mutation (all P < 0.001)

Chen et al[94], 
2019

PET/CT Prediction of genetic 
mutations

74 MTV and SUV max are increased in mutated KRAS tumors (all P < 0.001); 
short-run low gray-level emphasis is associated with p53 mutations (P = 
0.001); gray-level zone emphasis is associated with APC mutations (P = 
0.006)

PET/CT: Positron emission tomography/computed tomography; PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area under the 
curve; RF: Random forest; MTV: Metabolic tumor volume; TLG: Total lesion glycolysis; GLCM: Gray-level co-occurrence matrix; COV: Coefficient of 
variation; MV: Metabolic volume; OR: Odd ratio; MPP: Mean positive pixel.

MRI[100-102]. For this reason, at some center, abbreviated gadoxetate disodium MRI protocols are 
adopted rather than trusting CT only[103,104].

The adoption of radiomics has been proven successful in diagnostic, prognostic, and therapeutic 
stages[78].

Diagnosis and risk assessment
In term of diagnosis of synchronous classical logistic regression models (CLRM), it is relevant to 
highlight that even with MRI the sensitivity may be lower than 80%, particularly in patients with 
mucinous adenocarcinoma as primary tumor, prior local treatment in the liver or metastases smaller 
than 1 cm[102]. Therefore, the first main diagnostic task of radiomics should be the identification of 
CRLM before they can be seen by radiologist’s naked eye (i.e., detection of synchronous metastases). In a 
pilot study, Devoto et al[105] proved that radiomics can potentially predict the development of liver 
metastases on baseline liver CT, by demonstrating a higher heterogeneity of liver texture analysis in 
patients who developed liver metastases compared to patients who did not develop them. Other 
authors[34,106] investigated whether radiomics applied to T2-weighted images of the primary tumor on 
MRI could help in the preoperative prediction of CRLM: Shu et al[34] used a region of interest while Liu 
et al[107] used a volume of interest and both demonstrated that a radiomics nomogram constructed by 
combining radiomics and clinical data achieve AUC higher than 90% in the preoperative prediction of 
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CRLM.
The second main diagnostic task of radiomics should be preoperative identification of patients at risk 

of developing CLRM (i.e., detection of metachronous metastases) based on micro-environmental 
changes in the apparently normal liver. Taghavi et al[106] and Rao et al[108] designed a prediction 
model based on liver CT radiomics for the detection of metachronous CRL, with the first study 
including more patients imaged at three centers and combining radiomics and clinical data achieving 
AUC of up to 86% in the validation cohort. Other studies tried to achieve the same goal by assessing the 
primary tumor on CT[109] or MRI[110]. Specifically, Li et al[109] obtained an AUC of 0.72 for the 
prediction of metachronous CLRM by combining clinical data and volumetric radiomics of the primary 
tumor on CT. In regard of MRI, a systematic review including 1497 patients estimated a pooled 
sensitivity and specificity of radiomics applied to rectal MRI of 0.76 and 0.85 respectively in predicting 
metachronous CLRM, and AUC of the included studies ranging from 0.83 to 0.87[110].

Prognosis
In terms of prognostic information, radiomics of CRLM has emerged as a promising tool to preoper-
atively predict patient survival at diagnosis and after therapy. Ng et al[111] suggested that tumors 
demonstrating less texture tumor heterogeneity using radiomic CT analysis may predict poorer survival 
at diagnosis[111]. Mühlberg et al[112] showed that CT-based geometric distribution and radiomics 
analysis of whole liver tumor burden from preoperative CT may help for prediction of 1-year survival. 
Radiomics of CRLM on CT seems also promising for differentiating desmoplastic from replacement 
histopathological growth patterns[113], and this differentiation may provide an earlier estimate of 
disease aggressiveness and prognosis as the desmoplastic histopathological growth pattern usually has 
longer overall survival[114]. As demonstrated by Granata et al[115] contrast MR-based radiomics and 
machine learning analysis may help in the preoperative prediction of the front of tumor growth 
(expansive or infiltrative), the tumor budding (absent, low grade or high grade) and tumor recurrence 
after surgery, all of which may affect patient outcome. Studies looking at survival after chemotherapy in 
patients with CRLMs obtained similar results regarding the role of texture homogeneity/heterogeneity 
in the prediction of prognosis[116,117]. As an example, Ravanelli et al[116] demonstrated that lower 
uniformity of CRLM on CT texture analysis was independently correlated with overall survival and 
progression free survival in patients treated with bevacizumab, but not in those treated with standard 
chemotherapy. Other radiomic features such as entropy, kurtosis, and skewness have been investigated 
so far on CT and MRI, all providing an additional piece of the puzzle and supporting the concept that 
the addition of texture analysis in the pre-treatment assessment may provide information on prognosis 
in patients with primary colorectal cancer and CLRM[118,119].

Treatment response
Finally, the correct assessment of response in the treatment of CLRM and the prompt prediction of early 
response is of utmost important in defining the success or failure of treatment interventions and in the 
selection of those patients requiring a change of the therapeutic regimen. Chemotherapy for CLRM in 
the modern era of oxaliplatin- and irinotecan-containing regimens (e.g., FOLFOX, FOLFIRI, CAPOX/
FOLFOXIRI, XELOX) has been implemented with the introduction of targeted biologics and immuno-
therapeutic agents (e.g., bevacizumab, cetuximab, panitumumab, pembrolizumab), thus expanding the 
proportion of patients eligible for curative-intent surgery, but their use may lead to side effects or 
complications[120]. Prediction of tumor response before starting chemotherapy would allow to choose 
the best treatment, avoiding unnecessary adverse effects of the therapy. Radiomics of CLRM has been 
proven promising for predicting response to different chemotherapy regimens, but the predictive value 
of radiomics features seems to be treatment dependent[95]. As shown by two systematic reviews[95,
121], most studies performed radiomics on CT rather than MRI. In patients treated with FOLFOX or 
FOLFIRI, low skewness and narrower standard deviation-both suggesting increased tumor homoge-
neity-were associated with a high response rate to chemotherapy[122]. Giannini et al[41] developed a 
radiomics signature to predict behaviour of individual CLRMs to targeted treatment in patients with 
HER2 amplification undergoing dual target therapy; in their model, the two most important radiomics 
features were difference in variance and homogeneity, thus again highlighting the role of texture 
analysis homogeneity of CLRM for assessing lesion diagnosis and outcome. Other studies investigated 
the role of radiomics in assessing tumor response after other targeted biologics and immunotherapeutic 
agents, such as regorafenib[117], and bevacizumab[116,48].

CONCLUSION
Nowadays much evidence has revealed that not all clinical risk features are equal, not all affect overall 
survival, and the decision to treat colorectal cancer with adjuvant chemotherapy should be assessed in 
multidisciplinary approach[123]. In this scenario, radiomics could play a pivotal role in colorectal cancer 
workup as an additional tool in clinical setting with the expectancy to help clinicians in identifying 
patients with high-risk disease. In particular, the main fields examined were the preoperative assess-
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ment of the differentiation between low- and high-grade colorectal cancer, and the prediction of nodal 
metastases[124-131]. The results achieved good and consistent efficiency in identifying high-risk clinical 
factors, reinforcing the idea that radiomics could play a central role in colorectal cancer patient workup. 
Nevertheless, radiomics has numerous shortcomings that make daily use extremely difficult. Among 
these, the lack of standardization and validation, poor reproducibility, and missing prospective 
multicentric studies represent the main drawbacks that must be overcome to introduce the radiomics 
approach to the clinical routine[7]. Further studies are needed to assess the performance of radiomics in 
stratifying patients with high-risk disease in patients with non-metastatic colorectal cancer who could 
benefit from adjuvant chemotherapy.
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Abstract
Liver cirrhosis is commonly associated with nutritional alterations, reported in 
20% of patients with compensated disease and over 60% of patients with 
decompensated cirrhosis. Nutritional disturbances are associated with a worse 
prognosis and increased risk of complication. Serum levels of branched-chain 
amino acids (BCAAs) are decreased in patients with liver cirrhosis. The imbalance 
of amino acids levels has been suggested to be associated with the development of 
complications, such as hepatic encephalopathy and sarcopenia, and to affect the 
clinical presentation and prognosis of these patients. Several studies investigated 
the efficacy of BCAAs supplementation as a therapeutic option in liver cirrhosis, 
but uncertainties remain about the real efficacy, the best route of administration, 
and dosage.

Key Words: Branched-chain amino acids; Hepatic encephalopathy; Sarcopenia; Liver 
cirrhosis
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Core Tip: Nutritional perturbance is frequent in liver cirrhosis and has been correlated 
with the development of complications such as hepatic encephalopathy and sarcopenia. 
Branched-chain amino acids (BCAAs) have been implicated in the pathophysiology of 
these two complications and supplementation has been proposed as a therapeutic 
measure. In this review, we will examine the scientific evidence supporting the clinical 
use of BCAAs in cirrhotic subjects.
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INTRODUCTION
Liver cirrhosis is commonly associated with nutritional alterations, being reported in 20% of patients 
with compensated disease and over 60% of patients with decompensated cirrhosis[1]. In cirrhotic 
subjects, nutritional disturbances are associated with a worse prognosis and increased risk of complic-
ations such as hepatic encephalopathy (HE) and sarcopenia. On the other hand, serum levels of 
branched-chain amino acids (BCAAs) are decreased in patients with liver cirrhosis, and this has been 
associated with the development of complications[2]. Several studies investigated the efficacy of BCAAs 
supplementation in liver cirrhosis for the treatment and prevention of both HE and sarcopenia. The aim 
of this review is to analyze scientific evidence supporting the administration of BCAAs in patients with 
liver cirrhosis affected by HE and sarcopenia (Table 1).

HE
HE is one of the main complications of advanced cirrhosis. It consists of a wide spectrum of non-specific 
neurological or psychiatric abnormalities, ranging from subclinical alterations to coma, caused by liver 
failure and/or porto-systemic shunting. According to the West Haven classification HE is classified, as 
covert HE (CHE), including minimal HE (MHE) and grade 1 HE, and overt HE (OHE), including grade 
2, grade 3, and grade 4 HE of the West Haven classification[3]. The prevalence of OHE in liver cirrhosis 
is 30%-40% at any time during the clinical course of the disease[4] while MHE or CHE occurs in 20%-
80% of patients with cirrhosis[5]. HE is associated with a poor prognosis, and high socioeconomic costs 
and also carries a psychological burden on patients and families[6]. According to the American 
Association for the Study of Liver Diseases and the European Association for the Study of the Liver 
(EASL) Clinical Practice Guidelines, episodes of OHE should be actively treated[3]. The therapeutic 
approach encompasses the active treatment of precipitant factors (e.g., infections, variceal bleeding), 
administration of non-absorbable disaccharides, such as lactulose, and non-absorbable antibiotics, such 
as rifaximin[7]. Secondary prophylaxis with oral rifaximin is recommended after an episode of OHE. In 
case of recurrent and intractable OHE associated with advanced liver disease, the patients should be 
evaluated for liver transplantation[3]. Other treatments such as metronidazole, neomycin, or 
intravenous administration of L-ornithine L-aspartate, have been proposed for the treatment of HE, but 
the evidence supporting their use is still limited or under debate[8]. According to EASL guidelines, 
despite their limited efficacy, the use of these medications is advocated as an additional treatment for 
patients -non-responsive to conventional therapies[3].

BCAAS AND HE
In recent years, growing interest in the role of BCAAs in liver cirrhosis has been observed in the 
scientific literature. A common feature in patients with liver cirrhosis is decreased BCAA plasmatic 
levels associated with the increase of aromatic amino acids (AAA), namely tyrosine and phenylalanine, 
thus leading to a low BCAA/AAA ratio, the so-called “Fisher ratio”[9]. This ratio is negatively 
correlated with the Child-Turcotte-Pugh score (CTP) and the severity of liver disease[10]. A low Fisher 
ratio is also associated with the development of HE and an excellent correlation has been found between 
this ratio and the grade of HE[11]. The role of BCAAs in the development of HE was first advocated in 
the “false neurotransmitters” hypothesis in the 80s[12]. Both AAA and BCAAs compete for the same 
transporter across blood-brain barrier. According to this hypothesis, the increased concentration of 
AAA in liver cirrhosis leads to an increased availability of aromatic neurotransmitters precursors, which 
cause a “false” dopaminergic transmission and inhibition of dopamine synthesis, resulting in neuro-
depression[13]. Other studies focused on the key role of increased ammonia levels in the development 
of HE, underling its neurotoxic role[14]. Despite this evidence, mechanisms involved in the 
pathogenesis of HE remain poorly understood.

The increase in blood ammonia is a consequence of impaired liver function and portosystemic shunts. 
Skeletal muscle is a key site of extrahepatic ammonia detoxification by the absorption of plasma 
ammonia and the conversion of α-ketoglutarate to glutamate, and then of glutamate to glutamine 
through glutamate dehydrogenase and glutamine synthetase enzymes, which remove two moles of 
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Table 1 Selected published studies on beneficial effects of branched chain amino acids in liver cirrhosis

Ref. Study 
design Participants Intervention Route Treatment 

duration
Associated 
treatments Outcomes Results

Horst 
et al
[16], 
1984

Multicentric 
RCT

37 cirrhotic 
patients with 
OHE

BCAAs (20 g/d increased to 80 
g/d) vs isonitrogenous diet 
(placebo)

Oral 4 wk No Mortality and 
hepatic enceph-
alopathy assessed 
after 4 wk

HE recurrence 
(decreased). No 
differences in 
nitrogen balance

Muto 
et al
[17], 
2005

Multicentric 
RCT

646 patients with 
decompensated 
cirrhosis

BCAAs (12 g/d) vs standard 
diet (1.0-1.4 protein kg/d

Oral 2 yr No Mortality, 
development of 
liver cancer, 
rupture of 
esophageal 
varices, or 
progress of hepatic 
failure (event-free 
survival)

EFS (increased), 
health-related 
quality of life, 
mortality 
(decreased). No 
differences in 
improvement of 
HE

Les et 
al[18], 
2011

Double-blind 
multicentric 
RCT

40 cirrhotic 
patients with 
previous 
episodes of 
minimal hepatic 
encephalopathy

BCAAs (30 g/d) vs isocaloric 
placebo (maltodextrin)

Oral 56 wk No Mortality and 
hepatic enceph-
alopathy assessed 
after 56 wk

Improvement in 
MHE symptoms 
and muscle 
mass. No 
reduction of HE 
recurrence

Gluud 
et al
[19], 
2017

Meta-analysis 
of RCT

11 RCT; 14 RCT BCAAs vs diets, antibiotics 
(neomycin) and non-
absorbable disaccharides

Oral 
and IV

Variable No Effect on HE 
manifestations and 
prevention of HE 
episodes

Oral BCAAs 
improve HE 
manifestations 
and prevention 
of HE episodes. 
No effects for IV 
BCAA

Gluud 
et al
[20], 
2013

Systematic 
review with 
meta-analysis

8 RCT: 382 
cirrhotic patients 
with recurrent 
MHE or OHE

BCAAs (0.25 g/kg body 
weight/day) vs no 
intervention/placebo/control 
supplements

Oral Variable No Effect on HE 
manifestations, 
mortality, 
nutritionalstatus, 
and adverse events 
in patients with 
recurrent HE

Improvement in 
the recurrent 
HE 
manifestation 
(more evident in 
OHE than 
MHE). No 
differences in 
survival

Gluud 
et al
[19], 
2017

Cochrane 
systematic 
review 

16 RCT: 827 
cirrhotic patients 
with OHE or 
MHE

BCAAs vs placebo/no 
intervention/other (diet, 
lactulose, neomycicn)

Oral 
and IV

Variable No Beneficial or 
harmful effects of 
BCAA versus any 
control 
intervention in HE

Oral BCAAs 
improve HE 
manifestation 
(no effect vs 
lactulose or 
neomycicn). No 
effect on 
mortality

Park 
et al
[21], 
2017

Multicentric 
retrospective 
cohort study

307 cirrhotic 
patients with 
CTP 8-10

BCAAs (4.15 g/d or 8.3 g/d or 
12.45 g/d) vs normal diet

Oral 24 wk No Changes in MELD 
score, CP score, 
incidence of 
cirrhosis-related 
complications and 
event-free survival 
over 2 yr

Improvement in 
MELD score, 
serum bilirubin 
and CTP score 
in 12.45/d 
BCAAs. No 
differences in 
HE 
manifestation

Tajiri 
et al
[23], 
2018

Retrospective 
observational 
study

53 cirrhotic 
patients with 
OHE

IV BCAAs and conventional 
therapies vs IV BCAAs and 
conventional therapies + IV L-
carnitine

IV Median 5 d 
(range 2-20 
d)

L-carnitine 
conventional 
therapies (non-
absorbable 
disaccharides 
and non-
absorbable 
antibiotics)

Effect on HE 
manifestation, 
recurrence-free-
survival and 
overall-survival

L-carnitine + 
BCAAS 
improve HE 
manifestation 
and reduce HE 
recurrence

BCAAs: Branched chain amino acids; RCT: Randomized control trial; OHE: Overt hepatic encephalopathy; HE: Hepatic encephalopathy; EFS: Early feeding 
skill; MELD: Model for end stage liver disease; CP: Child-pugh score; CTP: Child-Turcotte-Pugh score.

ammonia for each α-ketoglutarate molecule. Muscle uptake of plasma BCAAs increases with ammonia 
concentration in patients with liver cirrhosis, suggesting that BCAAs play an important role in ammonia 
detoxification in muscle and can contribute to preventing HE[13] (Figure 1).
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Figure 1 Gut derived ammonia and other aromatic compounds pass into the systemic circulation due to reduced liver function and the 
presence of porto-systemic shunts. A low plasma branched chain amino acids (BCAA)/aromatic amino acids (AAA) ratio has been observed in liver cirrhosis. 
BCAA and AAA compete for the same transporter at blood-brain barrier. The increased availability of AAA causes an increase in aromatic neurotransmitter 
precursors resulting in a false dopaminergic transmission and a reduction in dopamine synthesis. At brain level, ammonia causes astrocyte metabolism changes 
including reactive oxygen species increase, altered glucose and protein metabolism and astrocyte swelling, resulting in altered neurotransmission. Muscle is a key 
site of ammonia detoxification by means of the sequential action of glutamate dehydrogenase and glutamine synthetase. Ammonia increases myostatin expression, 
thus resulting in reduced protein synthesis and inhibition of myogenesis. The administration of BCAAs can increase muscle ammonia uptake from blood and can 
interfere with amino acids pass throughout the blood brain barrier with beneficial effects on both hepatic encephalopathy and sarcopenia. BCAAs: Branched chain 
amino acids; AAA: Aromatic amino acids; NH4+: Ammonia; ROS: Reactive oxygen species; GDH: Glutamate dehydrogenase; GS: Glutamine synthetase.

EVIDENCE SUPPORTING THE THERAPEUTIC USE OF BCAAS IN HEPATIC 
ENCEPHALOPATHY
A possible therapeutic role of BCAAs supplementation in HE was first evaluated in animal models. In 
dogs with portocaval shunt, which developed HE, neurological manifestations induced by the 
simultaneous infusion of 1% tryptophan and 1% phenylalanine were prevented by the concomitant 
infusion of BCAAs (0.63% leucine + 0.4% isoleucine + 0.46% valine)[15]. Subsequently, several clinical 
studies evaluated the role of BCAAs in the treatment and prevention of HE in cirrhotic subjects. In the 
early 80s, a randomized study evaluated the effect of BCAAs in protein-intolerant cirrhotic. Enrolled 
subjects were fed with increasing amounts of either dietary protein or a BCAAs solution until they 
attained an intake of 80 g protein per day or until they developed stage 2 encephalopathy. Oral BCAAs 
supplements induced a positive nitrogen balance as an equivalent amount of dietary protein but 
decreased the risk of HE recurrence[16]. In 2005, a multicenter randomized controlled trial evaluated 
oral BCAAs (12 g/d for 2 years) compared with diet therapy with defined daily food intake (1.0-1.4 g 
protein kg/day) in patients with decompensated cirrhosis. The group who received BCCA showed an 
improvement in event-free survival and consequently, a reduction in mortality, but no statistically 
significant differences were found in HE[17]. Another randomized, double-blind, multicenter study 
evaluated subjects with cirrhosis with a previous episode of HE. The two groups of patients received a 
standard diet and a supplement of 30 g of BCAAs or maltodextrin over 56 wk. BCAAs supplementation 
was not associated with a reduction in HE recurrence but an improvement in MHE and muscle mass 
recovery were found in the BCAA-treated group[18]. A meta-analysis of randomized trials, performed 
by Gluud et al[19], confirmed that oral BCAAs administration has a beneficial effect on the clinical 
manifestation of HE, but no similar results were found for intravenous administration. Based on this 
evidence, the authors suggested using nonabsorbable disaccharides as the first-line treatment for HE, 
with a more beneficial effect through the addition of nonabsorbable antibiotics, while oral BCAAs may 
be considered as a second-line treatment. Another systematic review with meta-analysis evaluated the 
effects of oral BCAAs compared with placebo or control supplements in patients with HE. The adminis-
tration of oral BCAAs was found to be associated with an improvement in HE recurrence {87 of 172 
patients in the BCAAs group vs 56 of 210 in controls, risk ratio (RR) = 1.71 [95% confidence interval (CI): 
1.17-2.51]}. The effect of oral BCAAs was higher in patients with OHE rather than in patients with MHE, 
but no difference in survival was found. These results strengthen the recommendation of oral BCAAs in 
patients who developed HE during enteral nutrition and in the case of recurrent HE. Most of the 
analyzed studies used the same dose of oral BCAAs (0.25 g/kg body weight/die) and no adverse events 
(including nausea and diarrhea) were reported[20]. A Cochrane systematic review, updated in 2017, 
evaluated the beneficial and harmful effects of BCAAs vs any control intervention for people with HE. 
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The study analyzed 16 randomized clinical trials, including 827 patients with OHE (12 trials) or MHE (4 
trials). Control groups received placebo/no intervention in 2 trials, diets in 10 trials, lactulose in 2 trials, 
or neomycin in 2 trials. BCAAs were administrated orally in 8 trials and intravenous in 7 trials. No 
differences in mortality were found between BCAAs groups and control groups (RR = 0.88, 95%CI: 0.69-
1.11). Reduced mortality was noted only when excluding trials in which control groups were treated 
with lactulose or neomycin (RR = 0.76, 95%CI: 0.63-0.92). The analysis also showed that BCAAs supple-
mentation was associated with a beneficial effect on HE compared with controls (RR = 0.73, 95%CI: 0.61-
0.88). Subgroup analyses showed that oral BCAAs but not intravenous BCAAs had a beneficial effect on 
overt encephalopathy. These differences were not found for MHE[21]. This systematic review supported 
the use of oral BCAAs in clinical practice but did not provide enough evidence to evaluate the benefit of 
BCAAs compared with other interventions. The most adequate dosage and duration of BCAAs supple-
mentation is also a debated issue, since homeostasis of BCAAs in the body is extremely rapid, and 
circulating values quickly return to baseline after administration. A multicenter retrospective cohort 
study evaluated the effects of long-term BCAAs supplementation (at least 6 mo) compared with diet in 
patients with advanced liver disease (CTP 8-10) compared with no BCAAs enriched diet. Patients in the 
BCAAs group were divided into 3 subgroups according to the dose administrated: 4.15 g, 8.3 g, or 12.45 
g/d. Statistical analysis revealed differences in the model for end-stage liver disease (MELD) score, 
serum albumin levels, and CTP score between the BCAAs group and control group at the baseline. 
Patients enrolled in the BCAAs group showed lower albumin levels and higher CTP scores, MELD 
scores, and HE grades (mostly grades 1-2). This was probably related to the propensity of physicians to 
prescribe BCAAs to patients with a worsened deterioration of hepatic function. Sub-group analysis 
showed a significant improvement in MELD score, serum bilirubin levels, and CTP score in patients 
who received the highest dose of BCAAs (12.45 g daily), whereas no significant differences were found 
in albumin levels. Conversely, only improvement in the serum bilirubin levels was observed in patients 
who received the lowest dose of BCAAs (4.15 g). This evidence provides a relationship between BCAAs 
dosage and its beneficial effect on prognostic scores in liver cirrhosis, suggesting high-dose BCAAs 
supplementation to achieve benefits. The study did not find significant differences in HE manifestations 
between the two groups. This was probably related to the shorter duration of BCAAs supplementation 
than in previous studies (about 30% of patients discontinued BCAAs within one year)[22].

A possible synergic role of L-carnitine and BCAAs on HE has been postulated. L-carnitine is a 
vitamin-like bio-factor that has been shown to induce ureagenesis, and improve energy metabolism 
leading to a reduction in blood and ammonia levels, thus protecting human astrocytes from ammonia-
induced acute cytotoxicity[23]. A study on cirrhotic patients affected by OHE treated with intravenous 
BCAAs supplementation and conventional therapy (lactulose and non-absorbable antibiotics, showed 
that the addition of L-carnitine provided an improvement in blood ammonia concentration and 
Glasgow Coma Scale) with an improvement in HE recurrence. Despite the preliminary nature of the 
study, these results suggest a possible synergic role between L-carnitine and BCAAs in HE treatment
[24].

SARCOPENIA IN LIVER CIRRHOSIS
Patients with chronic liver disease are at risk of malnutrition and sarcopenia[2]. The first definition of 
sarcopenia was proposed by Rosenberg[25], deriving from the Greek words “sarx” (muscle) and 
“penia” (reduction), to point out the decline in muscle mass and strength that occurs with healthy aging. 
The European Working Group on Sarcopenia in Older People in 2019 defined sarcopenia as a 
progressive and generalized skeletal muscle disorder that consists of decreased muscle quality or 
quantity and decreased physical function or muscle strength. Sarcopenia is distinguished as primary, or 
age-related in the absence of other evident specific cause, and secondary when the causal factor is a 
systemic, neoplastic, or inflammatory disease (e.g., malignancy, inflammatory disease, or organ failure 
such as liver cirrhosis[26], affecting about 20%-60% of patients in the latter condition)[27]. In cirrhotic 
patients, the pathogenetic cascade is multifactorial: Since muscle mass is the result of protein anabolism 
and catabolism balance, reduced liver function, together with portosystemic shunts, causes decreased 
protein synthesis and ammonia detoxification, thus promoting sarcopenia and hyperammonemia. 
Hyperammonemia leads to increased muscle expression of the cytokine myostatin, a negative regulator 
of muscle growth by inhibition of myogenesis[28] (Figure 1). Other involved factors are BCAAs 
deficiency, which plays a key role in maintaining muscle mass and strength, and perturbation of sex 
hormone levels, with reduction of testosterone and concomitant increase in estrogen-to-androgen ratio. 
Hormonal changes suppress myoblast differentiation in skeletal muscle thus promoting sarcopenia[29]. 
Recently, changes in the intestinal microbiome (reduction of Methanobrevibacter, Prevotella e 
Akkermansia) and in the intestine-liver-muscle axis with increased bowel inflammation and bacterial 
translocation have been described in sarcopenic cirrhotic[30]. The role of gut microbiota is crucial for 
energy extraction from nutrients, in controlling low-grade systemic inflammation and bacterial 
infections, and has been involved in the genesis of HE, sarcopenia, and hepatocellular carcinoma (HCC) 
in liver cirrhosis[30-34].
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BCAA IN THE TREATMENT OF SARCOPENIA
Despite growing interest in the clinical role of sarcopenia, few evidence-based therapeutic interventions 
are available to revert this condition in the context of liver cirrhosis. Current literature changed the old 
concept of protein restriction in patients with liver cirrhosis and daily recommended protein intake has 
been changed accordingly[35]. According to the European Society for Clinical Nutrition and Meta-
bolism, high protein intake, variable from 1.2 g/kg/d protein in patients with compensated liver 
cirrhosis to 1.5 g/kg/d protein in patients with malnutrition and/or sarcopenia, is considered safe, 
well-tolerated, and recommended in liver cirrhosis. Another suggested dietary intervention is to shorten 
fasting periods by consuming three to five meals per day and taking a late evening snack. The aim of 
these suggestions is to reduce protein catabolism during overnight fasting and to reverse anabolic 
resistance and sarcopenia[1].

A nutritional interventional strategy aimed at increasing protein synthesis and preventing sarcopenia 
is BCAAs exogenous supplementation. BCAAs play a key role in protein synthesis and glucose 
metabolism. Leucine is involved in the activation of the intracellular mammalian target of rapamycin 
(mTOR) complex 1 pathway and inhibition of ubiquitin-proteasome signaling, thus resulting in 
increased protein synthesis, skeletal muscle hypertrophy, and reduced muscle turnover[36].

In experimental animal models of carbon tetrachloride-induced liver cirrhosis, muscle mass loss was 
described in association with decreased BCAAs and increased AAA plasma levels, while decreased α-
ketoglutarate and ATP concentration in muscles was found[37]. A Japanese study evaluating cirrhotic 
subjects demonstrated a high prevalence of sarcopenia, low serum levels of BCAAs, and insulin-like 
growth factor 1. Patients with lower baseline levels of BCAAs had also a higher prevalence of CTP class 
B and C, lower albumin and zinc blood concentration, and lower body mass index (BMI), associated 
with risk of malnutrition, disease complication, and poor prognosis[38]. The presence of sarcopenia and 
low plasma levels of total BCAAs have also been associated with a significant reduction of survival in 
liver cirrhosis[39].

Several studies were performed to evaluate the effect of BCAAs administration to prevent sarcopenia 
and its complication in cirrhotic patients. In animal models, the administration of BCAAs reversed the 
metabolic alterations in skeletal muscles, promoting glucose uptake, which improves ATP production 
and muscle function[40,41]. In patients affected by alcoholic cirrhosis, skeletal muscle biopsy showed 
increased myostatin expression, dysfunctional mTOR pathway, and increased autophagic proteolysis 
when compared to well-matched healthy controls. These pathologic alterations were reversed after the 
administration of a single oral BCAAs mixture enriched with leucine. A monocentric prospective study 
on adult cirrhotics showed that oral BCAAs powder administration (13.5 g twice a day) for 24-wk was 
able to improve muscle strength with limited increase in muscle mass. It suggests that BCAAs supple-
mentation alone could not be enough to achieve effective improvement of sarcopenia in cirrhotic 
patients and that aerobic and resistance exercise could also be necessary to induce protein synthesis 
response[42]. A prospective, randomized double-blind clinical trial in patients with liver cirrhosis and 
sarcopenia assessed by computed tomography (CT) scan, showed that BCAAs supplementation, in 
addition to a nutritional intervention and physical activity, could improve albumin levels and muscle 
mass. Administration of BCAAs also increased zinc levels after 12 wk of intervention[43]. Zinc is an 
essential nutrient for human health and its deficiency is often associated with malnutrition and chronic 
liver disease[44]. Improvement of hypoalbuminemia after BCAAs supplementation is correlated with 
improved glucose metabolism and a decrease in skeletal muscle fat infiltration, miming exercise 
training. In these patients, an improvement in liver-related event-free survival (including refractory 
pleural effusion, ascites, or both, varices rupture or treatment, and hepatocarcinogenesis) was observed 
and it might contribute to a better prognosis[45]. Today, in liver cirrhosis, an intervention program 
including physical exercise is considered useful to decelerate sarcopenia progression, but it can’t 
completely prevent skeletal muscle atrophy[46]. The combination of BCAAs supplementation and 
walking exercise was found to be more effective than exercise alone in improving muscle mass and 
function and it should be considered a good therapeutic strategy in patients with overt sarcopenia and a 
prevention strategy in patients at risk of sarcopenia[47]. In a retrospective cohort study, patients with 
liver cirrhosis were classified into low, intermediate, and high-risk according to the presence of hypoal-
buminemia and/or sarcopenia. The high-risk group, including patients with both sarcopenia ad hypoal-
buminemia, had significantly lower overall survival than the low-risk group, including patients without 
both hypoalbuminemia and sarcopenia, regardless of HCC occurrence. The administration of BCAAs 
improved overall survival and prognosis in treated patients. The survival benefit of BCAAs supple-
mentation was pronounced in the high and intermediate-risk groups[48]. Lastly, in cirrhotic patients, 
sarcopenia contributes to hyperammonemia due to the reduced capacity of sarcopenic muscle to 
detoxify circulating ammonia which increases the risk of HE. On the other hand, hyperammonemia 
through myostatin upregulation, mitochondrial dysfunction, and cellular stress response, induces 
further muscle depletion, generating a vicious circle. On these bases, nutritional interventions against 
sarcopenia, including BCAA supplementation, may have a beneficial effect also on HE[49,50].
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β-HYDROXY-β-METHYLBUTYRATE SUPPLEMENTATION
A different strategy to counteract muscle mass loss, acting on BCAAs metabolism, is β-Hydroxy-β-
methylbutyrate (HMB) supplementation. HMB is a natural derivative of the BCAA leucine, which has 
shown a positive effect on muscle mass and strength in malnourished subjects. Recently, the 
randomized, placebo-controlled, double-blind, parallel design strengthening health in the elderly 
through nutrition trial showed a significant improvement in weight, BMI, mid-arm circumference, and 
leg strength in elderly subjects receiving an HMB containing oral nutritional supplement along with 
dietary counseling over six months. Female treated subjects also showed a significant increase in 
handgrip strength and the whole population showed an improvement in nutritional parameters 
(including vitamin D levels, fat, protein, and carbohydrate intakes), but no significant difference was 
found in overall survival and hospital (re)admission rate[51].

A prospective non-randomized interventional cohort study evaluating the effectiveness of HMB 
supplements in the prehabilitation program of sarcopenic patients undergoing gastrointestinal surgery 
(HEROS trial, NCT05344313) is ongoing. The effect of HMB supplementation on muscle health and 
nutritional status has also been evaluated in liver cirrhosis. HMB supplementation in cirrhotic rats was 
able to increase plasma levels of BCAAs but showed detrimental effects on muscle and liver protein 
content and was associated with higher mortality and lower weight gain[52].

Despite some conflicting data in the experimental animal, recently, a small pilot randomized 
controlled clinical trial conducted in Italy demonstrated a significant improvement in muscle mass and 
performance in cirrhotic subjects receiving HMB supplements as well as dietary and lifestyle 
counseling. In the HMB-treated group a statistically significant improvement was found in muscle 
performance assessed through a six-minute walking test and chair stand test. HMB supplementation 
was also associated with a significant increase in muscle mass at the quadriceps level and with 
improvement in frailty (evaluated using liver frailty index[53])[54].

In a similar prospective randomized trial, HMB supplementation was evaluated in addition to 
standard BCAAs supplementation in two matched groups. Both HMB + BCAAs and BCAAs alone 
treatment have been associated with a significant longitudinal decrease in MELD score, an increase in 
BMI and fat mass but without significant changes in fat-free mass and handgrip strength. No significant 
differences were found between the two treated groups[55].

In both studies in cirrhotic subjects HMB supplements were well tolerated and no significant adverse 
events were reported. HMB supplementation represents an interesting therapeutic approach in the 
treatment of cirrhotic subjects with sarcopenia, but it is unclear whether it has additional positive effects 
compared to BCAAs supplementation. Adequately powered prospective studies are needed to assess 
efficacy, duration, and dose requirements.

THE ROLE OF ZINC IN HEPATIC ENCEPHALOPATHY AND SARCOPENIA
Another condition that can influence protein metabolism and nutritional status in cirrhosis, acting as a 
bridge between HE and sarcopenia, is zinc deficiency. Zinc is a trace element that is essential for the 
structure and function of various human proteins and enzymes[56]. Zinc deficiency has been described 
in cirrhotic subjects, resulting from multiple mechanisms including, among others, reduced dietary 
intake, reduced intestinal absorption, increased urinary excretion, reduced hepatic extraction, and 
hypoalbuminemia[57-60]. Ammonia metabolism in the liver requires urea cycle activity, which key 
enzyme, ornithine transcarbamylase, is a zinc enzyme. It has been reported that zinc supplementation in 
cirrhotic subjects results in an increase in urea cycle activity with an improvement, though not normal-
ization, of the capacity for ammonia detoxification in the liver[61,62]. The reduction of ammonia detoxi-
fication in the liver, at least in part due to zinc deficiency, is associated with increased ammonia uptake 
in the muscle. In skeletal muscles, BCAAs serve as a glutamate source for glutamine-synthetase reaction 
to detoxify ammonia. It is therefore possible to link zinc deficiency with reduced plasma BCAAs levels 
in liver cirrhosis and with the above-described consequences of such condition on HE and sarcopenia
[63]. Zinc deficiency has also been associated with taste alterations in elderly individuals and subjects 
with chronic diseases, including liver cirrhosis[64,65]. Taste alterations in cirrhosis go together with the 
reduction of appetite caused by abdominal distension due to ascites or osmotic laxatives and with 
reduced nutrient absorption due to portal hypertensive enteropathy and intestinal dysbiosis. All the 
described alterations contribute to the worsening of the nutritional status of patients with liver cirrhosis.

BCAAS AND LIVER FUNCTION
As reported above, some evidence exists regarding the effect of BCAA supplementation on overall liver 
function. Long-term BCAAs supplementation has been associated with improvement in MELD, CPT 
score, and bilirubin reduction in a retrospective Korean study, but no clear difference was reported in 
event-free survival[22]. A recent prospective study from the same research group confirmed the 
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improvement in prognostic scores in subjects receiving long-term BCAAs supplementation, but no 
differences in albumin and bilirubin levels were found. Interestingly, a significant increase in event-free 
survival, mainly regarding ascites and HE, was observed in the BCAAs-treated group, but no difference 
was noted regarding survival[66]. BCAAs supplementation has been investigated also in subjects 
undergoing treatment for HCC, showing some improvement in liver function after locoregional 
treatments. Three months of supplementation with a late evening snack enriched with a BCAAs mixture 
was associated with a rapid improvement in albumin and bilirubin levels and CPT score after radiofre-
quency ablation[67]. In subjects undergoing trans-arterial chemo-treatment for HCC, BCAAs supple-
mentation was associated with an improvement in albumin but not in bilirubin values. Improved CPT 
score and survival were also observed in the BCAAs treated group but only in CPT class B patients[68].

CONCLUSION
Today it is widely accepted that low plasma levels of BCAAs levels play a key role in the development 
of cirrhosis complications such as sarcopenia and HE. The restoration of normal amino acid levels with 
BCAAs supplementation may improve the clinical course of HE and sarcopenia with few side effects. 
For these reasons, BCAAs administration should be considered in adult patients with advanced liver 
disease. BCAAs administration alone improves HE manifestation and reduces HE recurrence but has no 
significant improvement in mortality. Conversely, the use of BCAAs in addition to conventional 
therapies, such as non-absorbable disaccharides and non-absorbable antibiotics, shows benefits also in 
survival. In patients with sarcopenia, the administration of BCAAs improves muscle mass, muscle 
strength, and albumin levels with a consequent improvement in survival. All these beneficial effects are 
amplified when BCAAs are used in combination with physical exercise and nutritional intervention. 
These evidences supports the use of BCAAs supplements in clinical practice, especially in patients 
affected by concomitant HE and sarcopenia. BCAAs supplements should be used in combination with 
standard treatments. There is a need to identify patients at high risk of malnutrition and sarcopenia who 
could have an increased benefit from early nutritional intervention and BCAAs supplementation. 
According to the scientific literature, oral administration is more effective than intravenous adminis-
tration and should be preferred. Early discontinuation of BCAAs administration is associated with 
reduced benefit so a long-term supplementation should be preferred. A minimum dose of 12 g/d of oral 
BCAAs is more effective than lower doses but further studies are needed to evaluate the most adequate 
dose and duration of BCAAs treatment.
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Abstract
Delayed bleeding is a major and serious adverse event of endoscopic submucosal 
dissection (ESD) for early-stage gastrointestinal tumors. The rate of post-ESD 
bleeding for gastric cancer is higher (around 5%-8%) than that for esophagus, 
duodenum and colon cancer (around 2%-4%). Although investigations into the 
risk factors for post-ESD bleeding have identified several procedure-, lesion-, 
physician- and patient-related factors, use of antithrombotic drugs, especially 
anticoagulants [direct oral anticoagulants (DOACs) and warfarin], is thought to be 
the biggest risk factor for post-ESD bleeding. In fact, the post-ESD bleeding rate in 
patients receiving DOACs is 8.7%-20.8%, which is higher than that in patients not 
receiving anticoagulants. However, because clinical guidelines for management of 
ESD in patients receiving DOACs differ among countries, it is necessary for 
endoscopists to identify ways to prevent post-ESD delayed bleeding in clinical 
practice. Given that the pharmacokinetics (e.g., plasma DOAC level at both trough 
and Tmax) and pharmacodynamics (e.g., anti-factor Xa activity) of DOACs are 
related to risk of major bleeding, plasma DOAC level and anti-FXa activity may 
be useful parameters for monitoring the anti-coagulate effect and identifying 
DOAC patients at higher risk of post-ESD bleeding.
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Core Tip: Recent international clinical guidelines for early-stage gastrointestinal tumors recommend 
endoscopic submucosal dissection (ESD) as the first-line treatment. Direct oral anticoagulants (DOACs) 
are a major risk factor for post-ESD bleeding and the pharmacokinetics and pharmacodynamics of DOACs 
may be related to risk of post-ESD bleeding. Therefore, one way to monitor the anticoagulant effect of 
DOACs in clinical practice may be to develop a system that effectively measures anti–FXa activity and 
plasma concentration. In the future, it may be useful to stratify risk of post-ESD delayed bleeding based on 
a scoring system that includes pharmacological parameters of DOACs.

Citation: Sugimoto M, Murata M, Kawai T. Assessment of delayed bleeding after endoscopic submucosal 
dissection of early-stage gastrointestinal tumors in patients receiving direct oral anticoagulants. World J 
Gastroenterol 2023; 29(19): 2916-2931
URL: https://www.wjgnet.com/1007-9327/full/v29/i19/2916.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i19.2916

INTRODUCTION
Endoscopic resection, a minimally invasive endoscopic non-surgical treatment, is now accepted as first-
line management for most cases of early-stage esophageal cancer, gastric cancer and colorectal cancer or 
adenoma around the world[1]. Endoscopic resection mainly includes endoscopic mucosal resection 
(EMR) and endoscopic submucosal dissection (ESD). Indication for endoscopic resection for EMR and 
ESD is typically a local mucosal lesion with an extremely low risk of metastasis to lymph nodes 
(generally less than 1%), and lesions that can be resected en-bloc, irrespective of localization in the 
esophagus, stomach, duodenum or colon. Because ESD enables complete en-bloc resection and is 
associated with a lower recurrence rate than EMR[2,3], recent international clinical guidelines for early-
stage gastrointestinal tumors recommend ESD as the first-line treatment over EMR and surgical 
resection[1,3-7]. To achieve good results and prognosis in ESD for early-stage gastrointestinal tumors, 
endoscopists and gastroenterologists require excellent skills and knowledge of the diagnosis, 
indications, actual procedures, and evaluation of curability, complications, long-term postoperative 
surveillance, and histopathology[3].

ESD often causes adverse events such as intra-operative and delayed bleeding from an artificial ulcer 
and perforation. The occurrence of such events has been linked to several procedure-, lesion-, physician- 
and patient-related factors[8-12]. Of the possible risk factors for post-ESD delayed bleeding, use of 
antithrombotic drugs, especially anticoagulants, is the biggest risk factor[13,14]. Although antico-
agulants are mainly divided into warfarin and direct oral anticoagulants (DOACs), no parameters 
identified to date can be used to accurately monitor the anti-coagulate effect of DOACs in clinical 
practice or endoscopic/surgical procedures. Thus, it is important to clarify the association between post-
ESD delayed bleeding for early-stage gastrointestinal tumors and DOACs, identify risk factors of post-
ESD delayed bleeding in patients taking DOACs and methods to prevent bleeding in these patients.

Here, we review delayed bleeding after ESD for gastrointestinal tumors, risk factors for post-ESD 
bleeding, the pharmacological characteristics of DOACs, international clinical guidelines for endoscopic 
procedures in patients receiving DOACs, and post-ESD bleeding in patients receiving DOACs.

DELAYED BLEEDING AFTER ESD FOR GASTROINTESTINAL TUMORS
In Japan, upper and lower gastrointestinal tumors are detected in the early stages in many patients, 
mainly through the use of optimal screening methods, appropriate surveillance and the development of 
endoscopic diagnostic techniques for early detection and endoscopic equipment[15-17]. In general, 
evaluation of early-stage gastrointestinal tumors should be performed by expert endoscopists, using a 
high-definition endoscope by white-light imaging and advanced image-enhanced endoscopy[18]. The 
experience of the endoscopist may be related to the incidence of adverse events and effective prevention 
of procedure-related adverse events after ESD. Careful and appropriate coagulation for exposed blood 
vessels may reduce the gastrointestinal bleeding risk, especially in the stomach[7,19]. The rate of 
bleeding and its risk factors are known to differ among patients with esophagus, stomach, duodenum 
and colon cancer.

Esophageal squamous cell carcinoma
The recent development of high-vision endoscopes and techniques for endoscopic diagnosis, including 
narrow band imaging, has led to more frequent early detection of esophageal esophageal squamous cell 
carcinoma (SCC)[15,20]. Therefore, ESD is accepted as an effective procedure for detecting superficial 
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esophageal SCC. In Japan, the Esophageal Cancer Practice Guidelines 2017 weakly recommends 
endoscopic resection as first-line treatment for preoperatively diagnosed cT1a-MM/T1b-SM1 non-
circumferential SCC[6]. In 2014, a meta-analysis of 15 studies with 776 patients with ESD-treated SCC 
reported pooled estimates of complete resection and en bloc resection rates of 89.4% [95%CI: 
86.2%–91.9%] and 95.1% (92.6%–96.8%), respectively[21]. In addition, pooled estimates of adverse 
events such as post-ESD bleeding, perforation, and stenosis were 2.1% (95%CI: 1.2%–3.8%), 5.0% 
(3.5%–7.2%), and 11.6% (8.2%–16.2%), respectively[21].

Barrett's neoplasia and esophageal adenocarcinoma
The incidence of esophageal adenocarcinoma (EAC) located in Barrett’s epithelium has been increasing, 
especially in Western countries, due to decreases in the Helicobacter pylori (H. pylori) infection rate and 
increases in reflux esophagitis[22]. The European Society of Gastrointestinal Endoscopy (ESGE) 
recommends using EMR for ≤ 20 mm visible lesions with low probability of submucosal invasion and 
for larger or multifocal benign dysplastic lesions. In Japan, ESD is strongly recommended over EMR for 
the radical treatment of superficial EAC with a low risk of metastasis[6]. A meta-analysis of 11 studies 
investigating the efficacy and safety of ESD for EAC (mean size: 27 mm) reported pooled estimates for 
en bloc resection and pooled R0 resection of 92.9% (95%CI: 90.3%-95.2%) and 74.5% (66.3%-81.9%), 
respectively[23]. Incidence of recurrence after curative resection was 0.17% (95%CI: 0%-0.3%) at a mean 
follow-up of 22.9 mo (17.5-28.3 mo)[23]. In adverse events, estimates for bleeding, perforation, and 
stricture were 1.7% (95%CI: 0.6%-3.4%), 1.5% (0.4%-3.0%) and 11.6% (0.9%-29.6%), respectively. Thus, 
the rate of post-ESD delayed bleeding in both esophageal SCC and EAC may not be very high (1.7%-
2.1%).

Gastric cancer
In the ESGE, gastric cancers that are ≤ 30 mm, submucosal (sm1), and well-differentiated, or ≤ 20 mm, 
intramucosal, and poorly differentiated, and without ulcerative findings for both sets of criteria can be 
considered for ESD, although the decision should be individualized[4]. ESD for gastric cancer is 
associated with high rates of en bloc and R0 resection (> 90%), curative resection (75%–80%), low local 
recurrence (< 5%) and acceptable rates of adverse events (post-ESD bleeding 5%–10% and perforation < 
3%)[24,25]. A recent meta-analysis of 22 studies in Western countries reported estimates for en bloc 
resection and R0 resection of 96% (95%CI: 93%-98%) and 84% (79%-89%), respectively[26]. Overall, 
adverse events occur in 9.5% of patients, including delayed bleeding (5.8%), perforation (3.4%), and 
stenosis (0.35%)[26]. The odds ratio (OR) indicates that there is no significant difference in risk of post-
ESD bleeding between ESD and EMR (OR 1.26, 95%CI: 0.88-1.80)[27]. Another meta-analysis of 74 
articles by Libânio et al[28] reported post-ESD bleeding rates ranging from 0.6% to 26.9% and a pooled 
bleeding rate of 5.1% (95%CI: 4.5%-5.7%), with significant heterogeneity across studies (I2: 84.46, P < 
0.001). However, bleeding rates were not significantly different among different study designs (5.9% in 
randomized clinical trials, 6.1% in prospective studies, and 4.9% in retrospective studies). The elderly 
Japanese population aged ≥ 85 years has increased from 1.4 to 4.8 million over the last two decades[29] 
and our investigation of a cohort of 10,320 patients showed that the incidence of bleeding in elderly 
patients aged > 80 years was 5.7% (95%CI: 4.6%-6.9%), which was significantly higher than in patients 
aged < 80 years (4.5%, 4.1%-5.0%)[30].

Duodenum
Because ESD for duodenal tumors is associated with high rates of post-ESD bleeding and perforation at 
both the early and late phases, the ESGE suggests reserving its use for selected cases and tumors in 
expert centers[4]. In particular, perforation rates are high, with an incidence > 10% in studies involving 
expert centers[31]. Further, distal location to the ampulla of Vater is a risk factor for delayed perforation
[32]. A meta-analysis reported pooled rates of en bloc resection, need for surgical intervention, delayed 
bleeding, intraoperative and delayed perforation of 87%, 4%, 2%, 15% and 2%, respectively[33]. 
Meanwhile, a recent large retrospective Japanese study reported that the rate of post-ESD adverse 
events was significantly reduced in cases with complete closure of the mucosal defect compared to 
partial closure and no closure (1.7%, 25.0% and 15.6%, respectively, P < 0.01)[34].

Colon
In Japan, indications for ESD for colorectal tumors are lesions for which endoscopic en bloc resection is 
required, as follows: (1) Lesions for which en bloc resection with snare EMR is difficult to apply; (2) 
Mucosal tumors with submucosal fibrosis; (3) Sporadic localized tumors in conditions of chronic inflam-
mation such as ulcerative colitis; and (4) Post-EMR local residual or recurrent early-stage cancers[5]. A 
recent systematic review of 109 studies on 19484 colorectal lesions resected by ESD reported rates of en 
bloc resection of 91%, R0 resection of 82.9%, and local recurrence of 2%. The study also reported a rate of 
post-ESD bleeding of 2.7% and perforation of 5.2%, and that 1.1% of all patients needed surgical 
treatment by severe adverse events[35].

Because the rate of post-ESD bleeding may be higher for gastric cancer (5%-8%) than that at other 
sites (around 2%-4%) due to direct exposure of artificial ulcers to gastric acid and bile, it is necessary for 
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endoscopists to be aware of and develop countermeasures for gastric ESD.

RISK FACTORS FOR POST-ESD GASTROINTESTINAL DELAYED BLEEDING
Risk factors for post-ESD bleeding are expected to differ among patients with esophagus, stomach, 
duodenum and colon cancer. Post-ESD bleeding has been shown to be associated with procedure-
related factors (e.g., type of knife, coagulation machine and endoscope, and coagulation mode), lesion-
related factors (e.g., gastrointestinal organ, large lesion size, location, presence within the ulcerated 
lesion, scarring, and fibrosis), physician-related factors (e.g., experience with ESD) and patient-related 
factors [hemodialysis, drugs (antiplatelet drugs, anticoagulants, steroids, and non-steroidal anti-inflam-
matory drugs), hemostasis ability, and platelet count] (Figure 1)[8-12].

Libânio et al[28] showed in a meta-analysis of 74 articles that male sex (OR 1.25), cardiopathy (OR 
1.54), antithrombotic drugs (OR 1.63), cirrhosis (OR 1.76), chronic kidney disease (CKD) (OR 3.38), 
tumor size > 20 mm (OR 2.70), resected specimen size > 30 mm (OR 2.85), localization in the lesser 
curvature (OR 1.74), flat/depressed morphology (OR 1.43), carcinoma histology (OR 1.46), and 
ulceration (OR 1.64) were significant risk factors for post-ESD bleeding of gastric cancer, whereas age, 
hypertension, submucosal invasion, fibrosis, and location (upper, middle, or lower third of stomach) 
were not. In terms of procedural factors, procedure duration > 60 min (OR, 2.05) and use of histamine-2 
receptor antagonists instead of proton pump inhibitors (PPIs) (OR, 2.13) were associated with post-ESD 
bleeding, whereas endoscopist experience was not. Recently, Hatta et al[36] conducted a nationwide 
multicenter retrospective study focusing on post-ESD bleeding for gastric cancer and used the data to 
develop a model that applies 10 factors [warfarin, DOAC, hemodialysis, P2Y12 receptor antagonist, 
aspirin, tumor size > 30 mm, tumor location in the lower third, presence of multiple tumors and 
interruption of each kind of antithrombotic agent] to predict post-ESD bleeding (BEST-J score). 
According to the BEST-J score, rates of bleeding in patients categorized as low-risk, intermediate-risk, 
high-risk, and very high-risk were 2.8%, 6.1%, 11.4%, and 29.7%, respectively[36]. A validation study of 
the BEST-J score showed that the area under the curve for the BEST-J score at multicenter trials was 
0.713 (95%CI: 0.625–0.802), which suggests that the BEST-J score may be useful for predicting post-ESD 
bleeding in not only expert centers but also general hospitals[37]. In addition, because the healing speed 
of post-ESD artificial ulcers is related to the post-ESD bleeding rate, factors that affect the healing speed 
of ulcers, namely H. pylori infection status, type of acid inhibitory drug (e.g., PPIs and vonoprazan) and 
severity of gastric atrophy, may also be risk factors for post-ESD bleeding in gastric cancer[11,12,38]. In 
today’s aging society, the number of patients taking anti-platelet drugs and anticoagulants for the 
prevention of cardio- and cerebrovascular diseases has risen. That a multicenter study reported a high 
incidence of post-ESD bleeding in Japanese aged > 80 years, especially in patients receiving 
hemodialysis and taking warfarin[30], indicates that careful management of ESD is required to prevent 
bleeding in patients aged > 80 years compared to younger patients.

Major risk factors for post-ESD bleeding for colorectal tumors are generally larger tumor size, location 
in the rectum or cecum, long procedure time, number of tumors, and taking anti-thrombotic drugs. 
Recently, Li et al[39] reported that post-ESD bleeding for colorectal tumors is observed in 4.7% of 
patients, and that hypertension (OR 2.829, 95%CI: 1.101-7.265) and using hot biopsy forceps for wound 
management (OR 2.873, 95%CI: 1.013-8.147) remain significant risk factors for bleeding after 
multivariate analysis. In another study, Seo et al[40] developed a risk-scoring model to predict bleeding 
after colorectal ESD following identification of the tumor location in the rectosigmoid colon (OR 6.49; 
95%CI: 1.96-21.42), large tumor (> 30 mm) (2.10, 1.01-4.40), and use of antiplatelet agents except for 
aspirin alone (4.04, 1.44-11.30) as risk factors for bleeding[40]. When use of antiplatelet agents except for 
aspirin alone was scored as 1 point, tumor size > 30 mm as 1 point, and location in the rectosigmoid area 
as 2 points, the incidence of bleeding in low-risk (score 0-2) and high-risk groups (score 3-4) was 1.5% 
and 6.0%, respectively.

Thus, current evidence indicates that the use of antithrombotic drugs, especially anticoagulants 
(DOACs and warfarin) is the biggest risk factor for post-ESD bleeding[13,14].

PHARMACOLOGICAL CHARACTERISTICS OF DOACS
DOACs are currently the first-line drug for the pharmacological prevention of systemic embolism or 
stroke in atrial fibrillation patients. They are categorized into two main classes: Direct thrombin 
inhibitors (i.e., dabigatran) and activated coagulation factor X (FXa) inhibitors (i.e., apixaban, edoxaban, 
rivaroxaban, and betrixaban). Compared with anticoagulation with vitamin K antagonists (i.e., warfarin) 
or low-molecular-weight heparins, DOACs are new agents that demonstrate superiority or 
noninferiority to prior standards of care in reducing the risk of thromboembolic complications and 
major and minor bleeding risk, have fewer monitoring requirements and less frequent follow-up need; 
and have more immediate drug onset and offset effects and fewer drug and food interactions[41-44]. 
However, an advantage of using vitamin K antagonist therapy is that a therapeutic international 
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Figure 1 Post-endoscopic submucosal dissection bleeding-related factors. DOACs: Direct oral anticoagulants; NSAIDs: Non-steroidal anti-
inflammatory drugs; CHADS: Congestive heart failure, Hypertension, Age > 75 years, Diabetes mellitus, and Stroke.

normalized ratio range of 2.0-3.0 has been established and is recommended to prevent embolic complic-
ations in non-valvular atrial fibrillation in the treatment of deep vein thrombosis and pulmonary 
embolism. In contrast, a disadvantage of DOACs is that their anticoagulant effects in patients are 
unclear because there are no Food and Drug Administration (FDA)-approved methods to measure 
correctly the anticoagulant effect of DOACs. Although qualitative coagulation assays (e.g., thrombin 
time, activated partial thromboplastin time, and prothrombin time) can be selected as first-line tests, 
they do not accurately measure the anticoagulant effect of DOACs (Table 1). Quantitative measures for 
direct assessment of anticoagulant effects do exist, including anti–FXa activity, plasma drug concen-
tration (standard method in preclinical/clinical research and the most accurate method), dilute 
thrombin time, and ecarin thrombin time[45,46]. In fact, plotting anti–FXa activity against plasma levels 
of apixaban and rivaroxaban has been confirmed to show a direct linear relationship for both 
compounds[47].

Pharmacokinetic characteristics such as oral bioavailability, plasma protein binding and relative 
involvement of renal and non-renal elimination differ substantially among DOACs (Table 2). Pharma-
cokinetics is influenced by the type of DOAC, dose, renal function, liver function, age, sex, body weight, 
drug metabolic enzyme gene polymorphisms and drug-drug interactions, but not ethnicity, geographic 
region, aspirin use, or clopidogrel use[48]. DOACs are relatively safe and effective in patients with 
moderate CKD [creatinine clearance (Ccr) 30–50 mL/min]. Rivaroxaban, dabigatran and edoxaban will 
require dose adjustment for renal impairment and patients with severe renal dysfunction (Ccr < 30 mL/
min) are recommended to avoid their use[49]. Regulatory agencies such as the FDA and European 
Medicines Agency have provided guidelines for performing dose adjustments according to the DOAC 
dose based on Ccr and anticoagulant indications[50]. The International Society on Thrombosis and 
Hemostasis suggests that use of DOACs are safe in patients of body mass index ≤ 40 kg/m2 (body 
weight ≤ 120 kg) at standard doses but does not recommend them for patients of body weight > 120 kg
[51]. Compared to warfarin, DOACs are more effective and safer in patients with low body weight (< 50 
kg)[52].

DOACs are metabolized by either cytochrome P450 (CYP) metabolic enzymes in the liver or 
permeability glycoprotein transporters; thus, agents that induce or inhibit CYP metabolic enzymes or 
glycoprotein transporters can lead to major drug-drug interactions and place the patient at undue risk 
for adverse events. In fact, concomitant use of apixaban, rivaroxaban, or dabigatran with clarithromycin, 
a potent inhibitor of CYP3A4, and ATP-binding cassette multidrug transporters increases serum levels 
of DOACs by 20% to 100% and prolongs coagulation time[53,54]. The pharmacokinetics of DOACs also 
depend on genetic variations, such as ABCB1 (ATP-binding cassette multidrug transporters, MDR1) 
(1236C>T, 2677G>T/A, and 3435C>T), ABCG2 (421C>A), and CYP3A5 polymorphisms (6986A>G)[55]. 
The plasma trough C/D ratio of apixaban is significantly higher in patients with the ABCG2 421A/A 
genotype and CYP3A5 6986 G allele carriers than in patients with the ABCG2 421C/C genotype and 
CYP3A5 6986 A/A genotype[55]. Given that CYP3A5 6986A>G and ABCG2 421C>A polymorphisms 
have allele frequencies of 65%-85%[56] and 29%-36%[57], respectively, in Asians, ABCB1, ABCG2, and 
CYP3A5 genotypes play pivotal roles in the interindividual variability of apixaban concentrations in 
Japanese patients.

Although the pharmacodynamic parameters of DOACs differ significantly among individuals and 
anticoagulant effects also vary widely among patients receiving DOACs, the lack of approved methods 
to monitor the anticoagulant effect of DOACs makes it unclear whether the effect is adequate in patients 
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Table 1 Possible methods for monitoring the anticoagulant ability of direct oral anticoagulants[49,71,87]

Qualitative methods Quantitative methods Other

aPTT TT PT Anti-FIIa 
levels

Anti-Fxa 
levels Plasma level dTT ECT/ECA CBC CMP

Dabigatran 2 2 2 1 1 2 2 2 2

Apixaban 2 1 1 2 2

Edoxaban 2 1 1 2 2

Rivaroxaban 2 1 1 2 2

1Possible excellent markers.
2Possible sensitive markers.
APTT: Activated partial thromboplastin time; CBC: Complete blood count; CMP: Comprehensive metabolic panel; dTT: Dilute thrombin time; ECA: Ecarin 
chromogenic assay: ECT: Ecarin clotting time; FXa: Activated factor X; PT: Prothrombin time; TT: Thrombin time.

receiving DOAC. Compared with vitamin K antagonist therapy (therapeutic international normalized 
ratio range: 2.0-3.0), a disadvantage of DOACs is that the dosage of DOAC cannot be controlled 
according to anticoagulant effect. Therefore, the trough and time to reach maximum plasma concen-
tration (Tmax) and anti-FXa activity of DOAC-metabolizing enzyme polymorphisms may be useful 
parameters for accurately monitoring the anti-coagulate effects of DOACs and selecting patients at 
higher risk of major bleeding. Developing a system that easily measures the anti–FXa activity and 
plasma level could be an important way to monitor the anticoagulant effect of DOACs in clinical 
practice.

PHARMACOKINETICS OF DOACS AND MAJOR BLEEDING
Clinical trials have investigated the efficacy of dabigatran (RE-LY trial[58]), apixaban (ARISTOTLE trial
[41]), edoxaban (ENGAGE AF TIMI48 trial[59]) and rivaroxaban (ROCKET AF trial[60]) for the 
prevention of stroke and embolism. According to these trials, adverse events of major bleeding and 
gastrointestinal bleeding occur at rates of 3.11% and 1.51% for dabigatran 150 mg given twice daily 
(bid), 2.13% and 0.76% at apixaban 5 mg bid, 2.75% and 1.51% at edoxaban 60 mg given once daily (oid) 
and 3.6% and 3.2% at rivaroxaban 20 mg oid (Table 3), respectively.

Because the anti-coagulate effects of DOACs are linked to plasma levels of DOAC and anti-FXa 
activity at trough and Tmax[48,61,62], these pharmacokinetic and pharmacodynamic parameters are also 
expected to be related to risk of major bleeding, such as intracerebral and gastrointestinal bleeding. 
Using multiple logistic regression, Reilly et al[48] showed that major bleeding risk increased with 
dabigatran exposure (P < 0.0001), age (P < 0.0001), aspirin use (P < 0.0003), and diabetes (P = 0.018) as 
significant covariates. Further, patients with major bleeding had higher trough levels (55%) and post-
dose levels (36%) than non-bleeding patients[48]. Reilly et al[48] also reported a median trough level of 
116 ng/mL in 323 major bleeding patients compared with 75.3 ng/mL in 5899 no bleeding patients[48]. 
Additionally, a Cox regression analysis of time to first major bleeding with trough level, age, and 
CHADS2 score as covariates showed that, compared with the median trough level of 88 ng/mL, the rate 
of major bleeding doubled at a level of 210 ng/mL after adjustment for age and CHADS2 score. 
Moreover, Sakaguchi et al[63] showed that, in rivaroxaban-treated patients with major bleeding in 
Japan, major bleeding is independently predicted to be higher peak rivaroxaban levels and higher anti-
FXa activity. Additionally, Sin et al’s prospective study[64] of rivaroxaban-treated patients with atrial 
fibrillation with differing severity of CKD (Stage 1–3) showed that trough levels of rivaroxaban were 
higher in those with bleeding (59.9 ± 35.6 ng/mL) than in those without (41.1 ± 29.2 ng/mL; P < 0.05). 
Therefore, although plasma level and anti–FXa activity may be useful parameters for selecting patients 
receiving DOACs at higher risk of major bleeding, there is no evidence that patients with higher plasma 
levels and anti–FXa activity have higher risk of post-ESD bleeding.

A retrospective analysis of 5041 patients demonstrated that concomitant dabigatran–PPI treatment is 
linked to a significant reduction in bleeding risk compared with dabigatran alone without a PPI[65]. 
Although dabigatran is an orally administered prodrug, it is rapidly absorbed and converted to its 
active form, dabigatran. Thus, a potential mechanism for PPI–dabigatran interaction may be reduced 
dabigatran absorption and availability, which is most probably mediated via the effects of PPI on gastric 
pH, given the poor solubility of dabigatran at pH > 4[66]. Therefore, interactions between PPIs and 
dabigatran may lead to decreases in dabigatran levels[67].

In terms of gastrointestinal bleeding, unlike warfarin, DOACs remain in the gastrointestinal tract 
without being absorbed into the blood. Therefore, DOACs may directly inhibit the hemostatic 
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Table 2 Pharmacological characteristics of direct oral anticoagulant[71,87]

Dabigatran Apixaban Edoxaban Rivaroxaban

Target factor Thrombin (Factor IIa) Factor Xa Factor Xa Factor Xa

Half-time (h) 10.7-11.8 6.12-8.11 6.21-6.70 5.7-12.6

Time to peak effect (h) 4 3.0-3.5 1-1.5 1.4-3.3

Distribution volume (L) 50-70 21 107 50

Renal excretion (%) 85 27 35.4-50 50

Fecal excretion (%) 6 25 62.2 50

Hepatic metabolism No CYP3A4/5 CYP3A4 CYP3A4 and CYP2J2

Transporter P-gP P-gP/BCRP P-gP P-gP/BCRP

Protein binding (%) 28.2-31.5 87 40.0-58.9 92-95

Dialyzable Yes No No No

Prodrug Yes No No No

Bioavailability (%) 6.5 50 61.8 66-112

Dose for AF (in Japan) 150 mg 5 mg 60 mg 15 mg

Dosing time Twice daily Twice daily Once daily Once daily

Reversal agent Idarucizumab Andexanet alfa Andexanet alfa Andexanet alfa

FDA-approved indications Nonvalvular AF, VTE (T, SP, P) Nonvalvular AF, VTE (T, SP, 
P)

Nonvalvular AF, VTE 
(T)

Nonvalvular AF, VTE (T, SP, P)

Japanese insurance system-
approved indications

Nonvalvular AF (P) Nonvalvular AF (P), VTE (T, 
SP)

Nonvalvular AF (P), 
VTE (T, SP)

Nonvalvular AF (P), VTE (T, SP)

Non-pharmacologic 
interactions

Age, reduced GFR Age, reduced body weight, 
reduced GFR, probable severe 
liver damage

Reduced GFR, 
probable severe liver 
damage

Age, reduced GFR, probable 
severe liver damage

Drug interactions Dose reduction: Concomitant P-
gp inhibitor, gastric acid 
inhibitory drug

Avoid: Concomitant P-gp and 
CYP3A4 inhibitors

Avoid: Concomitant 
rifampin

Avoid: Rivaroxaban with 
concomitant dual P-gp and 
CYP3A4 inhibitors

Contraindications Ccr: < 30mL/min Nonvalvular AF: Ccr: < 
15mL/min, VTE:

Nonvalvular AF: Ccr: 
< 15mL/min, VTE:

Nonvalvular AF: Ccr: < 
15mL/min, VTE:

Ccr: < 30mL/min Ccr: < 30mL/min Ccr: < 30mL/min

AF: Atrial fibrillation; P: Prophylaxis; SP: Secondary prevention; T: Treatment; VTE: Venous thromboembolism; FDA: Food and Drug Administration; Ccr: 
Creatinine clearance.

mechanism in the gastrointestinal tract, thereby aggravating bleeding[68].

CLINICAL GUIDELINES: MANAGEMENT FOR PATIENTS TAKING DOACS IN  
ENDOSCOPIC PROCEDURES WITH HIGHER RISK FOR BLEEDING (ESD)
During gastrointestinal endoscopy and endoscopic treatment of patients receiving antithrombotic 
therapy, it is necessary to balance the risk of major and minor bleeding with the risk of thromboem-
bolism resulting from withdrawal of antithrombotic therapy. Therefore, it is important to determine a 
management strategy (with withdrawal or not) that is optimized for individual patients based on 
consultation between the endoscopist and physician prescribing the antithrombotic drugs. The risk of 
thromboembolism is closely related to the underlying disease requiring anticoagulants, and the absolute 
risk of thromboembolism increases by more than 1% when anticoagulants are withdrawn for more than 
4 d[69].

In 2012 the Japan Gastroenterological Endoscopy Society published “Guidelines for gastroentero-
logical endoscopy in patients undergoing antithrombotic treatment” concerning thromboembolism 
associated with antithrombotic therapy withdrawal and bleeding[70]. The guidelines were updated 
with a 2017 appendix on anticoagulants in 2017[71]. Although the 2012 version recommends replacing 
DOACs with heparin during ESD in patients with high risk for post-procedure bleeding as an adverse 
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Table 3 Comparison of clinical trials on patients receiving direct oral anticoagulant: Major bleeding

Dabigatran Apixaban Edoxaban Rivaroxaban

Trial name RE-LY[4] ARISTOTLE[5] ENGAGE AF TIMI48[6] ROCKET AF[7]/J-ROCKET 
AF

Number of patients 18113 18201 21105 14264

Method PROBE RCT RCT RCT

Primary endpoints Stroke or systemic embolism Ischemic or hemorrhagic 
stroke or systemic embolism

Stroke or systemic 
embolism

Stroke or systemic embolism

Period (years) 2.0 1.8 2.8 1.9

CHADS2 score (mean) 2.2 2.1 2.8 3.48 (J-ROCKET: 3.25)

Dosing dose 150 mg/10 mg bid 5 mg bid 60 mg/30 mg qd 20 mg od (J-ROCKET: 15 mg 
od)

Evaluation

Thrombus/embolism (vs 
warfarin)

110 mg: Non-inferior, 150 mg: 
Superior

Superior 60 mg: Similar, 30 mg: 
Similar

On treatment: Superior, 
Intention-to-treat: Non-inferior

Outcomes: Stroke or 
systemic embolism

War: 1.69%/yr, D (110): 
1.51%/yr, D (150): 1.11%/yr

War: 1.50%/yr, A: 1.27%/yr War: 1.81%/yr, E (30): 
2.06%/yr, E (60): 1.57%/yr

War: 2.2%/yr, R: 1.7%/yr

Major bleeding (vs warfarin) 110 mg: Superior, 150 mg: 
Similar

Superior Superior Similar

Bleeding rate War: 3.36%/yr, D (110): 
2.71%/yr, D (150): 3.11%/yr

War: 3.09%/yr, A: 2.13%/yr War: 3.43%/yr, E (30): 
1.61%/yr, E (60): 2.75%/yr

War: 3.4%/yr, R: 3.6%/yr

Intracranial bleeding War: 0.74%/yr, D (110): 
0.23%/yr, D (150): 0.30%/yr

War: 2.27%/yr, A: 1.79%/yr War: 0.85%/yr, E (30): 
0.26%/yr, E (60): 0.39%/yr

War: 0.7%/yr, R: 0.5%/yr

Gastrointestinal bleeding War: 1.02%/yr, D (110): 
1.12%/yr, D (150): 1.51%/yr

War: 0.86%/yr, A: 0.76%/yr War: 1.23%/yr, E (30): 
0.82%/yr, E (60): 1.51%/yr

War: 2.2%/yr, R: 3.2%/yr1

Minor bleeding (vs warfarin) War: 16.37%/yr, D (110): 
13.16%/yr, D (150): 
14.84%/yr

War: 6.01%/yr, A: 4.07%/yr War: 4.89%/yr, E (30): 
3.52%/yr, E (60): 4.12%/yr

War: 11.4%/yr, R: 11.8%/yr

Mortality rate War: 4.13%/yr, D (110): 
3.75%/yr, D (150): 3.64%/yr

War: 3.94%/yr, A: 3.52%/yr War: 4.35%/yr, E (30): 
3.80%/yr, E (60): 3.99%/yr

War: 2.2%/yr, R: 1.9%/yr

A: Apixaban; D: Dabigatran; E: Edoxaban; R: Rivaroxaban; war: Warfarin; RCT: Randomized clinical trial; CHADS: Congestive heart failure, Hypertension, 
Age > 75 years, Diabetes mellitus, and Stroke; PROBE: Prospective randomized open blinded-endpoint.

event, the 2017 version recommends that patients receiving DOACs should continue to take the DOAC 
orally until the day before ESD and discontinue it on the morning of ESD (Table 4)[71]. Because the 
anticoagulant effects last 36–48 h for rivaroxaban and edoxaban given oid and 24–36 h for apixaban 
given bid, and the disappearance of anti-FXa activity and anticoagulant effects increase the risk of 
thrombosis, DOACs may be resumed the morning after ESD (up to 36 and 48 h when given bid and 
oid). In addition, when performing ESD, patients receiving concomitant DOAC and antiplatelet agents 
should be handled with care depending on the individual’s condition and needs, while ESD can be 
performed on patients receiving antiplatelet monotherapy with aspirin or cilostazol[71].

In contrast to the Japanese guidelines, the updated guidelines by the British Society of Gastroen-
terology and ESGE suggest that patients receiving low-risk procedures for bleeding withdraw from the 
morning dose of DOAC on the morning of ESD, and recommend that the last dose of DOAC be taken 3 
d before ESD for high-risk endoscopic procedures (strong recommendation and low-quality evidence) 
(Table 4)[72]. For patients receiving dabigatran with a Ccr 30–50 mL/min, this updated version 
recommends that the last dose be taken 5 d prior to the procedure (strong recommendation and low-
quality evidence)[72].

The American Society for Gastrointestinal Endoscopy (ASGE) published a guideline on how to 
manage patients receiving antithrombotic agents for endoscopy in 2016[73]. This guideline suggests that 
patients undergoing low-risk procedures should continue taking DOACs (Table 4)[73] and that the 
resumption of DOACs after ESD be delayed until adequate hemostasis is ensured. If DOACs cannot be 
resumed within 12 to 24 h post-ESD, thromboprophylaxis should be considered to decrease thromboem-
bolism risk in those with high risk for thromboembolism. However, this version of the ASGE guideline 
recommends that patients at high risk for thromboembolic events withdraw DOACs and receive bridge 
therapy to adequately manage patients taking DOACs when ESD is performed (Table 4).
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Table 4 Summary of international guidelines concerning withdrawal of direct oral anticoagulants during gastroenterological endoscopy

Ref. Country Standard 
endoscopy Biopsy Low risk of 

bleeding High risk of bleeding, including ESD

[71] Japan 1 2Avoid peak plasma 
level

2Avoid peak plasma 
level

3(1) Withdraw on the day of treatment; and (2) Heparin replacement

[72] Europe 1 3Withdraw on the 
day of treatment

3Withdraw on the 
day of treatment

3(1) Withdraw 3 d before treatment; (2) Withdraw 5 d before treatment 
for dabigatran patients at Ccr 30–50 mL/min; and (3) No heparin 
bridging

[73] United 
States

1 1 1 3(1) Withdraw; and (2) Bridge therapy required for patients at high 
risk for thromboembolic events

[74] Korea 1 1 1 3Withdraw 2 d before treatment

[75] Asia-
Pacific

1 1 1 3Withdraw 2 d before treatment

1Withdrawal is not required.
2Withdrawal is not required but possible.
3Withdrawal is required.
ESD: Endoscopic submucosal dissection; Ccr: Creatinine clearance.

In contrast, the Korean clinical practice guideline does not recommend withdrawal of DOACs before 
low-risk procedures (weak recommendation and low-quality evidence) but suggests withdrawing 
DOACs > 48 h before high-risk procedures (weak recommendation and low-quality evidence) (Table 4)
[74]. The recommendation to withdraw DOACs > 48 h before ESD is based on the fact that the half-life 
of DOACs is about 12 h and predictions that DOAC levels and anti-FXa activity will be almost 
undetectable after 48 h[74].

The Asian Pacific Association of Gastroenterology and Asian Pacific Society for Digestive Endoscopy 
guidelines recommend withholding DOACs at least 48 h before the procedure in DOAC patients 
receiving gastrointestinal ESD (strong recommendation and low-quality evidence) and do not 
recommend bridging anticoagulation (strong recommendation and low-quality evidence) (Table 4)[75]. 
In addition, these guidelines provide recommendations related to the timing of DOAC discontinuation 
before high-risk procedures according to Ccr[76]. In these guidelines, EMR for large colon polyp (≥ 2 
cm) and ESD procedures, which have a higher risk of gastrointestinal bleeding compared with other 
high-risk endoscopic procedures, are categorized as ultra-high-risk endoscopic procedures[74,75].

Thus, as summarized in Table 4, guidelines for the management of patients undergoing ESD for 
early-stage gastrointestinal tumors who receive DOACs differ by country. Although subtle differences 
in the management of DOACs with ESD are important in clinical practice, we consider that these 
differences are dependent on the year in which the guidelines were published, the different dosage of 
DOAC in each country, the different numbers of concomitant antithrombotic drugs, and differences in 
the rate of genetic variations (e.g., CYP3A4/5, ABCG2, and ABCB1 polymorphism).

GASTROINTESTINAL BLEEDING AFTER ESD IN PATIENTS RECEIVING DOACS
Post-ESD bleeding in patients receiving DOACs remains an unpreventable adverse event. Although the 
combination of heparin-bridging therapy and discontinuation of DOACs is one approach used to 
prevent thrombosis[70,71], heparin-bridging therapy with discontinuation of any anticoagulants causes 
an increased risk of delayed bleeding after surgical treatment, interventional procedures and ESD 
(gastric ESD: 10.8%-61.5%)[77-80] and does not reduce the risk of perioperative arterial thromboem-
bolism[77-79]. In fact, a meta-analysis focused on heparin-bridging therapy with discontinuation of any 
anticoagulants for ESD found an increased risk of post-ESD bleeding without any benefit for thrombosis
[81]. Another meta-analysis reported an increase in thrombosis in patients receiving heparin-bridging 
therapy with discontinuation of anticoagulants compared with those who discontinued anticoagulation 
without heparin bridging[82]. In Japan, although the updated guideline recommends discontinuing 
DOACs on the morning of ESD, most studies conducted on ESD for patients receiving DOACs have 
been retrospective and enrolled small numbers of patients (Table 5).

However, one study examined a large national database including 16977 patients receiving antico-
agulation therapy who underwent high-risk endoscopic procedures. It showed that although warfarin 
led to a significantly higher post-procedure bleeding rate than DOACs (12.0% vs 9.9%, P = 0.002), the 
post-procedure bleeding rate was not significantly different in either upper or lower gastrointestinal 
ESD between patients receiving DOACs and warfarin[83]. In sub-analyses of procedure types in 
propensity-matched patients, the gastrointestinal bleeding rate in the DOAC group was 39.6% in 
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Table 5 Delayed bleeding after endoscopic submucosal dissection in patients receiving direct oral anticoagulants

Ref. Year Country Type Organ DOAC patients Bleeding rate Non-DOAC patients Bleeding rate

Nagata et al[83] 2018 Japan Retrospective Upper GI 275 39.6% 301 (warfarin) 45.8%

Horie et al[85] 2022 Japan Retrospective Esophagus 161 13% 8692 0.3%1

Yoshio et al[88] 2017 Japan Retrospective Stomach 24 20.8% 73 (warfarin) 24.6%

Sanomura et al[89] 2018 Japan Retrospective Stomach 21 19.0% 40 (warfarin) 17.5%

Saito et al[90] 2020 Japan Retrospective Stomach 77 19.5% 66 (warfarin) 22.7%

Hatta et al[36] 2021 Japan Retrospective Stomach 253 17.0% 10,067 4.4%1

Tomida et al[84] 2021 Japan Retrospective Stomach 261 14% 467 (warfarin) 18%

Choi et al[91] 2021 Korea Retrospective Stomach 23 8.7% 1499 3.0%

Kagawa et al[37] 2022 Japan Retrospective Stomach 39 15.4% 752 4.3%1

Nagata et al[83] 2018 Japan Retrospective Lower GI 121 13.2% 111 (warfarin) 25.9%

Yamashita et al[92] 2018 Japan Retrospective Colon 9 22.0% 19 (warfarin) 26.3%

Ogiyama et al[93] 2020 Japan Retrospective Colon 43 23.3% 44 (warfarin) 11.4%

Harada et al[94] 2020 Japan Retrospective Colon 25 16.0% 26 (warfarin) 7.7%

1Included 2 endoscopic mucosal resection patients.
2Included no antithrombotic drug patients.
DOAC: Direct oral anticoagulants.

patients who received upper gastrointestinal ESD and 13.2% in those who received lower 
gastrointestinal ESD[83].

In a recent retrospective Japanese study of 261 patients with early-stage gastric cancer receiving 
DOACs, post-ESD bleeding occurred in 14% of patients, which is comparable to that in patients 
receiving warfarin (18%)[84]. Multivariate analysis demonstrated that age ≥ 65 (OR 2.96, 95%CI: 1.13-
7.73), male sex (OR 2.12; 95%CI: 1.01–4.45), receiving multiple antithrombotic agents (OR 2.70, 95%CI: 
1.74-4.21) and lesion size ≥ 20 mm (OR 1.67, 95%CI: 1.08-2.59) were independent risk factors for post-
ESD bleeding in patients taking anticoagulants, and that cessation of anticoagulants without heparin-
bridging therapy was associated with a low risk of bleeding (OR 0.32; 95%CI: 0.14–0.76). However, the 
multivariate analysis identified no significant independent increased risk factors for post-ESD bleeding 
and demonstrated that dabigatran was associated with a significantly lower risk of bleeding (OR 0.04, 
95%CI: 0.16-0.97)[84]. Further, in a nationwide multicenter retrospective study of 10320 patients, 
multivariate analysis conducted by Hatta et al[36] showed that taking anticoagulants was an 
independent risk factor for post-ESD bleeding (OR 8.16; 95%CI: 4.74-14.04). Although the number of 
patients registered in each of these previous studies is relatively small (n = 21-261), both reported post-
ESD bleeding in 8.7%-20.8% of gastric cancer patients receiving DOACs, considered to be equivalent to 
that in patients receiving warfarin (17.5%-22.7%) and higher than that in patients not receiving antico-
agulants (Table 5).

Few studies have been conducted on esophageal, duodenal and colorectal ESD in patients receiving 
DOACs. Horie et al[85] reported that the post-endoscopic resection bleeding rate in esophageal cancer 
patients receiving DOACs (14 patients received ESD and 2 patients received EMR) was significantly 
higher than that in those not receiving antithrombotic drugs [13% (95%CI: 1.6%–38%) vs 0.3% (95%CI: 
0.1%–1%), P = 0.003]. Moreover, the post-ESD bleeding rate in colorectal tumor patients receiving 
DOACs was 16.0%-23.3%, which is equivalent to that in those receiving warfarin (7.7%-26.3%) (Table 5).

Thus, despite the small number of DOAC patients who received ESD in previous studies, the post-
ESD delayed bleeding rate appears to vary among different organs in patients not receiving DOACs, but 
not in patients receiving DOACs.

FUTURE OF ESD FOR PATIENTS RECEIVING DOACS
There is no doubt that patients receiving DOACs are at higher risk of post-ESD bleeding than patients 
not taking DOACs or receiving antithrombotic drugs. As mentioned above, although examining plasma 
DOAC level and anti-Xa activity in relation to CYP metabolic enzymes or glycoprotein transporter gene 
polymorphisms may serve as predictive markers for selecting DOAC patients with higher risk of post-
ESD delayed bleeding, no studies have been conducted with such considerations. Although scoring 
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systems such as the BEST-J score are being developed to assess the risk of post-ESD delayed bleeding by 
stratifying multiple possible risk factors in clinical practice, we propose the need for a new scoring 
system that considers pharmacological parameters of DOACs, namely plasma DOAC level and anti-Xa 
activity.

DOACs is current recommended for not only patients with nonvalvular atrial fibrillation and venous 
thrombosis (VTE), but also those with cancer due to prevention of VTE by clinical guidelines[86]. 
Treatment or prophylaxis of VTE for patients with cancer must always balance the risk of incidence or 
recurrent VTE with the increased risk of major bleeding and take into consideration the consequences of 
these outcomes (including mortality, financial cost, quality of life)[86]. Developing a system that easily 
measures the anti–FXa activity and plasma level could be an important way to monitor the antico-
agulant effect of DOACs and may help physicians to treat DOAC patients receiving ESD, endoscopic 
treatment, and surgical treatment and with cancer in clinical practice.

CONCLUSION
Post-ESD delayed bleeding for gastrointestinal tumors is a major adverse event, with an incidence of 
around 5%-8% for gastric cancer and 2%-4% for esophageal, duodenum and colorectal tumors. Of the 
many risk factors for bleeding, taking anticoagulants, including DOACs, is currently the biggest. In fact, 
the post-ESD bleeding rate in DOAC patients is 13% in esophageal cancer, 8.7%-20.8% in gastric cancer 
and 7.7%-26.3% in colorectal cancer. Compared with warfarin, the anticoagulant effects of which can be 
monitored using prothrombin time and international normalized ratio tests, there is currently no 
established method for monitoring the effects of DOACs. Thus, it is important to develop simple and 
accurate methods to evaluate the pharmacokinetics (e.g., plasma DOAC level at trough and Tmax) and 
pharmacodynamics (e.g., anti-factor Xa activity) of DOACs. In the future, a scoring system that includes 
pharmacological parameters of DOACs may be useful for stratifying risk of post-ESD delayed bleeding 
in clinical practice.
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Abstract
BACKGROUND 
Gastrointestinal stromal tumor (GIST) is a common neoplasm with high rates of 
recurrence and metastasis, and its therapeutic efficacy is still not ideal. There is an 
unmet need to find new molecular therapeutic targets for GIST. TATA-box-
binding protein-associated factor 15 (TAF15) contributes to the progress of 
various tumors, while the role and molecular mechanism of TAF15 in GIST 
progression are still unknown.

AIM 
To explore new molecular therapeutic targets for GIST and understand the 
biological role and underlying mechanisms of TAF15 in GIST progression.

METHODS 
Proteomic analysis was performed to explore the differentially expressed proteins 
in GIST. Western blotting and immunohistochemical analysis were used to verify 
the expression level of TAF15 in GIST tissues and cell lines. Cell counting kit-8, 
colony formation, wound-healing and transwell assay were executed to detect the 
ability of TAF15 on cell proliferation, migration and invasion. A xenograft mouse 
model was applied to explore the role of TAF15 in the progression of GIST. 
Western blotting was used to detect the phosphorylation level and total level of 
RAF1, MEK and ERK1/2.

RESULTS 
A total of 1669 proteins were identified as differentially expressed proteins with 
762 upregulated and 907 downregulated in GIST. TAF15 was selected for the 
further study because of its important role in cell proliferation and migration. 
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TAF15 was significantly over expressed in GIST tissues and cell lines. Overexpression of TAF15 
was associated with larger tumor size and higher risk stage of GIST. TAF15 knockdown 
significantly inhibited the cell proliferation and migration of GIST in vitro and suppressed tumor 
growth in vivo. Moreover, the inhibition of TAF15 expression significantly decreased the 
phosphorylation level of RAF1, MEK and ERK1/2 in GIST cells and xenograft tissues, while the 
total RAF1, MEK and ERK1/2 had no significant change.

CONCLUSION 
TAF15 is over expressed in GIST tissues and cell lines. Overexpression of TAF15 was associated 
with a poor prognosis of GIST patients. TAF15 promotes cell proliferation and migration in GIST 
via the activation of the RAF1/MEK/ERK signaling pathway. Thus, TAF15 is expected to be a 
novel latent molecular biomarker or therapeutic target of GIST.

Key Words: Gastrointestinal stromal tumor; Proteomics; TATA-box-binding protein-associated factor 15; 
Biomarker; Cell proliferation; Cell migration

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

Core Tip: TATA-box-binding protein-associated factor 15 (TAF15) was upregulated in gastrointestinal 
stromal tumor (GIST) cells and tissues and was associated with a poor prognosis in GIST patients. TAF15 
promotes cell proliferation and migration of GIST in vitro and tumor growth in vivo via the activation of 
the RAF1/MEK/ERK signaling pathway. Therefore, TAF15 is expected to be a novel potential molecular 
biomarker or therapeutic target of GIST.

Citation: Guo CM, Tang L, Li X, Huang LY. TATA-box-binding protein-associated factor 15 is a novel biomarker 
that promotes cell proliferation and migration in gastrointestinal stromal tumor. World J Gastroenterol 2023; 
29(19): 2932-2949
URL: https://www.wjgnet.com/1007-9327/full/v29/i19/2932.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i19.2932

INTRODUCTION
Gastrointestinal stromal tumor (GIST) is a common neoplasm that arises from the mesenchymal tissue 
of the gastrointestinal tract and likely originates from the interstitial cells of Cajal[1,2]. Mutations in 
mast/stem cell growth factor receptor (KIT) and platelet-derived growth factor receptor A (PDGFRA) 
are considered the primary causes in the pathogenesis of GIST[3]. GIST most commonly occurs in the 
stomach (50%-60%) and small intestine (30%-35%) but rarely occurs in the colorectum (5%) and 
esophagus (< 1%)[4]. Previous studies have indicated that GIST accounts for roughly 0.1%-3.0% of 
gastrointestinal malignances, and 15%-50% of patients present with metastasis at the time of diagnosis
[5].

In clinical practice, GIST is liable to recur and distantly metastasize even after the initial tumor 
excision[6]. In fact, about 40% of patients develop tumor metastasis within 15 years after surgery[7], 
with a strong tendency to metastasize to the liver and peritoneal surfaces primarily and the lymph 
nodes and lung less frequently[4,8]. Based on tumor size, mitotic count, tumor site, and tumor rupture, 
the modified National Institutes of Health (NIH) consensus criteria stratifies GIST into four subgroups: 
Very low (NIH-VL), low (NIH-L), intermediate (NIH-I), and high risk (NIH-H)[9]. GIST patients with 
large sized tumors and high mitotic counts are more likely to metastasize to the liver and abdominal 
cavity and frequently have poor disease-free survival ratios[10].

Before the clinical application of imatinib, a tyrosine kinase inhibitor, surgical resection was the only 
accepted therapy that could prolong the life of GIST patients who had developed metastasis. Even then, 
the 5-year overall survival rate of patients was only 27%–34%[11]. Improved treatment with imatinib 
has been highly effective in advanced or metastatic GIST patients, and approximately 80% of them can 
reach complete or partial recovery[12,13]. Unfortunately, high rates of drug resistance due to secondary 
mutations of KIT have rendered imatinib therapy ineffective in recent years[14]. Taken together, the 
current research shows that the therapeutic efficacy of GIST treatments are still not ideal. Therefore, 
finding new molecular therapeutic targets for GIST is critical.

In this study, we implemented a proteomic analysis in GIST patients using tandem mass tag (TMT) 
labeling 10-plex kits to explore potential molecular therapeutic targets for GIST. A total of 4111 proteins 
were quantified in the GIST samples. Of these, 1669 were identified as significant differentially 
expressed proteins (DEPs), with 762 upregulated and 907 downregulated proteins. After a systematic 
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analysis of the top 10 upregulated or downregulated proteins, we selected TATA-box-binding protein-
associated factor 15 (TAF15) for further study because of its important role in cell proliferation and 
migration[15]. TAF15 is a member of the FUS/Ewing sarcoma protein (EWS)/TAF15 (FET) family of 
RNA- and DNA-binding proteins, which plays an essential role in mRNA transcription, RNA splicing 
and polyadenylation[16-18].

Previous studies have demonstrated that TAF15 can influence a large number of genes that are 
closely related to the cell cycle and cell death and that overexpression of TAF15 can promote prolif-
eration in sarcomas, human neuroblastoma and leukemia cells[17,19]. TAF15 mediates resistance to 
radiation therapy through inhibiting tumor suppressors p53 and p21, and upregulation of TAF15 is 
closely related to worsened survival in non-small cell lung cancer patients[20]. Additionally, a prior 
study has described a human anti-TAF15 antibody, PAT-BA4, that targeted a tumor-specific TAF15 
antigen and then inhibited cell adhesion and spreading in gastric cancer[21]. Moreover, in a recent 
study, TAF15 activated the mitogen-activated protein kinase (MAPK) signaling pathway by upregu-
lating the expression of MAPK6 in lung squamous cell carcinoma[22]. Taken together, TAF15 may play 
an important role in the progression of human cancers. However, the latent functions and molecular 
mechanism of TAF15 in GIST progression are still unclear and must be further studied.

MATERIALS AND METHODS
Clinical sample collection
One hundred and sixty one patients with GIST were recruited from the Department of Gastrointestinal 
Surgery, Yantai Yu Huang Ding Hospital of Qing Dao University from March 2020 to June 2022, with 
ethical permission from the Biomedical Ethics Committee (No.2019–410). All patients were diagnosed 
with GIST by two independent pathologists based on Chinese clinical guidelines[23]. No patients had 
received chemotherapy before surgery. Out of the 161 cases, 18 cases had matched tumor (T) and 
normal (N) tissue samples, and the clinicopathologic features of the paired GIST samples were 
documented in Table 1. In the remaining 143 cases, only tissue from the tumor site was available. In the 
beginning we only collected 12 matched samples, which were sent for proteomic analysis, followed by 
another 6 matched samples. All specimens were immediately frozen in liquid nitrogen within 30 min 
after excision. All patients provided written informed consent.

Protein extraction and digestion
Tissues from GIST patients were homogenized in RIPA lysis buffer containing protease inhibitors using 
a mortar and pestle. After homogenizing lightly for 1 min on ice, the lysate was centrifuged twice at 
13000 RPM for 10 min at 4 °C, and then the supernatants were transferred to a fresh tube. A BCA assay 
kit (catalog no.P0010, Beyotime Biotechnology, Shanghai, China) was used to measure the protein 
concentration of each sample. The protein content of each sample was reduced using 5 mmol/L DL-
dithiothreitol at 55 °C for 30 min. Samples were then incubated with 10 mmol/L of iodoacetamide at 
room temperature for 15 min in the dark to alkylate the protein. Each protein sample was dissolved 
using triethylammonium bicarbonate buffer and then digested overnight at 37 °C using trypsin.

TMT labeling and fractionation
Tryptic peptides from each sample were labeled with TMT (Thermo Fisher Scientific, Waltham, MA, 
United States) kits following the manufacturer’s protocol. After quenching the reaction using 5% 
hydroxylamine (Sigma-Aldrich, Saint Louis, MO, United States), the TMT-labeled peptide solution was 
fractionated using basic pH reversed phase high performance liquid chromatography through an 
Agilent Zorbax Extend C18 column (5 μm, 150 mm × 2.1 mm). The mobile phase consisted of Buffer A 
(98% water with 2% acetonitrile) and Buffer B (90% acetonitrile with 10% water). The procedure 
gradient was run as follows: 0%-8% Buffer B for 0-10 min; 8%-35% Buffer B for 10-80 min; 35%-60% 
Buffer B for 80-95 min; 60%-70% Buffer B for 95-105 min; 70%-100% Buffer B for 105-120 min. The flow 
rate was set at 1 mL/min. TMT labeled peptides were separated into 10 fractions by reversed phase high 
performance liquid chromatography.

Liquid chromatography-tandem mass spectrometry analysis
Liquid chromatography-tandem mass spectrometry (MS) analysis was conducted on a Q Exactive Mass 
Spectrometer (Thermo Scientific) coupled to an EASY-nanoLC System (Thermo Fisher Scientific). 
Peptides were loaded onto a reverse-phase C18 column (Thermo Scientific Easy Column, 10 cm long, 75 
μm inner diameter, 3μm resin) in Buffer A (0.1% formic acid) and separated with a linear gradient of 
Buffer B (84% acetonitrile and 0.1% formic acid) at a flow rate of 300 nL/min. The MS was utilized in 
positive ion mode. MS data were acquired following a data-dependent top10 method, dynamically 
selecting the most abundant precursor ions from the survey scan (300–1800 m/z). The automatic gain 
control target was set to 3e6 with maximum inject time to 10 ms. Survey scans were acquired from a 
resolution of 70000 at m/z 200 with an isolation width of 2 m/z.
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Table 1 Clinicopathologic features of the collected paired gastrointestinal stromal tumors samples

Case 
No. Sex Age in 

yr Location Tumor size length × width × height 
in cm

Mitosis count, per 50 
HFPs

Risk classification based on 
NIH

1 Male 74 Stomach 2.8 × 2.8 × 2.0 > 5 High

2 Female 24 Stomach 6.0 × 4.0 × 5.0 > 5 High

3 Male 69 Stomach 7.5 × 5.5 × 4.0 > 10 High

4 Male 46 Small 
intestine

6.5 × 5.0 × 4.0 > 5 High

5 Female 65 Small 
intestine

6.5 × 5.5 × 5.0 > 5 High

6 Female 61 Stomach 5.5 × 3.5 × 4.0 > 5 High

7 Female 49 Stomach 8.5 × 8.0 × 7.0 < 5 Intermediate

8 Male 77 Stomach 6.0 × 6.0 × 5.0 < 5 Intermediate

9 Female 54 Stomach 6.0 × 4.5 × 3.5 < 5 Intermediate

10 Female 43 Stomach 5.5 × 4.5 × 3.0 < 5 Intermediate

11 Male 70 Stomach 7.0 × 7.0 × 5.5 < 5 Intermediate

12 Female 55 Stomach 8.0 × 8.0 × 7.0 < 5 Intermediate

13 Male 63 Small 
intestine

5.0 × 3.5 × 3.0 < 5 Low

14 Male 67 Stomach 2.3 × 1.5 × 1.5 < 5 Low

15 Male 44 Stomach 3.0 × 2.7 × 1.3 < 5 Low

16 Female 49 Stomach 1.0 × 0.8 × 0.8 < 5 Very low

17 Female 66 Stomach 2.0 × 1.8 × 1.0 < 5 Very low

18 Female 57 Stomach 2.0 × 1.8 × 1.5 < 5 Very low

HPF: High-powered field; NIH: National Institutes of Health.

Data processing and analysis
Data for each sample were processed using the Swiss-Prot Homo sapiens database (20413 entries, January 
14, 2017). The parameters of the procedures were as follows: Cysteine carbamidomethylation was set to 
fixed modification; oxidation was set to variable modification; peptide mass tolerance was 20 ppm, 
trypsin digestion, max 2 missed cleavages; and the false discovery rate was less than 1%. Proteins with a 
fold change of > 1.2 or < 0.83 and a P value < 0.05 were identified as significantly upregulated or 
downregulated.

Western blotting analysis
Western blot analysis was performed using 10% sodium dodecyl sulfonate-polyacrylamide gel electro-
phoresis to separate equal amounts (25 μg/load) of protein samples. Protein samples were transferred 
onto polyvinylidenedifluoride membranes. The membranes were blocked at room temperature for 1 h 
with 5% nonfat milk in TBS-T buffer and subsequently incubated with primary antibodies at 4 °C 
overnight. Secondary antibodies were incubated for 1 hat room temperature. Protein samples were 
visualized using ECL reagents (MA0186, Meilunbio, Dalian, China) using the ChemiScope 6200 Touch 
Imaging System (CLINX, Shanghai, China). Some membranes were recycled using stripping buffer 
(SL1340, Coolaber, Beijing, China) and incubated with other primary antibodies. The primary antibodies 
were used and obtained as follows: TAF15 (1:3000, ab134916, Abcam, United States); GAPDH (1:5000, 
D110016, Sangon Biotech, Shanghai, China); RAF1 (1:500, D155090, Sangon Biotech, Shanghai, China); p-
RAF1 (1:1000, 66592-1-lg, Proteintech, Wuhan, China); MEK1/2 (1:1000, 11049-1-AP, Proteintech, 
Wuhan, China); p-MEK1 (1:1000, 28930-1-AP, Proteintech, Wuhan, China); ERK1/2 (1:1000, 16443-1-AP, 
Proteintech, Wuhan, China); and p-ERK1/2 (1:1000, 28733-1-AP, Proteintech, Wuhan, China). The 
secondary antibodies were used and obtained as follows: HRP goat anti-rabbit immunoglobulin G (IgG) 
(1:3000, D110058, Sangon Biotech, shanghai, China); and HRP goat anti-mouse IgG (1:3000, D110058, 
Sangon Biotech, Shanghai, China). Three independent tests were performed.
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Immunohistochemistry
Tissue specimens were cut into 4 μm sections and processed by deparaffinization and rehydration. 
Slides were incubated with 3% hydrogen peroxide for 20 min at room temperature to block endogenous 
peroxidase activity. Tissue sections were incubated with primary antibody TAF15 (1:100, ab134916, 
Abcam, United States) at 4 °C in a wet chamber overnight and then incubated with secondary antibody 
HRP goat anti-rabbit IgG (1:100, D110058, Sangon Biotech, Shanghai, China) for 1 h in a wet chamber at 
room temperature. Color was developed using diaminobenzidine and hematoxylin. Two independent 
pathologists evaluated the samples by randomly selecting and evaluating five × 400 microscopic fields 
per slide. The percentage of stained tumor cells was scored as follows: 0, < 5% positive cells; 1, 5%-24% 
positive cells; 2, 25%-49% positive cells; 3, 50%-74% positive cells; and 4, ≥ 75% positive cells. The 
staining intensity was scored as follows: 0 for absence; 1 for weak; 2 for moderate; and 3 for strong. The 
total stained index was equivalent to intensity score × positive score. A total score ≥ 4 was considered 
positive expression, and < 4 was treated as negative expression.

Cell lines and culture
GIST-882 and GIST-T1 cell lines were obtained from the Shanghai Cancer Institute, and GIST-48 cell 
lines were kindly provided by Professor Jonathan Fletcher (Harvard Medical School, United States). 
GIST-882 and GIST-T1 cells were cultured with RPMI 1640 medium (Gibco, United States), and GIST-48 
cells were cultured with DMEM (BioInd, Israel). Both medium preparations contained 10% fetal bovine 
serum (FBS) (Gibco, United States) and 1% penicillin-streptomycin in a humidified incubator at 37 °C 
with 5% CO2.

Cell transfection
The lentivirus for knocking down TAF15 (shRNA1, shRNA2, shRNA3) and control scrambled lentivirus 
(sh-scrambled) were purchased from Genomeditech (Shanghai, China). GIST-882 and GIST-T1 cells 
were seeded in a 12-well plate(Corning Life Sciences) at 1 × 105 cells per well, and the transfection was 
performed when the cell density reached about 50%. Cells were cultured in fresh medium after being 
infected with lentivirus for 72 h. The multiplicity of infection of lentivirus to GIST-882 and GIST-T1 was 
30. Stable cell lines were generated through selection with puromycin (2 μg/mL). Transfection efficiency 
was detected using western blot analysis.

Cell immunofluorescence
Transfected cells were cultured in 12-well plates. When the cell density reached 50%-65%, cells were 
fixed using 4% paraformaldehyde for 30 min to make slides. 0.5% Triton X-100 was added to slides to 
allow for cell penetration, and 10% goat serum was used to block cells for 2 h at room temperature. 
Slides were then incubated with the TAF15 primary antibody (1:500, ab134916, Abcam, United States) at 
4 °C overnight and then incubated with secondary antibodies for 1 h at room temperature. DAPI was 
used to stain the cell nuclei, and images were photographed using a fluorescent microscope. The 
fluorescent intensity of cells were measured using Image J software (version 3.2.0.8).

Cell counting kit-8 assay and colony formation assay
The cell counting kit (CCK)-8 (Dojindo, Tokyo, Japan) assay was performed according to the 
manufacturer’s instructions. Briefly, different groups of cells were seeded onto 96-well plates at 1 × 103 
cells per well. The CCK-8 reagent was added (10 μL/well) into the individual wells during the last hour. 
A microplate reader (Bio-Rad) was used to measure the optical density of the samples at 450 nm, as a 
measure of cell proliferation. With respect to the colony formation assay, different groups of cells were 
cultured in 6-well plates (500 cells/well) for 2 wk. Cell colonies were fixed with 4% paraformaldehyde 
for 30 min and stained with 1% crystal violet for 15 min at the room temperature. Colonies consisting of 
50 or more cells were counted.

Transwell experiment
GIST-882 and GIST-T1 cells (3 × 104 cells/well) were inoculated into the upper polycarbonate membrane 
chambers of a 12-well plate without FBS, while the lower chamber contained RPMI 1640 medium with 
10% FBS. To detect the cell invasion ability, matrix gel was in advance added to the polycarbonate 
membrane chambers. After being cultured for 48 h, the cells attached to the lower side were fixed with 
4% paraformaldehyde for 30 min and stained with 1% crystal violet for 15 min at the room temperature. 
Five fields were selected randomly to count using an inverted microscope.

Wound healing assay
GIST-882 and GIST-T1 cells were cultured up to 90% confluency and then serum-starved for 12 h. The 
cell monolayer was scratched using a 1 mL plastic pipette tip. Culture medium was used to wash away 
the cell debris twice, and then cells were incubated in respective culture medium containing 10% FBS. 
Samples were photographed at 0 h, 12 h and 24 h post scratch using an Olympus microscope. The 
percentage of wound healing was evaluated using Image J software.
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Modeling of GIST xenografts in nude mice
Nude mice aged 4 wk were purchased from the Beijing Vital River Laboratory Animal Technology Co., 
Ltd (Beijing, China). All animal care and processing were performed according to the Institutional 
Animal Care and Use Committee of Qingdao University guidelines. Twenty mice were divided 
randomly into two groups (10 mice per group) and then subcutaneously injected in the axillary region 
with stable cells (2 × 106 cells) transfected with sh-TAF15 or sh-scrambled. The volume (volume = length 
× width × width/2) of tumors were measured every 2 d. The mice were humanely sacrificed using the 
cervical dislocation method after anesthesia with 0.7% sodium pentobarbital. Tumor tissues were then 
excised, photographed and weighed.

Statistical analysis
Statistical analyses were performed using GraphPad Prism 9.3.1. The data analyses were conducted 
using Student's t-test, χ2 test, one-way analysis of variance or Mann-Whitney U test. Data were 
expressed as mean ± standard deviation. P < 0.05 was considered statistically significant, and 
significance was indicated in each graph.

RESULTS
Quantification of DEPs by TMT
In total, 4111 proteins were quantified with a false discovery rate < 0.01 in all 12 GIST matched samples. 
Of these, 1669 were identified as significant DEPs on the basis of the filtering criteria of fold change > 1.2 
or < 0.83 and P value < 0.05, including 762 upregulated proteins and 907 downregulated proteins 
(Figure 1A and Supplementary Table 1). Notably, the key proteins used for diagnosing GIST, including 
KIT, DOG1 and hematopoietic progenitor cell antigen CD34 (CD34), were all contained in the 
upregulated protein category (Supplementary Table 1), suggesting that our proteomic data were 
reliable. Moreover, 667, 686, 840 and 974 significant DEPs were identified in the NIH-H, NIH-I, NIH-L 
and NIH-VL subgroups, respectively (Figure 1B and Supplemental Table 2). After our systematic 
analysis of the top 10 upregulated and downregulated proteins (Table 2), we decided to focus on the 
protein TAF15 due to its important role in cell proliferation and migration.

Identification of TAF15 by western blotting analysis
Western blotting was used to further identify the expression levels of TAF15 in GIST. We detected the 
extracted proteins from tumor tissues (T) and matched normal tissues (N) of 18 GIST patients, including 
6 NIH-H, 6 NIH-I, 3 NIH-L, and 3 NIH-VL cases. The results showed that the expression levels of 
TAF15 were significantly increased in tumor tissues compared with matched normal tissues (Figure 1C 
and D), which were in agreement with the results of our quantitative proteomics analysis (Table 2 and 
Supplemental Table 2).

Validation of TAF15 expression by immunohistochemical analysis
We evaluated the expression level of TAF15 in GIST patients using immunohistochemical (IHC) 
analysis of tumor tissues (T) from 161 patients and 18 matched normal tissues (N). We found 
significantly higher levels of expression of TAF15 in tumor tissues compared to matched normal tissues 
(red arrows, Figure 1E and F, Supplemental Table 3). Moreover, subgroup analyses showed that the 
expression level of TAF15 was significantly higher in the NIH-H subgroup than in the NIH-I, NIH-L 
and NIH-VL subgroups and that the expression level of TAF15 was significantly higher in the NIH-I 
subgroup than the NIH-VL subgroup (Figure 1G and Supplemental Table 3). We found no significant 
difference in the expression of TAF15 between the NIH-L and NIH-VL subgroups and between the 
NIH-I and NIH-L subgroups. Furthermore, based on our IHC data, we found that the overexpression 
level of TAF15 was positively correlated with tumor size and GIST risk stage but was not significantly 
correlated with gender, age or tumor metastasis (Table 3). These results provided evidence that the 
higher expression of TAF15 may contribute to malignant progression of GIST and that TAF15 may be a 
latent promoter or biomarker of GIST.

Knockdown of TAF15 inhibited the proliferation and migration of GIST cells
In order to understand the real role of TAF15 in GIST progression, short-hairpin RNAs (shRNAs) were 
used to knock down TAF15 in GIST-882 and GIST-T1 cells. GIST-882 and GIST-T1 cells were used 
instead of GIST-48 cells, as the expression level of TAF15 was higher in the former cell lines (Figure 2A). 
Three shRNAs targeting TAF15 (sh1, sh2 and sh3) were applied to knock down TAF15 protein. The 
results showed that sh2 and sh3 could significantly reduce the expression of TAF15 when compared to 
scrambled shRNA (scr), as tested by western blotting analysis (Figure 2B and C) and cell immunofluor-
escence assays (Figure 2D and E). Therefore, sh2 and sh3 were used to perform further experiments.

https://f6publishing.blob.core.windows.net/dfed79a3-5ba1-43d9-a111-5791ac5659fd/WJG-29-2932-supplementary-material.zip
https://f6publishing.blob.core.windows.net/dfed79a3-5ba1-43d9-a111-5791ac5659fd/WJG-29-2932-supplementary-material.zip
https://f6publishing.blob.core.windows.net/dfed79a3-5ba1-43d9-a111-5791ac5659fd/WJG-29-2932-supplementary-material.zip
https://f6publishing.blob.core.windows.net/dfed79a3-5ba1-43d9-a111-5791ac5659fd/WJG-29-2932-supplementary-material.zip
https://f6publishing.blob.core.windows.net/dfed79a3-5ba1-43d9-a111-5791ac5659fd/WJG-29-2932-supplementary-material.zip
https://f6publishing.blob.core.windows.net/dfed79a3-5ba1-43d9-a111-5791ac5659fd/WJG-29-2932-supplementary-material.zip
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Table 2 The top 10 upregulated and downregulated proteins

Category Accession Protein name FC,T vs N P value

P29400 COL4A5 3.129881192 0.001086699

O94772 LY6H 2.995133385 0.012292301

P05204 HMGN2 2.92528705 2.10765E-07

O00479 HMGN4 2.900071252 3.22924E-09

P20930 FLG 2.87152332 0.002555182

P52926 HMGA2 2.687785701 0.008942412

Q6UX72 B3GNT9 2.576105848 4.91404E-09

Q92804 TAF15 2.456058544 1.54458E-05

O95081 AGFG2 2.441304592 2.93054E-06

Up

P09936 UCHL1 2.157884674 7.498E-07

Q96BQ1 FAM3D 0.225135868 0.022611851

Q5DID0 UMODL1 0.242287446 0.00020958

P25815 S100P 0.267045455 3.77116E-06

P13640 MT1G 0.274242 0.0028833

P42330 AKR1C3 0.290893518 6.40059E-07

Q9UBU3 GHRL 0.293081189 0.000379102

Q9NS71 GKN1 0.311488849 6.5931E-06

O95994 AGR2 0.330784665 9.59846E-06

P19075 TSPAN8 0.350779233 7.40703E-09

Down

P55087 AQP4 0.352590936 0.035544439

T: Tumor tissues; N: Matched tumor normal tissues; FC: Fold change.

The results of the CCK-8 assay and the colony formation assay indicated that TAF15 knockdown (sh2 
and sh3) exhibited a significant decrease in proliferative and colony forming ability in GIST-882 and 
GIST-T1 cells when compared with the scr (Figure 3A-D). Transwell assay showed that the sh-TAF15 
group (sh2 and sh3) exhibited significantly weaker migratory abilities compared to the scr in GIST-882 
and GIST-T1 cells (Figure 3E and F). However, there was no significant difference in the invasion ability 
of GIST-882 and GIST-T1 cells between the sh-TAF15 group (sh2 and sh3) and sh-scrambled group 
(Figure 3G and H). The results of the wound healing assay also showed that migratory abilities 
significantly decreased in the sh-TAF15 group (sh2 and sh3) compared to the scr in GIST-882 and GIST-
T1 cells (Figure 3I-K). These findings indicated that TAF15 knockdown can significantly inhibit GIST 
cell proliferation and migration.

TAF15 promoted GIST progression by activating the RAF1/MEK/ERK signaling pathway
Previous studies have shown that EWS, one of the members of the FET family proteins, forms a fusion 
oncoprotein EWS-FLI1 whose expression leads to the activation of ERK1/2 signaling in zebrafish 
embryos and adult tumors[24]. In consideration of the important role of the ERK signaling pathway in 
many human tumors[25], we speculated that TAF15 could promote cell proliferation and migration 
directly through the activation of the ERK signaling pathway in GIST. Therefore, we assessed the 
phosphorylation level of RAF1, MEK and ERK1/2 in GIST-882 and GIST-T1 by western blotting. The 
results showed that the phosphorylation levels of RAF1, MEK and ERK1/2 were significantly decreased 
following TAF15 knockdown (sh2 and sh3). However, there was no significant change in levels of total 
RAF1, MEK and ERK1/2 (Figure 4). Collectively, these findings suggest that TAF15 may promote cell 
proliferation and migration through the activation of the RAF1/MEK/ERK signaling pathway in GIST.

TAF15 promoted the growth of GIST in vivo
To further confirm the role of TAF15 in the progression of GIST, we established a xenograft mouse 
model utilizing GIST-882 cells due to their enhanced proliferative and migratory ability. sh2 was used in 
this experiment because of its higher knockdown efficiency, with scr as a control. Twenty nude female 
mice were randomly divided into two groups, and each mouse was then subcutaneously injected with 
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Table 3 Correlation between the expression of TATA-box-binding protein-associated factor 15 and clinicopathological characteristics in 
gastrointestinal stromal tumors

TAF15 expression
Characteristics

Negative Positive
P value

Total number 31 130

Sex 0.2730a

Male 16 (9.9) 53 (32.9)

Female 15 (9.3) 77 (58.7)

Age in yr 0.8228a

≤ 60 15 (9.3) 60 (37.2)

> 60 16 (9.9) 70 (43.5)

Tumor size 

Maximum diameter in cm

≤ 5 29 (18.0) 74 (46.0) 0.0001a

> 5 2 (1.2) 56 (34.8)

GIST risk stage 0.0021b

Very low risk 15 (9.3) 30 (18.6)

Low risk 11 (6.8) 31 (19.3)

Intermediate risk 3 (1.9) 29 (18.0)

High risk 2 (1.2) 40 (24.8)

Metastasis 0.1316a

- 31 (19.3) 121 (75.2)

+ 0 (0.0) 9 (5.6)

aP values were calculated by χ2 test.
bP values were calculated by Mann-Whitney U test.
Total patients of 161. Data are presented as n(%). TAF15: TATA-box-binding protein-associated factor 15; GIST: Gastrointestinal stromal tumor.

either sh2 or scr cells. Unfortunately, one mouse in the scr group died on day 7 post-injection for an 
unknown reason. Ten days after injection, xenograft tumors in the remaining mice were detectable. The 
results showed that TAF15 knockdown significantly suppressed tumor growth and tumor weight 
(Figure 5A-C). Furthermore, western blotting analysis was used to confirm the level of TAF15 in the 
xenograft tumors. The results showed that the levels of TAF15 were significantly decreased in the sh2 
group compared to the scr group (Figure 5D and E). Additionally, three xenograft tumors of the sh2 
group and three xenograft tumors of the scr group were randomly selected to test the levels of RAF1, 
MEK and ERK1/2 by western blotting. The results indicated that the phosphorylation levels of RAF1, 
MEK and ERK also decreased significantly in the sh2 group, while the levels of total RAF1, MEK and 
ERK showed no significant change (Figure 5F-I). These data indicated that TAF15 may promote the 
growth of GIST in vivo via the activation of the RAF1/MEK/ERK signaling pathway.

DISCUSSION
KIT and PDGFRA mutations are considered to be two major factors in GIST pathogenesis[3,26], and 
drugs targeting KIT and PDGFRA pathways have achieved great success in the treatment of this disease
[27,28]. However, GIST patients gradually become resistant to current targeted drug treatment in recent 
years[14,28]. Therefore, there is an unmet need to explore other latent targets.

An increasing number of biomarkers or targets have been reported to be important to GIST 
progression. For example, p53 is a biomarker and potential target in GIST; targeting the p53 pathway is 
a novel additional treatment strategy for GIST[29]. High expression of carbohydrate antigen 125 is an 
independent risk factor for GIST progression, and it is a significant biomarker in the overall 
management of GIST patients[30]. Brain-derived neurotrophic factor is over expressed in high-risk GIST 
patients, and it may serve as a significant prognostic factor[31].In the present study, proteomic analysis 
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Figure 1 Differentially expressed proteins in gastrointestinal stromal tumor samples. A: Proteomic analysis identified the differentially expressed 
proteins in gastrointestinal stromal tumor (GIST) patients; B: Venn diagram showed the number of identified differentially expressed proteins in the subgroups of 
GIST; C and D: Western blotting identified that the expression level of TATA-box-binding protein-associated factor 15 (TAF15) was significantly increased in tumor 
tissues compared with matched normal tissues in all 18 GIST samples. P values were calculated using the Student’s t-test; E: Immunohistochemical analysis verified 
the expression of TAF15 using 161 GIST tumor tissues and 18 matched normal tissues (representative images are shown and red arrows indicate positive staining); 
F: Total immunostaining score of TAF15 protein in tumor tissues and matched normal tissues of GIST; G: Total immunostaining score of TAF15 proteins in the GIST 
subgroup. P values were calculated using the Student’s t-test or one-way analysis of variance. bP < 0.01. NS: No significance between groups; NIH-H: National 
Institutes of Health high risk; NIH-I: National Institutes of Health intermediate risk; NIH-L: National Institutes of Health low risk; NIH-VL: National Institutes of Health 
very low risk; IHC: Immunohistochemical; T: Tumor tissues; N: Normal tissues; FC: Fold change; TAF15: TATA-box-binding protein-associated factor 15.
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Figure 2 The knockdown efficiency of short hairpin-TATA-box-binding protein-associated factor 15 in gastrointestinal stromal tumor cell 
lines. A: Western blotting to detect the expression level of TATA-box-binding protein-associated factor 15 (TAF15) in gastrointestinal stromal tumor(GIST) cell lines. 
P values were calculated by one-way analysis of variance; B and C: TAF15 was knocked down using three short hairpin (sh) RNAs (sh1, sh2, and sh3) and 
scrambled shRNA (scr) as control in GIST-882 and GIST-T1 cells. The results showed that sh2 and sh3 could reduce the expression level of TAF15 significantly 
when compared to scr as tested by western blotting analysis; D and E: The fluorescence intensity of TAF15 in sh2 and sh3 was reduced significantly when compared 
to scr in GIST-882 and GIST-T1 cells as tested by a cell immunofluorescence assay. P values were calculated using the Student’s t-test. aP < 0.05, bP < 0.01. NS: No 
significance between groups; GIST: Gastrointestinal stromal tumor; TAF15: TATA-box-binding protein-associated factor 15; sh1: shRNA1 targeting TATA-box-binding 
protein-associated factor 15; sh2: shRNA2 targeting TATA-box-binding protein-associated factor 15; sh3: shRNA3 targeting TATA-box-binding protein-associated 
factor 15; scr: Scrambled shRNA.



Guo CM et al. TAF15 promotes GIST progression

WJG https://www.wjgnet.com 2942 May 21, 2023 Volume 29 Issue 19

Figure 3 TATA-box-binding protein-associated factor 15 regulated the proliferation and migration of gastrointestinal stromal tumor cells. 
A and B: Cell counting kit-8 assay was performed to detect the proliferation of gastrointestinal stromal tumor (GIST)-882 and GIST-T1 after cell transfection. P values 
were calculated using the Student’s t-test; C and D: A colony formation assay identified the proliferative ability of GIST-882 and GIST-T1 after cell transfection. 
Statistical analyses were performed using the Student’s t-test; E-H: A transwell assay was performed to analyze the migratory and invasive ability of GIST-882 and 
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GIST-T1 cells after transfection. P values were calculated using the Student’s t-test; I-K: A wound healing assay was conducted to confirm the migratory ability of 
GIST-882 and GIST-T1 cells after transfection. P values were calculated using the Student’s t-test. aP < 0.05, bP < 0.01. GIST: Gastrointestinal stromal tumor; NS: No 
significance between groups; sh2: shRNA2 targeting TATA-box-binding protein-associated factor 15; sh3: shRNA3 targeting TATA-box-binding protein-associated 
factor 15; scr: Scrambled shRNA; CCK8: Cell counting kit-8.

Figure 4 TATA-box-binding protein-associated factor 15 promoted the proliferation and migration of gastrointestinal stromal tumor cells 
by activating the RAF1/MEK/ERK pathway. A: Western blotting analysis detected the protein level of pRAF1/RAF1, pMEK/MEK and pERK/ERK in 
gastrointestinal stromal tumor (GIST)-882 and GIST-T1 after cell transfection; B-D: The phosphorylation levels of RAF1, MEK and ERK1/2 were significantly 
decreased inshRNA2 targeting TATA-box-binding protein-associated factor 15 and shRNA3 targeting TATA-box-binding protein-associated factor 15 when compared 
to the scrambled shRNA in GIST cell lines. Statistical analyses were executed by the Student’s t-test. bP < 0.01. GIST: Gastrointestinal stromal tumor; sh2: shRNA2 
targeting TATA-box-binding protein-associated factor 15; sh3: shRNA3 targeting TATA-box-binding protein-associated factor 15; scr: Scrambled shRNA.

was performed in patients with GIST to explore the potential molecular biomarkers for prediction, early 
diagnosis or treatment.

A total of 4111 quantified proteins with 1669 DEPs (762 upregulated and 907 downregulated proteins) 
were revealed in our study. Among the top 10 DEPs identified, TAF15 was interesting due to its key role 
in promoting growth in other human tumors such as extraskeletalmyxoid sarcomas, leukemia, Ewing’s 
sarcomas, human neuroblastoma and lung squamous cell carcinoma[15,17,19,20,32]. TAF15 was first 
reported as an RNA or DNA binding protein, while more recent studies have shown that TAF15 also 
plays important roles in cellular stress responses, cell spreading and cell adhesion[33,34]. GAS5 binding 
to TAF15 could upregulate expression of HIF1A,thus promoting wound healing in diabetic foot ulcers
[35].

We believe our study is the first to confirm that TAF15 is over expressed in GIST tissues and cell lines 
and that high expression levels of TAF15 are positively correlated with tumor size and GIST risk stage. 
Previous studies have shown that the inhibition of TAF15 expression could significantly reduce cellular 
proliferation in melanoma and lung cancer[20,21]. Similarly, our study demonstrated that TAF15 
knockdown could significantly inhibit proliferation and migration of GIST cells in vitro and suppress 
tumor growth in vivo. These data provided evidence that overexpression of TAF15 may contribute to the 
malignant progression of GIST.

The latent molecular mechanism of TAF15 in GIST was also first investigated in this study. Previous 
studies have shown that FET family proteins are mainly present in the nucleus[34], but it is now known 
that they also shuttle between the nucleus and cytoplasm[36-38]. They have an extensive functionality 
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Figure 5 TATA-box-binding protein-associated factor 15 suppressed tumor growth of gastrointestinal stromal tumor cells in vivo. A-C: The 
volumes and weights of tumors in the shRNA2 targeting TATA-box-binding protein-associated factor 15 group were significantly smaller than the scrambled shRNA 
group. Statistical analyses were performed using the Student’s t-test; D and E: Western blotting analysis was used to confirm the expression levels of TATA-box-
binding protein-associated factor 15 in xenograft tumors; F-I: Western blotting analysis confirmed the protein levels of pRAF1/RAF1, pMEK/MEK and pERK/ERK in 
xenograft tumors. P values were calculated using the Student’s t-test. aP < 0.05, bP < 0.01. TAF15: TATA-box-binding protein-associated factor 15; sh2: shRNA2 
targeting TATA-box-binding protein-associated factor 15; scr: Scrambled shRNA.
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Figure 6 A schematic diagram of the mechanism of action of TATA-box-binding protein-associated factor 15 in gastrointestinal stromal 
tumors. TATA-box-binding protein-associated factor 15 shuttles between the nucleus and cytoplasm and promotes proliferation and migration of gastrointestinal 
stromal tumor cells by activating the RAF1/MEK/ERK pathway. TAF15: TATA-box-binding protein-associated factor 15.

including regulation and interaction with various proteins[39,40]. Moreover, recent work demonstrated 
that EWS-FLI1 fusion protein expression leads to activation of ERK1/2 signaling in zebrafish embryos 
and adult tumors[24]. Additionally, it is well known that the RAF/MEK/ERK signaling pathway plays 
an essential role in promoting cellular proliferation and survival[41].

In our study, we found TAF15 knockdown could significantly decrease the phosphorylation levels of 
RAF1, MEK and ERK, without significantly changing the total amounts of RAF1, MEK and ERK in GIST 
cell lines and xenograft tumors. Similarly, TAF15 is involved in the promotion of cell proliferation, 
migration and invasion of lung squamous cell carcinoma by activating the MAPK signaling pathway
[22]. These results suggested that the activation of the ERK pathway may represent a new function of 
the TAF15 protein beyond DNA binding, mRNA splicing and mRNA transport. Taken together, these 
findings suggested that TAF15 shuttles between the nucleus and cytoplasm and may promote cell 
proliferation and migration directly through the activation of the RAF1/MEK/ERK signaling pathway 
in GIST (Figure 6). These observations greatly extend the functional repertoire of TAF15.

However, due to difficulty of obtaining matched tumor tissues after surgery[23], the number of 
paired samples used in this study for proteomic analysis, western blotting and IHC were small. Thus, 
we acknowledge that the accuracy of the proteomic analysis, western blotting and IHC in this research 
may be affected by the sample size and that the statistical analyses may be less robust due to the small 
sample size. Further studies will help validate some of the important and interesting findings of this 
study in larger GIST cohorts when available. Additional roles of TAF15 in GIST remain to be explored, 
as hundreds of genes lie downstream of TAF15[42].

CONCLUSION
In summary, this study utilized a proteomic analysis to find new molecular therapeutic targets for GIST 
and analyzed the expression level and underlying biological functions of TAF15 in GIST. Moreover, our 
study may be the first to demonstrate that TAF15 expression may contribute to malignant progression 
of GIST. TAF15promoted cell proliferation and migration in GIST via the RAF1/MEK/ERK signaling 
pathway. Therefore, TAF15 is expected to be a novel latent molecular biomarker or therapeutic target of 
GIST.
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ARTICLE HIGHLIGHTS
Research background
Gastrointestinal stromal tumors (GIST) are a common neoplasm with high rates of recurrence and 
metastasis, and its therapeutic efficacy is still not ideal. There is an unmet need to find new molecular 
therapeutic targets for GIST. TATA-box-binding protein-associated factor 15 (TAF15) contributes to the 
progress of various tumors, while the role and molecular mechanism of TAF15 in GIST progression are 
still unknown.

Research motivation
To explore the novel early diagnostic markers or therapeutic targets for the diagnosis and treatment of 
GIST.

Research objectives
To investigate new molecular therapeutic targets for GIST and explore the role and potential molecular 
mechanism of TAF15 in GIST progression.

Research methods
Proteomic analysis was performed to explore the differentially expressed proteins in GIST. Western 
blotting and immunohistochemical analysis were used to verify expression levels of TAF15 in GIST 
tissues and cell lines. Cell counting kit-8, colony formation, transwell, wound healing and western 
blotting assays were applied to explore the effect and the molecular mechanism of TAF15 in GIST. The 
role of TAF15 in vivo was confirmed using a xenograft mouse model assay.

Research results
A total of 1669 proteins were identified as differentially expressed proteins with 762 upregulated and 
907 downregulated in GIST. TAF15 was significantly upregulated in GIST tissues and cell lines. Overex-
pression of TAF15 was associated with larger tumor size and higher risk stage of GIST. TAF15 
knockdown suppressed proliferation and migration of GIST cells in vitro and inhibited the growth of 
GIST in vivo. Moreover, the inhibition of TAF15 expression significantly decreased the phosphorylation 
level of RAF1, MEK and ERK1/2 in GIST cells and xenograft tissues, while the total levels of RAF1, 
MEK and ERK1/2 had no significant changes.

Research conclusions
TAF15 may contribute to malignant progression of GIST and promote cell proliferation and migration in 
GIST via the activation of the RAF1/MEK/ERK signaling pathway.

Research perspectives
TAF15 is expected to be a novel latent molecular biomarker or therapeutic target of GIST.
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Abstract
BACKGROUND 
Helicobacter pylori (H. pylori) is a significant human pathogen that is responsible for 
a variety of illnesses, including mucosa-associated lymphoid tissue lymphoma, 
gastric cancer, peptic ulcers, and gastritis.
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To investigate the frequency of H. pylori infection and its resistance patterns among Egyptian 
patients and to determine the influence of H. pylori virulence genetic determinants on the 
eradication success of 14-d triple therapy regimen.

METHODS 
H. pylori infections were investigated in 72 patients with gastroduodenal complications suggestive 
of H. pylori infection. The cagA and vacA genotypes of cultured strains were studied using 
polymerase chain reaction. The patients underwent 14 d of triple-therapy treatment. The treatment 
response was examined using histology and a rapid urease test 6 wk after therapy discontinuation.

RESULTS 
The intention-to-treat eradication rate was 59.2% (95%CI: 48.2%–70.3%). Rates of H. pylori 
resistance to clarithromycin, amoxicillin, and metronidazole were 52.8%, 81.9%, and 100%, 
respectively. Successful eradication of H. pylori was more significantly associated with vacA s1-
positive strains [adjusted odds ratio (aOR) = 0.507, 95%CI: 0.175–0.822]. A significant association 
was found between failed eradication rate and H. pylori strains resistant to clarithromycin (aOR = 
0.204, 95%CI: –0.005 to 0.412) and amoxicillin (aOR = 0.223, 95%CI: 0.026–0.537).

CONCLUSION 
This study’s low H. pylori eradication rate following 14-d triple therapy is concerning and 
worrying. H. pylori pan-resistance to metronidazole followed by the high resistance to 
ciprofloxacin, amoxicillin, and clarithromycin in this research is challenging and of great concern.

Key Words: Helicobacter pylori; Eradication therapy; Virulence; Clarithromycin resistance; cagA gene; vacA 
gene

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

Core Tip: In this study, 72 patients with Helicobacter pylori infections were investigated. Half of the 
Helicobacter pylori strains had the cagA gene, and more than half of the strains were resistant to 
antibiotics except tetracycline and clarithromycin (CLR). However, CLR and tetracycline were effective at 
higher doses to achieve effective eradication by the CLR-based therapy. Most importantly, this study 
demonstrated that an alternative therapeutic regimen should be adopted to achieve effective infection 
eradication in Egypt.

Citation: Asaad AM, El-Azab G, Abdelsameea E, Elbahr O, Kamal A, Abdel-Samiee M, Abdelfattah A, Abdallah 
H, Maher D, El-Refaie A, Ghanem SE, Ansari S, Awad SM. Susceptibility patterns and virulence genotypes of 
Helicobacter pylori affecting eradication therapy outcomes among Egyptian patients with gastroduodenal diseases. 
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URL: https://www.wjgnet.com/1007-9327/full/v29/i19/2950.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i19.2950

INTRODUCTION
Helicobacter pylori (H. pylori) is a prominent human pathogen and is responsible for a variety of diseases, 
such as mucosa-associated lymphoid tissue lymphoma, duodenal or peptic ulcer, gastritis, and gastric 
cancer[1,2]. As a result of its causative relationship to gastric adenocarcinoma, the World Health 
Organization has identified this pathogen as a class I carcinogen[3]. According to the global estimate, H. 
pylori infects roughly 4.4 billion people with prevalence rates ranging from 20%-90% in developed and 
underdeveloped nations, accordingly[2].

Pathologically, the existence of gastric mucosa inflammatory changes in areas with abundant H. pylori 
organisms together with the pathognomonic existence of either lymphoid aggregates and/or follicles 
with germinal centers and neutrophilic infiltration constitutes the definition of chronic H. pylori gastritis
[2,3].

Previous epidemiological research has produced a long list of microbial virulence factors that have a 
crucial role in H. pylori colonization, persistence, serotype/genotype diversity, host immune responses, 
pathogenicity, and disease severity. These factors involve the outer inflammatory protein (oipA) gene, 
the cytotoxin-associated gene (cagA), the vacuolating cytotoxin gene (vacA), the babA2 adhesin gene, the 
epithelium gene A (iceA), and the duodenal ulcer-promoting gene (dupA)[4-7].

https://www.wjgnet.com/1007-9327/full/v29/i19/2950.htm
https://dx.doi.org/10.3748/wjg.v29.i19.2950
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The variability of H. pylori strains is believed to be related to the genetic structural diversity with 
associated polymorphic arrangements of different virulence determinant genes[4]. For example, the 
vacA gene, which encodes a vacuolating toxin, is found in the vast majority of H. pylori strains and is an 
important virulence factor. Because of sequence variability in the middle region (m), m1 and m2 alleles, 
signal region (s), s1 or s2 alleles, and the intermediate region I subtypes 1 or 2, notable diversity in the 
vacuolating activity of different strains is found. iceA1 and iceA2 are two major alleles of the iceA gene, 
which is another example of microbial genetic variation[8].

Triple therapy for 14 d with proton pump inhibitors and a mixture of two antibiotics, clarithromycin 
(CLR) and amoxicillin (AMX) or metronidazole (MNZ) is the standard treatment for H. pylori infections
[9,10]. CLR is the preferred antibiotic in areas in which resistance to this antibiotic is < 15%[10]. 
However, the continuous surge in antimicrobial resistance, including CLR-resistance, has been 
accompanied by a failure to eradicate H. pylori infections in a significant proportion of cases worldwide. 
The prevalence of H. pylori resistance to CLR ranges from 11.1% in Europe to 92.3% in Africa, reaching 
18.9% in Asia and 29.3% in America as described in clinical reports[11-13].

Only a few studies addressing H. pylori infections, pathogenicity, and epidemiology among Egyptian 
patients are available. Besides, data regarding H. pylori resistance to CLR is scarce. Therefore, this 
research aimed to determine the H. pylori infection frequency and its resistance patterns among 
Egyptian patients and to determine the influence of H. pylori virulence genetic determinants on the 
eradication success of a 14-d triple therapy regimen.

MATERIALS AND METHODS
This cross-sectional observational study was completed from August 2021 to June 2022 at the National 
Liver Institute (NLI), a 760-bed tertiary care hospital in Shebin El-Kom, Egypt. The research adhered to 
the Helsinki Declaration principles and received ethical approval from the ethics NLI research 
committee, No. 00308/2022. Written consent was obtained from all participants. The research followed 
the international principles of strengthening the reporting of observational studies in epidemiology[14]. 
During the research period, 86 adult cases with different dyspepsia symptoms (vomiting, epigastric, 
abdominal pain, and/or heartburn) and/or other symptoms indicative of H. pylori infection and likely 
to require H. pylori eradication therapy were enrolled in this research.

All cases provided a medical history and underwent a physical examination, a quick urease test, and 
inspection of the esophagus, stomach, and duodenum using an upper endoscopy.

Endoscopy
Under topical lignocaine anesthesia, each patient underwent an upper gastrointestinal endoscopy 
(Olympus X Q40; Olympus Optical, Tokyo, Japan). Each patient’s antrum and stomach corpus were 
biopsied during the endoscopy to obtain two sets of biopsy samples. The first set of biopsies was 
utilized for a rapid urease test utilizing a rapid urease test kit (CLO test; Kimberly-Clark Ltd., Draper, 
UT, United States). Three hours later, the second set was transferred on ice to the laboratory for bacteri-
ological culture after being packed in 3 mL of sterile normal saline. For histopathological analysis, the 
third specimen was immediately fixed in 10% formalin. The fourth section was added to a buffered 
solution (10 mmol/LTris, pH 8, 10 mmol/L ethylenediaminetetraacetic acid, and 0.5% sodium dodecyl 
sulfate) and then frozen at –80 °C for DNA extraction and polymerase chain reaction (PCR) assays. H. 
pylori was diagnosed using three techniques: (1) H. pylori culture; (2) Histopathology using hematoxylin 
and eosin and Giemsa staining; and (3) Rapid urease test. At baseline, a patient was considered H. pylori
-positive if he had a positive culture or rapid urease test that was validated by histological features 
(foveolar-neutrophilic infiltration, lymphoid follicles and/or aggregates, and verified positive Giemsa 
stained I rods). Six weeks after the triple therapy cessation, a second gastrointestinal endoscopy was 
completed to determine and confirm the presence of H. pylori and whether or not the duodenal ulcer 
had been successfully cured. Eradication was defined as the absence of histological evidence and a 
negative result on the rapid urease test.

H. pylori culture and antimicrobial susceptibility testing
Using a tissue grinder, the biopsy specimen was homogenized and plated onto brain-heart infusion agar 
plates (Difco, Detroit, MI, United States) that were supplemented with vancomycin (6 mg/mL), 
amphotericin B (8 mg/mL), trimethoprim (5 mg/mL), and 10% glycerol. Under microaerophilic 
conditions (85% N2, 5% O2, and 10% CO2) in a humid atmosphere, the plates were incubated at 37 °C for 
3-5 d. H. pylori was recognized based on Gram staining, helical shape, and biochemical assays that were 
positive for oxidase, catalase, and urease[15].

As suggested by the European committee on antimicrobial susceptibility testing, the E-test minimum 
inhibitory concentration technique was used to test for antimicrobial susceptibility. Tests were done on 
Mueller–Hinton agar plates enriched with 7% horse blood (bioMérieux Inc., Marcy-l'Étoile, France) 
using E-test strips (AB Biodisk, Slona, Sweden)[16]. Tetracycline (TET), CLR, AMX, rifampicin (RIF), 
and ciprofloxacin (CIP) were among the antibiotics that were evaluated. The isolate was considered 
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resistant to AMX, CLR, and MNZ if minimal inhibitory concentrations (MICs) were > 0.125 mg/L, > 0.5 
mg/L, and > 8 mg/L, respectively. Besides, the isolate was considered resistant to CIP, RIF, and TET if 
MICs were > 1 mg/L[16].

DNA extraction
Each H. pylori isolate was sub-cultured and incubated for 72 h after which 7-10 colonies were pooled 
together. DNA was extracted according to the manufacturer’s instructions using the QIAamp DNA 
micro kit (Qiagen, Hilden, Germany) and then was eluted in 200 μL of 1x TE buffer (10 mM Tris-HCl, 1 
mM ethylenediaminetetraacetic acid; pH 8.0) and stored at –20 °C until PCR amplification.

Molecular identification of cagA and vacA genotypes of H. pylori
As previously disclosed, all isolates were subject to multiplex PCR to determine cagA and vacA 
genotypes[17-19]. Table 1 contains a list of all primers utilized for this research. Multiplex PCR was 
carried out in a thermocycler (Cyclogene; Bio-Techne, Minneapolis, MN, United Kingdom) in a reaction 
mixture volume of 50 μL. Each reaction contained 25 μL of 2 × multiplex PCR Master mix (Hot start 
DNA polymerase, multiplex buffer, dNTP mix MgCl2; ThermoScientific, Vilinus, Lithuania), 2 μL of 
each primer (40 pmol), and 200 ng of template DNA (6 µL) according to DNA concentration in yield. 
The reaction volume was brought to 50 µL with the addition of nuclease free water. PCR grade water 
and DNA from H. pylori strain American Type Culture Collection 43504 were used as negative and 
positive controls, respectively. Multiplex PCR was carried out by the simultaneous addition of primers 
in the same reaction mixture after test of each primer pair separately: (1) 35 cycles of 95 °C for 1 min; (2) 
Annealing at 54 °C for 1.5 min; (3) Extension at 72 °C for 1 min; and (4) A final extension at 72 °C for 10 
min. The amplified PCR products were electrophoresed on 1.5% agarose gels using 1 × TBE after which 
the gel was stained with ethidium bromide using a 100 bp ladder as the molecular weight standard, 
visualized under an ultraviolet light source, and photographed using a BioRad Gel Doc device.

H. pylori eradication therapy and follow-up
Patients were given omeprazole (20 mg) and two antibiotics, AMX (1 g) and CLR (500 mg), twice daily 
for 14 d[9]. Clinical follow-up, including side-effect monitoring, was performed until the medication 
was completed. Using a rapid urease test, the therapeutic response was examined 6 wk following the 
termination of therapy. Successful eradication of H. pylori was indicated by a negative result from the 
rapid urease test and microbiological cultures and by the absence of neutrophilic infiltration with a 
decrease in lymphoid inflammatory changes in the biopsy tissue following treatment[9,20].

Statistical analysis
Coding, validating, and analyzing the data required the use of SPSS version 22 (IBM Corp., Armonk, 
NY, United States). Data were shown using average, median, and frequencies (%). A χ2 test or Fisher’s 
exact test was used to compare categorical data, and the Student’s t-test was used for numerical data. P 
values ≤ 0.05 based on a two-tail test were considered to be significant. Potential risk factors were 
identified using a binary logistic regression analysis that included an antecedent 95%CI and adjusted 
odds ratio (aOR).

RESULTS
Patients characteristics and H. pylori infection
Table 2 shows the demographic and clinical characteristics of the patients. The age of the patients 
ranged from 19 years to 59 years (median: 39.5 years), and 57 (79.2%) were males. Based on endoscopic 
examination, more than half of the patients (54.2%) had gastritis, while 33.3% and 12.5% of patients had 
gastric ulcer and duodenitis, respectively. Based on histopathological examination of the tissue biopsy, 
features of chronic gastritis and rods of H. pylori were seen based on Giemsa stain (Figure 1).

Thirty-six (50%) strains were cagA-positive among 72 H. pylori isolates in this study, and in 50 (69.4%) 
of the H. pylori strains, the vacA gene was detected. For the vacA gene s and m region sub-typing, 42 and 
18 strains were positive for s1 and s2, respectively, while 27 and 33 isolates were positive for m1 and m2, 
respectively (Figure 2).

Antimicrobial susceptibility test outcomes
During the research period, a total of 86 patients were recruited. Among them, 10 patients were negative 
for H. pylori infection, and 4 patients failed to complete treatment, leaving 72 patients eligible for the 
study protocol. Among the 72 H. pylori isolates, the resistance rates to MNZ, AMX, RIF, CLR, CIP, and 
TET were 100%, 81.9%, 62.5%, 52.8%, 41.7%, and 37.5%, respectively.

Triple therapy outcomes
The eligible patients underwent 14-d triple therapy with two antibiotics: (1) AMX (1 g); (2) CLR (500 
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Table 1 Primers used in this study for multiplex polymerase chain reaction for detection of vacA and cagA genotypes in Helicobacter 
pylori isolates

Primer Nucleotide sequence, 5'—3' Gene Size, bp
vacA

VA1-F ATGGAAATACAACAAACACAC vacA s1/s2 259/286

VA1-R CTGCTTGAATGCGCCAAAC

VA2-F CAATCTGTCCAATCAAGCGAG vacA m1/m2 570/645

VA2-R GCGTCAAAATAATTCCAAGG

Cag-F GTTGATAACGCTGTCGCTTC cagA 349

Cag-R GGGTTGTATGATATTTTCCATAA

m1/m2: Middle regions; s1/s2: Signal regions.

Table 2 Patient demographic and clinical characteristics

Variable n (%)

Mean age in yr 39.5 ± 12.9

Male sex 57 (79.2)

History of smoking 22 (30.6)

History of upper abdominal pain 48 (66.7)

Endoscopic finding

Gastritis 39 (54.2)

Gastric ulcer 24 (33.3)

Duodenitis 9 (12.5)

Co-morbid conditions

Liver cirrhosis 15 (20.8)

Diabetes mellitus 9 (12.5)

Hypertension 3 (4.2)

cagA 36 (50.0)

vacA 60 (83.3)

s1 42 (58.3)

s2 18 (25.0)

m1 27 (37.5)

m2 33 (45.8)

m1/m2: Middle regions; s1/s2: Signal regions.

mg); and (3) Omeprazole (20 mg). In 45 individuals, the 14-d triple therapy was successful in completely 
eliminating H. pylori; however, in the other 27 patients, the infection persisted despite treatment. H. 
pylori eradication rates were 59.2% (95%CI: 48.2–70.3%) for intention-to-treat (ITT) and 62.5% (95%CI: 
51.3%–73.7%) for per protocol treatment.

In patients with vacA s1-positive (P = 0.02), s2-positive (P = 0.03), or m1-positive (P = 0.01) strains, H. 
pylori eradication occurred more frequently. It was not surprising that the rates of resistance to AMX (P 
= 0.012) and CLR were higher in H. pylori isolates from patients who experienced unsuccessful 
eradication (P = 0.005). However, no significant association with eradication therapy and resistance 
rates to CIP, TET, and RIF was found (Table 3).

With 95%CI and aOR the multiple logistic regression analysis revealed possible risk factors associated 
with H. pylori eradication therapy (Table 4). Successful eradication of H. pylori was more significantly 
associated with strains harboring the vacA s1 genotype (aOR = 0.507, 95%CI: 0.175–0.822). In contrast, 
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Table 3 Relationship between risk factors and outcomes of Helicobacter pylori eradication therapy, n (%)

Variable Successful, n = 45 Unsuccessful, n = 27 P value

Mean age in yr 43.13 ± 12.19 39.22 ± 11.91 0.188

Male sex 36 21 0.524

Smoking 15 12 0.349

cagA 21 (46.7) 15 (55.6) 0.313

s1 31 (68.9) 11 (40.7) 0.022

s2 15 (33.3) 3 (11.1) 0.031

m1 22 (48.9) 5 (18.5) 0.014

m2 21 (46.7) 12 (44.4) 0.525

AMX 33 (73.3) 26 (96.3) 0.012

CIP 18 (40.0) 12 (44.4) 0.45

TET 15 (33.3) 12 (44.4) 0.244

CLR 18 (40.0) 20 (74.1) 0.005

RIF 27 (60.0) 18 (40.0) 0.379

AMX: Amoxicillin; CIP: Ciprofloxacin; CLR: Clarithromycin; m1/m2: Middle region; RIF: Rifampicin; s1/s2: Signal region; TET: Tetracycline.

Table 4 Multivariate analysis of risk factors accompanied with eradication therapy of Helicobacter pylori

Variable aOR (95%CI) P value

s1 0.507 (0.175–0.822) 0.003

s2 0.074 (-0.227 to 0.393) 0.595

m1 -0.028 (-0.291 to 0.234) 0.83

AMX 0.223 (0.026–0.537) 0.032

CLR 0.204 (-0.005 to 0.412) 0.036

aOR: Adjusted odds ratio; AMX: Amoxicillin; CI: Confidence interval; CLR: Clarithromycin; m1: Middle region; s1/s2: Signal region.

Figure 1 Helicobacter pylori associated chronic gastritis with lymphoid aggregates and curved rods of Helicobacter pylori carpeting the 
mucosal surface. A: Hematoxylin and eosin staining, × 200; B: Hematoxylin and eosin staining, × 400.

failed eradication rates were significantly associated with H. pylori strains resistant to AMX (aOR = 
0.223, 95%CI: 0.026–0.537) and CLR (aOR = 0.204, 95%CI: –0.005 to –0.036).



Asaad AM et al. H. pylori infection in Egypt

WJG https://www.wjgnet.com 2956 May 21, 2023 Volume 29 Issue 19

Figure 2 Polymerase chain reaction amplification of cagA and vacA genotypes using 100 bp ladder. A: Lanes 1, 2, 6 cagA-negative and lanes 3, 
4, 5, 7, and 8 cagA-positive; B: Lanes 1 and 3 vacA genotype s2m2 and lanes 4 and 5 vacA genotype s1m1.

DISCUSSION
Eradication therapy of H. pylori infections has been deemed beneficial for cases with gastroduodenal 
disorders, such as gastric MALT lymphoma, peptic ulcer disease history, gastric cancer, dyspepsia, 
atrophic gastritis, and hyperplastic polyps, and for cases with certain extragastrointestinal disorders, 
such as unexplained iron-deficiency anemia, chronic idiopathic urticaria, and idiopathic thrombocyt-
openic purpura[1,21].

Despite establishment of multiple H. pylori eradication treatment regimens in different worldwide 
regions, the usual 14-d triple therapy [piperacillin/AMX/CLR (PAC)] produces adequate eradication 
rates for both adults and children in Egypt[21-23]. However, cure rates in this study were found to be 
unsatisfactory and disappointing. Our findings showed that the 14-d triple therapy efficacy of H. pylori 
eradication (59%) was lower than that reported from previous Egyptian studies (ITT range: 72%–83%)
[22,23]. A previous meta-analysis investigated the global trend in eradication rates of two different first-
line therapeutic regimens (PAC and piperacillin/AMX/MNZ) for 8061 patients infected with H. pylori 
from 30 countries[24]. In this report, the cure rate of PAC (77.1%, 95%CI = 75%–79%) was significantly 
higher than piperacillin /AMX/MNZ (70%, 95%CI = 67.7%–72.3%) (OR = 0.70, 95%CI = 0.56–0.88; P < 
0.002). Previous clinical studies worldwide showed an unacceptable and continuous decrease in H. 
pylori triple eradication therapy-associated cure rates[13,25]. It is noteworthy that the overall global cure 
rates of these protocols are < 80%, which have recently been considered regimens with disappointing 
efficacy.

Inadequate treatment duration, antimicrobial resistance, inadequate stomach acid suppression, poor 
adherence to eradication regimens, and quick metabolism of proton pump inhibitors have all been 
implicated in the failure of the traditional triple therapy to eradicate a pathogen according to previous 
ecological research[26,27]. CLR resistance has been recognized as the primary cause of routine triple 
treatment failure. In a recent meta-analysis investigating 66142 patients from 65 countries, failure to 
achieve eradication was 7-fold higher in patients with CLR-resistant H. pylori infections (OR: 6.97; 
95%CI: 5.23–9.01; P = 0.001) when treated with a CLR-containing regimen than patients with susceptible 
strains[13]. Therefore, in nations with a high prevalence of CLR resistance (> 15%–20%), bismuth 
quadruple treatment is recommended.

Pooled data from 25 randomized trials including 3990 patients showed that the ITT eradication rate of 
standard triple therapy (65.7%) was significantly lower than bismuth-containing regimens (74.9%; OR: 
1.60; 95%CI: 1.07–2.39). In addition, in the per protocol analysis, the pooled eradication rate for bismuth-
containing regimens was 86.7% vs 33.3% for the usual triple regimen (OR: 10.64; 95%CI: 2.96–39.53)[28]. 
It is noteworthy that all isolates in this study were MNZ-resistant, and more than half of the isolates 
were resistant to AMX and CLR. These findings are not surprising as MNZ has been abused by the 
public without prescription for various gastrointestinal infections and diarrhea, while both AMX and 
CLR have been included in empiric therapies for respiratory infections or non-tuberculous mycobac-
terial infections in our region. Therefore, continuous monitoring of susceptibility patterns of H. pylori to 
various antimicrobials seems crucial as multidrug resistant H. pylori strains undoubtedly induce failure 
of H. pylori eradication therapy.

H. pylori cagA and vacA genotypes are among the most important factors implicated in the 
pathogenesis of gastroduodenal diseases and in influencing the sequelae of treatment protocols. The 
association of cagA-positive strains with the H. pylori eradication therapy outcomes were demonstrated 
by former clinical and ecological investigations[4-9]. However, the results from these studies were 
inconsistent and controversial. In this study, strains with or without cagA had no effect on eradication 
rates, a finding that is similar to previous reports. In a previous meta-analysis including 25 studies, the 
influence of the virulence factors, vacA and cagA, on H. pylori eradication therapy in 2693 cases was 
investigated by Wang et al[29]. In their report, the pooled H. pylori eradication rate was 77% (95%CI: 
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70%–83%) for cagA-negative patients and 85% (95%CI: 81%–89%) for cagA-positive with an 8% higher 
eradication rate among cagA-positive strains. In addition, using subgroup analyses based on clinical 
presentations, eradication detection method, location, and therapeutic regimen types, the authors 
concluded that cagA-negative strains responded to successful H. pylori therapy eradication rates than 
cagA-positive strains with pooled risk ratios (RR) of 1.118 (95%CI: 1.051–1.189; P < 0.001) for Asia and 
1.138 (95%CI: 1.000–1.295; P = 0.049) for Europe. In South America, cagA-positive strains and cagA-
negative strains exhibited comparable H. pylori treatment rates (RR: 1.104, 95%CI: 0.953–1.279; P = 
0.186).

The vacA s1-positive H. pylori strains are typically more virulent and more closely linked to 
progressive gastroduodenal disorders as reported in many previous studies[29]. An increase in blood 
flow to the site of infection and stronger inflammatory responses were stimulated by more virulent 
strains as reported by clinical and epidemiological-based evidence. In addition, the more virulent strains 
are usually more susceptible to antimicrobials because of faster replication. H. pylori strains containing 
vacA s1 were substantially related to a greater H. pylori eradication rate in the current investigation.

This result is consistent with earlier findings in which vacA s1-positive strains posed a significant risk 
for the development of gastric illnesses with easier eradication in diseased people. Wang et al[29] 
discovered that the pooled H. pylori eradication rate was 73% (95%CI: 61%–85%) for vacA s2 and 83% 
(95%CI: 75%–91%) for vacA s1 with a 10% improvement in eradication rates in the vacA s1 group 
compared to the vacA s2 group (95%CI: 1.040–1.303; P = 0.008). In their meta-analysis, vacA s1 status was 
associated with better eradication rates in the triple therapy subgroup according to an examination of 
subgroups based on different worldwide locations (RR: 1.175, 95%CI: 1.012–1.360)[29]. Brennan et al[7] 
reported that the incidence of the more virulent s1 genotype was substantially lower among previously 
treated individuals than among those who had never received therapy (58.3% vs 74.3%). A significant 
increase in the frequency of the least pathogenic s2/m2 genotype was seen in previously treated 
individuals (36.7% vs 21.0%)[7]. Our findings and results of other studies clearly demonstrated that the 
vacA s1 genotype would be useful for predicting successful outcomes of H. pylori eradication therapy.

This study had some limitations. First, this research may have been limited in its capability to 
investigate other virulence marker-associated pathogenic roles due to the lack of molecular analysis 
beyond PCR and genome sequencing. Second, this study was conducted within a single center. 
Therefore, our findings cannot be applied to other situations. To further understand the phenotypic and 
genotypic links between H. pylori virulence, antibiotic resistance, and the efficacy of eradication therapy, 
further molecular-based epidemiological multicenter investigations with longer monitoring durations 
are required.

CONCLUSION
This low H. pylori eradication rate following 14-d triple therapy is concerning and worrying. The pan-
resistance of H. pylori to MNZ followed by the high resistance to AMX, CLR, and CIP in this research is 
challenging and of great concern. These findings draw attention to the urgent need for performing H. 
pylori antimicrobial susceptibility testing before starting eradication therapy in addition to continuous 
surveillance of H. pylori resistance patterns in our region to provide data that can guide empirical 
treatment. In addition, the vacA s1-positive H. pylori isolates are easier to eradicate and could be used as 
an indicator to predict the successful outcome of eradication therapy.

ARTICLE HIGHLIGHTS
Research background
Helicobacter pylori (H. pylori) has been implicated in the development of gastric cancer and gastric 
mucosa-associated lymphoid tissue lymphoma. However, the bacterial eradication reduces the risk of 
theses gastric complications. The therapeutic regimens currently in use and the duration of therapy 
differ in different countries, which affects the therapy outcomes. The therapeutic outcomes have been 
found to be affected by the virulence characteristics of the infecting strains. The strains with more 
virulent characteristics possessing vacA s1 and m1 are eradicated more efficiently than the strains 
harboring less virulent characteristics.

Research motivation
To demonstrate that the infecting strains possessing more virulent characteristics are eradicated 
efficiently with a 14-d triple therapy. The vacA s1-positive H. pylori isolates are easier to eradicate and 
could be used as an indicator to predict the successful outcome of eradication therapy.
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Research objectives
To evaluate the H. pylori infection frequency and its resistance patterns among Egyptian patients and to 
determine the H. pylori virulence characteristics influencing the eradication success of the 14-d triple 
therapy regimen.

Research methods
The patients suggestive of H. pylori infections were subjected to endoscopy-based biopsy specimen 
collection. The collected biopsy specimens were used to evaluate the H. pylori infection by a combination 
of diagnostic tests that included urease test, bacterial culture, and histopathological investigation. The 
extracted DNA was subjected to PCR-based cagA and vacA genotype investigation. The H. pylori-
infected patients received triple therapy for 14 d. Six weeks after completion of the therapy, the 
treatment response was examined utilizing histology and the rapid urease test.

Research results
Among the 86 recruited patients, infection was found in 76 individuals. All of the strains were resistant 
to metronidazole (MNZ), while 52.8% and 81.9% of the isolates were resistant to clarithromycin (CLR) 
and amoxicillin (AMX), respectively. Successful eradication of H. pylori was significantly associated with 
vacA s1-positive strains [adjusted odds ratio (aOR) = 0.507, 95%CI: 0.175–0.822]. H. pylori strains 
resistant to CLR (aOR = 0.204, 95%CI: -0.005 to 0.412) and AMX (aOR = 0.223, 95%CI: 0.026–0.537) were 
significantly associated with failed eradication rate.

Research conclusions
The low eradication rate of 14-d triple therapy in this study is worrisome and indicates that an 
alternative therapy to achieve effective eradication must be identified. The findings of complete failure 
of MNZ and reduced efficacy of AMX, CLR, and ciprofloxacin draw attention to the urgent need of 
antimicrobial susceptibility testing-guided eradication therapy. In addition, the strains with virulent 
properties of vacA s1 are easier to eradicate and could be used as an indicator to predict the successful 
outcome of eradication therapy.

Research perspectives
CLR, AMX, and MNZ-based 14-d eradication therapy is ineffective and discouraged in these 
populations. Extensive nationwide studies should be considered to document the efficacy and to find 
alternative therapeutic regimens in respect to the duration. Furthermore, antimicrobial susceptibility 
testing based therapy should be encouraged to help reduce the development of antimicrobial resistance.
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Abstract
BACKGROUND 
Intrahepatic cholangiocarcinoma (ICC) is a malignant tumor of the hepatobiliary 
system with concealed onset, strong invasiveness and poor prognosis.

AIM 
To explore the disease characteristic genes that may be helpful in the diagnosis of 
ICC and affect immune cell infiltration.

METHODS 
We downloaded two ICC-related human gene expression profiles from GEO 
database as the training group (GSE26566 and GSE32958 datasets) for difference 
analysis, and performed enrichment analysis on differential genes. The least 
absolute shrinkage and selection operator (LASSO), support vector machine-
recursive feature elimination (SVM-RFE) and random forest (RF), three machine 
learning algorithms, were used to screen the characteristic genes. Double veri-
fication was carried out on GSE107943 and The Cancer Genome Atlas, two 
verification groups. Receiver operating characteristic curve and area under the 
curve (AUC) were used to evaluate the diagnostic efficacy of genes for ICC. 
CIBERSORT and ssGSEA algorithms were used to evaluate the effect of charac-
teristic genes on immune infiltration pattern. Human Protein Atlas (HPA) was 
used to analyze the protein expression level of the target gene.

RESULTS 
A total of 1091 differential genes were obtained in the training group. Enrichment 
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analysis showed that the above genes were mainly enriched in small molecular catabolism, 
complement and coagulation cascade, bile secretion and other functions and pathways. Twenty-
five characteristic genes were screened by LASSO regression, 19 by SVM-RFE algorithm, and 30 by 
RF algorithm. Three algorithms were used in combination to determine the characteristic gene of 
ICC: MMP14. The verification group confirmed that the genes had a high diagnostic accuracy 
(AUC values of the training group and the verification group were 0.960, 0.999, and 0.977, 
respectively). Comprehensive analysis of immune infiltration showed that MMP14 could affect the 
infiltration of monocytes, activated memory CD4 T cells, resting memory CD4 T cells, and other 
immune cells, and was closely related to the expression of CD200, cytotoxic T-lymphocyte-
associated antigen 4, CD14, CD44, and other immune checkpoints. The results of immunohisto-
chemistry in HPA database showed was indeed overexpressed in ICC.

CONCLUSION 
MMP14 can be used as a disease characteristic gene of ICC, and may regulate the distribution of 
immune-infiltrating cells in the ICC tumor microenvironment, which provides a new method for 
the determination of ICC diagnostic markers and screening of therapeutic targets.

Key Words: Intrahepatic cholangiocarcinoma; MMP14; Machine learning; Immune infiltration; 
Characteristic gene; Diagnostic markers
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Core Tip: This study demonstrates that a new candidate molecular marker: MMP14 that is important for 
the diagnosis of intrahepatic cholangiocarcinoma, and MMP14 was related to a variety of immune cell 
components and participated in the occurrence and development in intrahepatic cholangiocarcinoma.
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INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is the second most common primary tumor of the liver, which 
originates from intrahepatic bile duct epithelial cells and accounts for about 20% of primary liver 
malignant tumors[1]. Its incidence is on the rise worldwide, with the highest incidence in Southeast 
Asia, and the second highest incidence in China after Thailand[2,3]. Pathological changes such as 
chronic cholangitis, cholestasis, intrahepatic bile duct stones, and liver cirrhosis all increase the 
incidence of ICC[4]. At present, due to the poor efficacy of radiotherapy and chemotherapy for ICC, 
surgical treatment is currently the main treatment method for ICC. However, patients with ICC may be 
asymptomatic in the early stage, and most patients have intrahepatic metastasis, lymph node metastasis, 
or even distant metastasis at the first time of diagnosis. Only 9% of patients with advanced ICC can 
survive for 5 years[5-8]. Despite the continuous improvement in imaging and laboratory tests, the early 
diagnosis of ICC is still not ideal. Currently, the biomarkers of ICC mainly include carcinoembryonic 
antigen, carbohydrate antigen 19-9 and a-fetoprotein, but the sensitivity and specificity are not 
satisfactory[9]. Hence, it is crucial to find new biomarkers for early screening and diagnosis of ICC.

Many studies on the tumor microenvironment have confirmed that a variety of immune regulatory 
mechanisms play an important role in the malignant biological behavior of tumors. Therefore, immuno-
therapy has gradually been paid attention in various treatments for solid tumors, and as an emerging 
and effective anticancer treatment, it has also been widely used for ICC. However, the improvement of 
the efficacy of immunotherapy and the development of effective drugs targeting specific immune 
targets are still problems to be solved[10].

Machine learning is a part of the field of artificial intelligence, which can find rules through the 
analysis of data, and can be conducive to the prediction of similar unknown data. And the existing 
knowledge structure can be constantly updated to improve its own performance[11]. With the 
continuous progress of machine learning, the development of more accurate machine learning 
algorithms makes it possible for us to find new disease-related genes[12]. At the same time, second-
generation sequencing technology has made convenient screening of ICC diagnostic targets, and 
provided a solid foundation for precise treatment of patients and selection of personalized drugs[13].
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In this study, using the ICC-related data in the GEO and The Cancer Genome Atlas (TCGA) 
databases, bioinformatics and machine learning algorithms were used to comprehensively analyze and 
obtain reliable disease-characteristic genes, and in-depth exploration found that this gene may regulate 
the progression of ICC by mediating the composition of immune-infiltrating cells. The above 
preliminary research results can provide important references for the identification of early diagnostic 
markers for ICC and the mining of potential intervention targets for immunotherapy.

MATERIALS AND METHODS
Download of the sample datasets
The gene expression data of ICC cancer tissues and paracancerous tissues were obtained by using the 
three datasets GSE26566, GSE32958, and GSE107943 in GEO database. The transcriptome gene 
expression data of cancer and paracancerous samples of ICC patients were obtained from TCGA 
database. The relevant datasets were sorted, and samples other than cancer and paracancerous tissues of 
ICC patients were deleted. The two datasets of GSE26566 and GSE32958 were combined as the training 
group. The GSE107943 dataset was used as the verification group, while the TCCG dataset was used as 
the external database verification group.

Screening of differential genes
The Limma package was used to analyze the differences between the GSE26566 and GSE32958 datasets 
after merging the training groups. Genes that met the conditions |log2FC| > 2 and adj. P < 0.05 were 
considered to be differential genes. The first 50 genes with the most significant difference between 
upregulated and downregulated genes were selected for heat mapping using the pheatmap package. 
The volcanic map was plotted using ggplot2 and ggrepel packages to visualize significantly different 
genes.

Functional enrichment analysis
According to the results of differential expression analysis, the org.Hs.eg.db, enrichplot, clusterProfiler, 
DOSE and GSEABase package were used for GO functional enrichment analysis, KEGG pathway 
enrichment analysis, DO disease enrichment analysis and GSEA enrichment analysis, respectively. The 
top 10 most significantly enriched functions in biological processes (BP), CC and molecular functions 
(MF) were visualized by drawing bubble plots. The top 30 pathways or diseases with the most 
significant enrichment were selected for KEGG enrichment analysis and DO enrichment analysis bubble 
diagram drawing. GSEA enrichment analysis was carried out on the experimental group (cancer tissue 
samples) and the control group (paracancerous tissue samples), and the first five functions and 
pathways that were most significantly enriched in the experimental group and the control group were 
visualized respectively.

Screening disease characteristic genes by machine learning
Based on the differential gene expression, least absolute shrinkage and selection operator (LASSO) 
regression, support vector machine-recursive feature elimination (SVM-RFE) algorithm and random 
forest (RF) algorithm were used to screen disease characteristic genes. The genes screened by the three 
algorithms were intersected to obtain the final disease characteristic gene, which was the new charac-
teristic gene for ICC diagnosis. The diagnostic genes obtained by the comprehensive analysis of the 
above three machine learning algorithms had stronger persuasion and higher accuracy. The LASSO 
regression algorithm was based on the glmnet package. When the parameters were set to a = 1, 
type.measure = deviance and nfolds = 10, the number of genes corresponding to the point with the 
smallest cross-validation error was the target gene. The SVM-RFE algorithm was based on the e1071, 
kernlab and caret packages. The method adopted was svmRadial, and the number of genes corres-
ponding to the point with the smallest cross-validation error was selected as the disease characteristic 
gene. The RF algorithm was based on the randomForest package. The differentially expressed genes 
were used to train the RF model. The number of forest trees was set to 500, and the number of corres-
ponding trees with the smallest cross-verification error was found to reconstruct the RF model for 
training. The importance score of the gene was obtained. We sorted from high to low according to the 
scores, and selected the 30 genes with the highest importance scores as the feature gene set.

Assessing the diagnostic value of ICC signature genes
The limma package was used to analyze the differences between the two verification groups of 
GSE107943 and TCGA to determine whether the differential expression of disease characteristic genes in 
the verification group was consistent with that of the training group. We used the ggpubr package to 
visualize and draw a boxplot. The receiver operating characteristic (ROC) curve was drawn based on 
the pROC package to evaluate the efficiency of characteristic genes in the diagnosis of ICC. Area under 
the curve (AUC) value was used as an index to evaluate the diagnostic value of characteristic genes in 
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Table 1 Number of data set samples

Dataset Number of cancer samples Number of paracancerous samples Total

GSE26566 104 59 163

GSE32958 16 7 23

GSE107943 30 27 57

TCGA 33 8 41

Total 183 101 284

TCGA: The Cancer Genome Atlas.

the training and test groups. The 95% confidence interval (CI) of AUC value was extracted and 
calculated by bootstrap method.

Comprehensive analysis of immune infiltration pattern in ICC
According to the gene expression level of each sample, CIBERSORT algorithm was used to quantify the 
relative content of immune cells in each sample with the help of e1071 and preprocessCore package, so 
as to obtain the proportion of different immune cells in each sample, and a bar chart was drawn. The 
corrplot package was used to analyze the correlation of immune cells and draw the correlation heat 
map. The vioplot package was used to analyze the difference in immune cell infiltration between cancer 
tissue and paracancerous tissue of ICC patients, and the violin picture was drawn. The CIBERSORT and 
ssGSEA algorithms were used to evaluate the relationship between ICC characteristic genes and tumor 
immune-infiltrating cells, in order to explore the effect of ICC characteristic genes on tumor immune 
microenvironment. Finally, 46 immune checkpoint related genes (including CD274, PDCD1, CTLA4, 
CD14, LAG3, and TNFRSF9) were found through the literature. We used the limma and corrplot 
packages, etc. to analyze whether the disease signature genes had a regulatory effect on the expression 
of immune checkpoints.

Analysis of protein expression level of disease characteristic genes by Human Protein Atlas 
database
The Human Protein Atlas (HPA) database provides the expression and distribution of all available 
proteins in human tissues and organs. Therefore, protein expression data of disease-characteristic genes 
in ICC and paracancerous tissues were obtained from this database for comparative analysis.

Statistical analysis
All statistical analyses in this study were conducted in R version 4.2.0. ICC characteristic genes were 
screened by LASSO regression, SVM-RFE and RF machine learning algorithms. The diagnostic efficacy 
of diagnostic biomarkers was evaluated by ROC curve. The relationship between the expression of 
characteristic genes and immune cell infiltration and immune checkpoint was analyzed by Spearman 
and Pearson correlation. Statistical significance was identified based on P < 0.05.

RESULTS
Downloading and sorting of sample data
Table 1 shows the three datasets (GSE26566, GSE32958, and GSE107943) in the GEO database and the 
ICC-related information obtained from the TCGA database. Two hundred and eighty-four samples 
were collected, including 120 cancer tissues and 66 paracancerous tissues in the training group. In the 
two verification groups, cancer tissue samples were from 30 and 33 cases, respectively, and paracan-
cerous tissue samples from 27 and eight cases, respectively.

Screening of differential genes
By the difference analysis of the training group, 1091 differential mRNAs were obtained, including 463 
upregulated and 628 downregulated mRNAs (Figure 1A and B). There were many genes with multiple 
differences in ICC cancer and paracancerous tissues; therefore, it was important to screen characteristic 
genes that mediated the occurrence and development of ICC, which laid a foundation for the following 
mechanistic exploration and target gene identification.
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Figure 1 The differentially expressed mRNA of intrahepatic cholangiocarcinoma patients was screened based on GEO database training 
group. A: The heat map of differential gene expression in cancer tissues (Treat) and paracancerous tissues (Con); B: The Volcano map of differential gene 
expression between cancer and paracancerous tissues.
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Biological functions of differential genes
Through GO functional enrichment analysis, we found that in terms of BP, processes such as small 
molecule catabolic process, response to xenobiotic stimulus, and carboxylic acid catabolic process had 
the largest number of enrichment genes. In terms of CC, collagen-containing extracellular matrix (ECM), 
apical part of cell and other CC had the largest number of enriched genes. In terms of MF, sulfur 
compound binding, glycosaminoglycan binding, serine hydrolase activity and iron ion binding had the 
largest number of enriched genes (Figure 2A). KEGG pathway enrichment analysis showed that the 
differential genes were mainly enriched in 56 related regulatory mechanisms, which were mainly 
involved in complement and coagulation cascades, bile secretion, biosynthesis of cofactors, drug 
metabolism cytochrome P450, chemical carcinogenesis DNA adducts, retinol metabolism and other 
pathways (Figure 2B). DO disease enrichment analysis showed that differential genes were closely 
related to cardiovascular disease, urinary system disease, fatty liver and cholangiocarcinoma 
(Figure 2C). GSEA enrichment analysis was carried out on the experimental and control groups. GO 
enrichment analysis showed that acylglycerol homeostasis and alcohol metabolic process were mainly 
enriched in paracancerous tissues (Figure 3A). In ICC cancer tissues, differential genes were mainly 
enriched in cell division, chromosome segregation, embryonic organ development and other functions 
(Figure 3B). KEGG enrichment analysis showed that complement, coagulation cascades and drug 
metabolism cytochrome P450 were actively expressed in para-cancerous tissues (Figure 3C), while cell 
cycle, ECM receptor interaction and pathways in cancer were actively expressed in cancer tissues 
(Figure 3D).

Determination of diagnostic markers for ICC
To identify the specific genes of value in the diagnosis of ICC, we used machine learning to filter the 
above 1091 differential genes. A total of 25 genes were screened by LASSO regression algorithm, 
namely: MMP14, CDCA8, ZDHHC13, NOX4, HEPN1, LRRC49, PDZK1IP1, OR1L4, FAP, NDST3, FXN, 
PYCR1, PRR11, SPAM1, MAD2L1, APOBEC3G, PI3, CYP7A1, RNF165, MT1M, GREM1, EME1, ENAH, 
CDKN2B and FOSB (Figure 4A). After screening by SVM-RFE algorithm, 19 genes were retained, 
namely: CFHR2, PROC, UBE2T, HGD, AGMAT, ACSL1, GADD45G, DCXR, HGFAC, DTL, MMP14, 
ADHFE1, SLC22A1, CBS, PIPOX, SHMT1, RDH5, F12, and F9 (Figure 4B). After screening by RF 
algorithm, the first 30 genes obtained good diagnostic effect, namely: SLC10A1, CYP3A43, COL8A1, 
CDH13, ALDH1A1, ITPR3, MT1H, NRCAM, TMOD1, TNFAIP6, SH2D3A, OLFML2A, WNT10A, ACAA2, 
RGN, GADD45G, CNDP1, SPINT2, DCXR, DAO, MMP14, LRRC1, UBE2T, COL1A1, DHTKD1, STK39, 
PEMT, EHHADH, TMED3, and DDR1 (Figure 4C and D). After the intersection of the genes determined 
by the above three results, the best disease characteristic gene was obtained: MMP14 (Figure 4E).

Feasibility analysis of disease characteristic genes as ICC diagnostic markers
Previous studies had shown that MMP14 was highly expressed in cancer tissues of ICC patients in the 
training group, so it was important to clarify its expression in two independent verification groups 
before evaluating the accuracy of this gene as a disease signature gene. In the GSE107943 dataset, the 
expression of MMP14 in ICC cancer tissues was apparently higher than that in paracancer tissue 
(Figure 5A). The same result was obtained by external database verification of MMP14 in the TCGA 
database (Figure 5B). ROC curves were drawn for the training and validation groups, which showed 
that in the training group, AUC was 0.960 (95%CI: 0.932-0.983) (Figure 5C). In the GSE107943 
verification group, AUC was 0.999 (95%CI: 0.993-1.000) (Figure 5D), and in the TCGA verification 
group, AUC was 0.977 (95%CI: 0.924-1.000) (Figure 5E). AUC in the verification group was higher than 
in the training group, and AUC values were all > 0.9. This showed that MMP14 had good diagnostic 
efficiency and could be used as a characteristic gene of ICC, which provided a new reference marker for 
the selection of gene targets for diagnosis of ICC.

Immune cell infiltration in ICC
To explore the infiltration of immune cells in the immune microenvironment of ICC, the proportion of 
22 types of immune cells in each sample of ICC cancer and paracancerousl tissues was clarified 
(Figure 6A). The positive correlation between resting dendritic cells resting and resting memory CD4 T 
cells resting was the strongest (r = 0.45), and the negative correlation between mast cells resting and 
mast cells activated was the strongest (r = 0.40) (Figure 6B). We then analyzed the infiltration of immune 
cells in cancer and paracancerous tissues, and was significant for monocytes, M0 macrophages, 
activated mast cells, and eosinophils. Compared with paracancerous tissues, expression of M0 
macrophages in tumor tissues was greatly higher (P = 0.040), while expression of monocytes (P = 0.002) 
and activated mast cells (P = 0.037) was significantly lower in tumor tissues (Figure 6C).

Correlation analysis of ICC disease signature genes and immune infiltration patterns
There were differences in the distribution of immune infiltrating cells between ICC cancer tissues and 
paracancerous tissues. To analyze its potential regulatory factors, we explored the correlation between 
ICC disease signature genes and immune microenvironment. CIBERSORT algorithm analysis showed 
that among the immune cells, MMP14 was significantly correlated with the number of seven types of 
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Figure 2 Enrichment analysis of differential genes. A: GO functional enrichment analysis; B: KEGG pathway enrichment analysis; C: DO disease 
enrichment analysis.

immune cells. Expression of MMP14 was positively related with M0 macrophages M0 (r = 0.40, P = 
0.0023), activated dendritic cells (r = 0.32, P = 0.0180) and follicular helper T cells (r = 0.29, P = 0.0300) 
(Figure 7A-C), and negatively related with activated memory CD4 T cells (r = -0.33, P = 0.0130), 
monocytes (r = -0.32, P = 0.0190), M1 macrophages (r = -0.28, P = 0.0420) and resting memory CD4 T 
cells (r = -0.27, P = 0.0440) (Figure 7D-G). The final results of MMP14 and immune cell infiltration based 
on the above CIBERSORT algorithm are summarized (Figure 8A). ssGSEA algorithm analysis showed 
that there was a significant correlation between MMP14 and the number of four types of immune cells 
and 28 types of immune cells. It was significantly negatively correlated with the number of neutrophils, 
monocytes, central memory CD8 T cells and central memory CD4 T cells (Figure 8B). MMP14 was 
positively correlated with the expression of CD200, CD40, CD44, CD70, CTLA4, HHLA2, LGALS9, 
TNFRSF14, TNFRSF18, TNFRSF25, TNFSF4 and TNFSF9. However, it was negatively correlated with 
the expression of CD14, CD160, TMIGD2, and TNFSF14 (Figure 8C). In summary, MMP14 regulates the 
composition of immune infiltrating cells in the tumor microenvironment of ICC and may affect the 
efficacy of immunotherapy by mediating the expression of immune cell surface markers.

Expression of disease characteristic genes in ICC
HPA database analysis showed that expression of MMP14 protein in ICC cancer tissue was higher than 
that in paracancerous tissue (Figure 9). It was consistent with the trend in mRNA expression levels in 
the training and verification groups, which confirmed that MMP14 could be used as a disease charac-
teristic diagnostic gene of ICC.

DISCUSSION
Although there has been some improvement in the treatment of ICC in recent years, the disease control 
rate is still low[14]. There is no definite marker for early diagnosis of ICC[15]. Individualized treatment 
has not yet achieved satisfactory results in ICC patients[16]. At present, immunotherapy is a research 
hot spot in the field of cancer treatment worldwide, and it has widespread prospects for treatment of 
cholangiocarcinoma[17]. Therefore, the present study focused on discovering new diagnostic markers 
and improving immunotherapy and determining synergistic therapeutic targets for ICC. Recently, 
similar ideas have been developed in the research of a variety of tumors and other diseases. More 
researchers have begun to identify new disease signature genes and explore their potential links with 
immune cell infiltration. For example, in chronic obstructive pulmonary disease (COPD), STAU1 and 
SLC27A3 are considered to be important diagnostic biomarkers. The pathogenesis of COPD is largely 
affected by the pattern of immune cell infiltration. It has been confirmed that STAU1 and SLC27A3 are 
important factors in regulating the content of plasma cells, resting NK cells, CD8 T cells, and other 
immune cells[18]. Studies have pointed out that LTBP2 is a highly effective biomarker for prostate 
cancer, which may inhibit the proliferation and metastasis of prostate cancer through the PI3K/AKT 
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Figure 3 GSEA enrichment analysis of differential genes. A: GO enrichment analysis in the control group; B: GO enrichment analysis in the experimental 
group; C: KEGG enrichment analysis in the control group; D: KEGG enrichment analysis in the experimental group.

signaling pathway, and is related to CD4 T-cell infiltration and the response to anti-PD-1/PD-L1 
immunotherapy[19]. However, for ICC with poor prognosis, there have been few studies on potential 
diagnostic markers and their correlation with immune cell infiltration. Therefore, we hope to find 
diagnostic biomarkers for ICC and investigate their relationship with immune cell infiltration.

The present study was a series of retrospective studies based on the gene expression matrix of ICC 
patients in the GEO and TCGA databases, looking for new diagnostic genes for ICC and analyzing the 
significance of immune cell infiltration. The results obtained are consistent with previous studies that 
complex metabolic changes occurred in the entire process of cholangiocarcinoma development, and 
metabolic reprogramming mechanisms such as glucose metabolism, amino acid metabolism, and lipid 
metabolism all mediate tumor proliferation and invasion are involved[20]. Mechanisms such as ECM-
receptor interaction, cell cycle disorder, and stem cell self-renewal have also been confirmed to affect the 
development of ICC, which is consistent with our enrichment analysis[21-23]. To accurately screen for 
disease characteristic genes, we used LASSO regression, SVM-RFE, and RF learning algorithms for joint 
analysis. After the joint verification of another data set in the GEO and TCGA databases, we identified 
MMP14 as having high diagnostic accuracy for ICC.

The MMP family are proteolytic enzymes closely related to angiogenesis and tumor progression. 
MMP14 was the first transmembrane protein found in the family[24]. Previous studies have indicated 
that MMP14 plays a key role in the malignant transformation of liver cancer, pancreatic cancer, 
colorectal cancer and other tumors[25-28]. In primary liver cancer, the expression of MMP14 in cancer 
tissues is significantly higher than that in paracancerous tissues. The expression level of MMP14 is 
positively correlated with tumor size, Edmondson-Steiner grade and α-fetoprotein level, and mediates 
the poor prognosis of patients with primary liver cancer[29]. In renal cell carcinoma, MMP14, as a 
member of the circPTCH1/miR-485-5p/MMP14 endogenous competitive network, participates in 
promoting metastasis and activating epithelial-mesenchymal transformation of renal cell carcinoma
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Figure 4 Screening of disease signature genes. A: The process of least absolute shrinkage and selection operator regression screening of characteristic 
genes; B: The relationship between the error and the number of variables in support vector machine-recursive feature elimination; C: The impact of the amount of 
decision trees on the error rate; D: The name of the characteristic gene and the score of gene importance obtained by RF screening; E: The Venn diagrams of the 
intersection eigengenes obtained by the three algorithms. SVM: Support vector machine; LASSO: The least absolute shrinkage and selection operator; RF: Random 
forest.
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Figure 5 Analysis of the diagnostic value of intrahepatic cholangiocarcinoma characteristic genes. A: The boxplot of the differential expression of 
MMP14 in the GSE107943 dataset; B: The boxplot of the differential expression of MMP14 in the The Cancer Genome Atlas (TCGA) database; C: In the training 
group, the receiver operating characteristic (ROC) curve of MMP14 to evaluate the diagnostic efficacy of intrahepatic cholangiocarcinoma (ICC); D: In the 
GSE107943 dataset of the verification group, the ROC curve of MMP14 to evaluate the diagnostic efficacy of ICC; E: In the TCGA dataset of the verification group, 
the ROC curve of MMP14 to evaluate the diagnostic efficacy of ICC. AUC: Area under the curve; 95%CI: 95% confidence interval.

[30]. Direct degradation of ECM or indirect activation of MMP2 is also the main way for MMP14 to 
promote the invasion and metastasis of many types of tumors[31,32]. Ragusa and colleagues found that, 
in a chemotherapy-resistant, aggressive, matrix-rich colorectal cancer subtype, fluctuations in tumor 
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Figure 6 The distribution of immune infiltrating cells in intrahepatic cholangiocarcinoma. A: The relative content of immune infiltrating cells in each 
sample; B: The correlation heatmap composed of cells in all samples; C: The violin plot of the difference in immune cell infiltration between intrahepatic 
cholangiocarcinoma cancer and paracancerous tissues.

signals triggered a decrease in PROX1 Levels and upregulation of MMP14 through the WNT and Notch 
pathways, which promoted a series of adverse tumor microenvironmental changes, including activation 
of fibroblasts, vascular dysfunction, and inability of cytotoxic T cells to enter the tumor[33]. It can be 
seen that, as a clear tumor-promoting factor, MMP14 is a key regulator in the tumor microenvironment, 
tumor immune infiltration and tumorigenesis, but its effect on disease diagnosis and tumor immune 
microenvironment in ICC has not been reported, so our research is important.

Tumor microenvironment plays an important role in the occurrence, development and prognosis of 
tumor. As an important part of tumor microenvironment, immune cells are involved in the prognosis of 
the disease and guidance of clinical treatment[34-36]. We calculated the profiles of immune cell infilt-
ration in ICC cancer and paracancerous tissues, and elucidated ICC-associated immune cell subtypes 
and their potential relationships. Compared with paracancerous tissues, the infiltration of M0 
macrophages in ICC tissues was significantly increased, while the proportion of monocytes and mast 
cells activated was significantly decreased. The correlation analysis between MMP14 and immune cells 
showed that it was positively correlated with M0 macrophages, activated dendritic cells and follicular 
helper T cells, and negatively correlated with activated memory CD4 T cells, monocytes, M1 
macrophages and resting memory CD4 T cells. The ssGSEA algorithm showed that MMP14 was closely 
related to the degree of immune cell infiltration, and the number of central memory CD8 T cells, 
neutrophils, monocytes and central memory CD4 T cells decreased significantly in ICC patients with 
high expression of MMP14. We found that MMP14 was positively correlated with expression of 12 
molecules, including CTLA4 and CD40, and negatively correlated with expressions of four molecules, 
including CD14 and CD160. Differential regulatory mechanisms of the tumor microenvironment in ICC 
patients may help explain individual differences in immunotherapy. The expression of MMP14 was 
negatively regulated by the distribution of monocytes and CD4 T cells in the analysis of CIBERSORT 
and ssGSEA algorithms. Coincidentally, in the correlation analysis with immune checkpoints, we found 
that MMP14 was related to the expression of many important molecules, such as monocyte surface 
marker CD14 and transmembrane receptor CTLA4 on T cells. As an important part of effective 
antitumor immunity, CD4 T cells can directly eliminate tumor cells through cytolytic mechanisms, or 
indirectly target tumor cells by regulating the tumor microenvironment to kill tumor cells[37]. Different 
subpopulations of monocytes perform exclusive functions for tumor promotion or antitumor immunity
[38]. It has been reported that CD14 and CD16 monocyte subsets can induce cancer cell death through 
antibody-dependent cytotoxicity[24,39]. Therefore, we have the reason to speculate that MMP14 may 
accelerate the progression of ICC by interfering with the abundance of monocytes and CD4 T cells.

In our study, we found new ICC characteristic gene, MMP14, and clarified that it might influence the 
infiltration pattern of immune cells in complex tumor microenvironments. It could be helpful for the 
clinical diagnosis and immunotherapy of ICC, and provides new ideas for the future study of the 
occurrence and molecular mechanism of ICC.
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Figure 7 The scatter plot of the correlation between MMP14 expression and immune cells. A: Macrophage M0; B: Dendritic cell activation; C: T cell 
follicular assisted cell activation; D: T cell CD4 memory activation; E: monocyte; F: Macrophage M1; G: T cell CD4 memory resting.

However, our research still had some limitations. Firstly, all data came from public databases, which 
could have led to inevitable errors or biases. Secondly, the expression and specific function of disease 
characteristic genes need to be verified by further experiments. Although bioinformatics and machine 
learning have been used to evaluate the diagnostic efficacy of ICC feature genes and their relationship 
with immune infiltration, a larger prospective study is needed to confirm our conclusions.

CONCLUSION
Here we investigated new candidate molecular markers that are important for the diagnosis of ICC, 
which was related to a variety of immune cell components and participated in the occurrence and 
development of ICC. The findings may have a beneficial impact on the diagnosis of ICC and the 
provision of precise immunotherapy in future clinical work.
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Figure 8 Correlation of MMP14 with immune cell content and immune checkpoint expression. A: Correlation between MMP14 and immune cell 
infiltration based on CIBERSORT algorithm; B: Correlation between MMP14 and immune cell infiltration based on ssGSEA algorithm; C: The heat map of the 
correlation between MMP14 and immune checkpoint expression.

Figure 9  Human Protein Atlas analysis of MMP14 protein expression levels in intrahepatic cholangiocarcinoma cancer and 
paracancerous tissues.
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ARTICLE HIGHLIGHTS
Research background
Intrahepatic cholangiocarcinoma (ICC) has a high mortality rate. Its early diagnosis is very important.

Research motivation
At present, there are no diagnostic markers of ICC, and most patients are in the middle and late stage 
when the tumors are found, and the treatment options for these patients are limited, resulting in a poor 
prognosis.

Research objectives
It is urgent to find new biomarkers for early screening and diagnosis of ICC.

Research methods
Bioinformatics analysis and machine learning algorithm were used to screen for ICC disease charac-
teristic genes, and the diagnostic performance of characteristic gene MMP14 was verified by different 
databases. The relationship between different immune cell infiltration in MMP14 and ICC tumor 
microenvironment was analyzed.

Research results
We discovered for the first time a new gene MMP14 for the diagnosis of ICC. We further analyzed the 
expression of MMP14 and its significance in immune cell infiltration in ICC tumor microenvironment, 
indicating that MMP14 is closely related to a variety of immune cell infiltration, which may provide a 
new direction for immune-related research.

Research conclusions
In this study, we found that MMP14 can be used as a disease characteristic gene for ICC diagnosis using 
a variety of machine learning algorithms. There is a relationship between different immune cell infilt-
ration in MMP14 and ICC tumor microenvironment, which plays an important role in the occurrence 
and development of tumor. MMP14 may be a potential target for ICC immunotherapy.

Research perspectives
Based on bioinformatics analysis and machine learning algorithm, MMP14 was identified as the charac-
teristic gene of ICC and was associated with ICC immune cell infiltration. In the future research, it will 
be of great significance to explore the signal pathway mediated by MMP14 in the occurrence and 
development of ICC and the mechanism of immune cell infiltration.
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Abstract
BACKGROUND 
Low anterior resection syndrome (LARS) severely impairs patient postoperative 
quality of life, especially major LARS. However, there are few tools that can 
accurately predict major LARS in clinical practice.

AIM 
To develop a machine learning model using preoperative and intraoperative 
factors for predicting major LARS following laparoscopic surgery of rectal cancer 
in Chinese populations.

METHODS 
Clinical data and follow-up information of patients who received laparoscopic 
anterior resection for rectal cancer from two medical centers (one discovery cohort 
and one external validation cohort) were included in this retrospective study. For 
the discovery cohort, the machine learning prediction algorithms were developed 
and internally validated. In the external validation cohort, we evaluated the 
trained model using various performance metrics. Further, the clinical utility of 
the model was tested by decision curve analysis.

RESULTS 
Overall, 1651 patients were included in the present study. Anastomotic height, 
neoadjuvant therapy, diverting stoma, body mass index, clinical stage, specimen 
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length, tumor size, and age were the risk factors associated with major LARS. They were used to 
construct the machine learning model to predict major LARS. The trained random forest (RF) 
model performed with an area under the curve of 0.852 and a sensitivity of 0.795 (95%CI: 0.681-
0.877), a specificity of 0.758 (95%CI: 0.671-0.828), and Brier score of 0.166 in the external validation 
set. Compared to the previous preoperative LARS score model, the current model exhibited 
superior predictive performance in predicting major LARS in our cohort (accuracy of 0.772 for the 
RF model vs 0.355 for the preoperative LARS score model).

CONCLUSION 
We developed and validated a robust tool for predicting major LARS. This model could 
potentially be used in the clinic to identify patients with a high risk of developing major LARS and 
then improve the quality of life.

Key Words: Machine learning; Low anterior resection syndrome; Rectal cancer; Laparoscopy; Prediction

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

Core Tip: We developed and externally validated a machine learning-based prediction model that 
integrated preoperative and intraoperative risk factors as input features and showed satisfactory predictive 
performance in Chinese patients. According to the decision curve analysis, patients with major low 
anterior resection syndrome (LARS) would have a net benefit superior to “treat all” or “treat none” with a 
range of threshold probabilities by using the model. This study provides a new tool for predicting major 
LARS, which can potentially be used for rectal cancer patients to acquire early postoperative consultation 
and strengthen self-management to improve their quality of life.

Citation: Wang Z, Shao SL, Liu L, Lu QY, Mu L, Qin JC. Machine learning model for prediction of low anterior 
resection syndrome following laparoscopic anterior resection of rectal cancer: A multicenter study. World J 
Gastroenterol 2023; 29(19): 2979-2991
URL: https://www.wjgnet.com/1007-9327/full/v29/i19/2979.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i19.2979

INTRODUCTION
With advances in surgical techniques and the introduction of a multidisciplinary approach, the 
sphincter-saving procedure for rectal cancer has increased[1], with up to 50%-80% of rectal cancer 
patients undergoing this procedure[2] compared with only 25% before the circular stapling device was 
widely used[3]. However, low anterior resection syndrome (LARS), a postoperative complication that 
seriously impairs patient quality of life, has also increased[4,5], and 70%-90% of these patients 
undergoing sphincter-saving procedures have developed LARS[2]. The majority of LARS may go into 
remission within a variable interval of 6-18 mo following surgery[6,7]. However, beyond this point 
further improvements may be impossible, and the complication may become irreversible. It is reported 
that approximately 40% of patients with major LARS remain ‘toilet dependent,’ which results in a low 
quality of life[8,9].

Early management of major LARS, such as conservative drugs, transanal or transtomal irrigation, 
pelvic floor rehabilitation, biofeedback, and sacral nerve stimulation, can improve LARS symptoms[10-
14]. Therefore, it is important to identify the patients who are at a high risk of developing major LARS 
after surgery. A recent study established a model based on preoperative risk factors to predict a LARS 
score for improving patient preoperative education and counseling[15]. However, it failed to achieve an 
accurate prediction when it was applied to other populations[16]. Furthermore, certain intraoperative 
factors that were previously reported as important contributors to LARS were not included in this 
aforementioned model[17,18].

Due to better vision and less surgical trauma[19], laparoscopic surgery has improved the post-
operative course in the treatment of rectal cancer and was widely applied in China. In theory, laparo-
scopic surgery ensures minimal surgical trauma and improves postoperative patient recovery as well as 
functional bowel outcome. However, there is still no tool to predict LARS in Asian patients who receive 
laparoscopic surgery.

Artificial intelligence (AI) is an innovative modeling technology and has produced promising results; 
our previous studies have shown that AI algorithms allow for good discrimination of anastomotic 
leakage and would be helpful in assisting surgeons’ decision-making[20,21]. Therefore, the present 
study aimed to develop a machine learning model based on AI technology using preoperative and 
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intraoperative factors for predicting major LARS following laparoscopic surgery of rectal cancer in 
Chinese populations. This model was created to guide early postoperative management of medical 
intervention and improve patient postoperative consultation and quality of life.

MATERIALS AND METHODS
Data and participants
The present study included a discovery cohort and an external validation cohort. To develop the 
machine learning model, clinical data of 2120 patients with rectal cancer who received laparoscopic 
anterior resection in the Department of Gastrointestinal Surgery, Tongji Hospital, Huazhong University 
of Science and Technology from January 1, 2012 to December 31, 2020 were reviewed and collected. For 
external validation, data from 289 patients from the Central Hospital of Enshi Tujia and Miao 
Autonomous Prefecture affiliated to Wuhan University between January 1, 2012 and December 31, 2020 
were collected with the same criteria. The present study was performed according to the guidelines of 
the Declaration of Helsinki and approved by the ethics committees of Tongji Hospital, Huazhong 
University of Science and Technology and The Central Hospital of Enshi Tujia and Miao Autonomous 
Prefecture. The requirement for informed consent was waived due to the retrospective nature of the 
study.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) Age ≥ 18; (2) Primary rectal adenocarcinoma located 0-15 cm 
from the anal verge; and (3) Patients without communication difficulties. The exclusion criteria were as 
follows: (1) Patients who had their diverting stoma open; (2) Less than 1 year after laparoscopic anterior 
resection or after stoma reversal; (3) Patients with a history of abnormal bowel function, including drug-
induced diarrhea, a chronic history of constipation, irritable bowel syndrome, and a history of pelvic 
injury; (4) Patients with local recurrence within 1 year after surgery; and (5) Missing data, death, or lost 
to follow-up.

Candidate variables
In order to develop the early postoperative major LARS prediction model, only the clinical preoperative 
and intraoperative variables of each patient were included. The variables were as following: age at 
surgery; sex; body mass index (BMI); hypertension; diabetes; previous abdominal surgery; neoadjuvant 
therapy; American Society of Anesthesiologists (ASA) classification; tumor size (cm); clinical stages; 
anastomotic height (cm); diverting stoma; and specimen length (cm). Two authors independently 
completed the collection and collation of clinical data, and conflicting data were documented and 
confirmed by a final discussion. Anastomotic height was defined as the distance between anastomosis 
and anal verge measured using digital rectal examination, computed tomography, or magnetic 
resonance imaging. Specimen length was defined as the length of the bowel removed during surgery.

Outcome
The Chinese version of the LARS score system was used to evaluate postoperative intestinal function
[22], which is described by five questions concerning intestinal function. Each response was weighted 
and given a score according to the severity of the patient’s symptoms. Scores of 0-20 indicated no LARS, 
21-29 indicated minor LARS, and 30-42 indicated major LARS. All the participants were followed up by 
telephone, short message service, and outpatient or inpatient visits using a LARS score questionnaire 
from November 1, 2021 to May 1, 2022. LARS scores of each participant at 1 year after anterior resection 
or after stoma reversal were obtained. To highlight major LARS, patients were classified into two 
groups according to LARS score, one with major LARS and another with no or minor LARS.

Feature selection
Excessive variables could lead to adverse predictions and be inconvenient in an application. The Boruta 
algorithm can address the minimal optimization problem of multidimensional clinical features in 
feature selection[23]. Thus, feature selection was conducted using the Boruta algorithm. The algorithm 
can screen out all the variables associated with the ground truth. The importance of the features was 
quantified by repeated iterations based on shadow feature creation, and some weakly correlated 
features were removed. Finally, the selected features, combined with clinical experience, were used as 
predictors. R software and Boruta packages (7.0.0) were used for feature selection (R version 
4.1.2[2021-11-01]).

Sample size
The one-in-ten rule is a generally accepted rule for estimating the minimum sample size[24]. According 
to at least ten events per variable, at least 325 to 667 patients were required in the discovery cohort for 
the 13 predictor variables, with an estimated event (major LARS) rate of 30%-50% and a lost follow-up 
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rate of 20%-35%.

Machine learning algorithms
In the present study, four prevailing machine learning algorithms, including logistic regression (LR), 
random forest (RF), support vector machine (SVM), and extreme gradient boosting (XGBoost), were 
employed to develop the predictive models. Machine learning algorithms based on AI can overcome the 
limitations of traditional linear models by combining clinical nonlinear features. The participants from 
Tongji Hospital were randomly divided into a training set and a testing set at a ratio of 8:2. To gain 
high-performance models, hyperparameter adjustment was adopted using a grid search approach. To 
balance sensitivity and specificity, the optimal Youden index (cutoff value) was calculated via 
maximizing the value of sensitivity + specificity - 1[25]. The area under the curve (AUC) and Brier 
scores, which represent the discrimination and calibration power of the prediction model, were 
calculated. The Brier score measures the difference between the predicted probability and the ground 
truth[26], and a value of the Brier Score closer to 0 indicates a better calibration. In addition, to assess the 
clinical utility of the prediction model, decision curve analysis was used, which can determine whether 
patients benefit from using predictive models in clinical practice[27]. All machine learning algorithms 
were implemented using Python (version 3.9.7) with the scikit-learn (version 0.24.2) package.

Statistical analyses
The continuous variables were presented as mean ± SD and categorical variables as the count (%). A 
one-way analysis of variance with post hoc contrasts by the student-Newman-Keuls test was used to 
compare the differences between the continuous variables. For categorical variables, as appropriate, χ2 
or Fisher’s exact test was used. All P values were reported as two-tailed, and P < 0.05 was considered as 
statistical significance. 95%CI for the AUC, sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), and accuracy of the four models were calculated using IBM SPSS 
Statistics 20.0 (IBM Corp, Armonk, NY, United States) or Vassar Stats (online tool, http://
vassarstats.net/index.html).

RESULTS
Summary of demographic and clinical characteristics for training, testing, and external validation 
sets
Figure 1 presents the patient flow chart. A total of 1651 eligible cases were included, with 1163 subjects 
included in the training set, 291 subjects included in the testing set, and another 197 subjects in the 
external validation set. Comparisons between the training, testing, and external validation sets are 
presented in Table 1. The mean age of the 1163 patients in the training set was 57.6 years, and 59.7% 
were males. For the testing and the external validation sets, the mean age was 57.6 and 59.7 years, and 
56.0% and 53.8% were males, respectively. Major LARS was observed in 37.2% of patients in the training 
set, 35.1% in the testing set, and 37.1% in the external validation set.

Risk factors associated with major LARS
The importance of all the included variables calculated by the Boruta algorithm was shown in 
Figure 2A. Boruta calculates variables that are both strongly and weakly relevant to provide the best 
prediction accuracy. The blue boxes were shadow features automatically generated by the algorithm 
and were not included in the analysis. As the data indicated that anastomotic height, neoadjuvant 
therapy, diverting stoma, BMI, clinical stage, specimen length, tumor size, and age were selected as 
significantly relevant to major LARS.

Model development in the training set
The LR, RF, SVM and XGBoost algorithms were trained using the eight strongly related variables, and 
the AUCs, sensitivities, specificities, PPVs, NPVs, and accuracies were calculated (Figure 2B and C). The 
RF model exhibited optimal diagnostic performance (AUC = 0.869), and the optimal cutoff was 0.406. 
Therefore, the RF model was used for subsequent analysis. The details of the predictions generated by 
the RF model using the optimal threshold were shown in Figure 2D. Additionally, the predicted probab-
ilities for major LARS were significantly relevant to the ground truth in the training set (P < 0.001) 
(Figure 2E).

Performance of the RF model in the testing set
We tested the performance of the RF model in the testing set. The results demonstrated that the RF 
model performed with a favorable discrimination ability (AUC = 0.870, 95%CI: 0.833-0.901) (Figure 3A). 
The details of the predicted outcomes were presented in Figure 3B. Subsequently, the comparison of the 
predicted probabilities between the major LARS and no/minor LARS groups was conducted, and 
significant differences were observed (Figure 3C). Furthermore, a decision curve was plotted to evaluate 
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Table 1 Baseline characteristics of the training, testing, and external validation sets, n (%)

Variables Training cohort, n = 1163 Testing cohort, n = 291 Validation cohort, n = 197 P value

Age, yr 57.60 ± 10.83 57.56 ± 11.23 59.72 ± 9.58 0.034 

Male 694 (59.67) 163 (56.01) 106 (53.81) 0.206 

BMI, kg/m2 22.79 ± 2.92 22.89 ± 2.75 22.61 ± 4.02 0.382 

Neoadjuvant 67 (5.76) 19 (6.53) 9 (4.57) 0.659 

Hypertension 254 (21.84) 66 (22.68) 43 (21.83) 0.952 

Diabetes 83 (7.14) 26 (8.93) 9 (4.57) 0.185 

Previous abdominal surgery 141 (12.12) 45 (15.46) 22 (11.17) 0.250 

ASA < 0.001

    1 178 (15.31) 42 (14.43) 55 (27.92)

    2 893 (76.78) 218 (74.91) 89 (45.12)

    3 90 (7.74) 30 (10.31) 50 (25.38)

    4 2 (0.17) 1 (0.34) 3 (1.52)

Anastomotic height, cm 4.82 ± 2.37 4.57 ± 2.14 4.77 ± 2.56 0.298 

Specimen length, cm 10.99 ± 3.01 10.88 ± 3.11 15.21 ± 4.49 < 0.001

Diverting ileostomy 315 (27.09) 81 (27.84) 35 (17.77) 0.017 

Tumor size, cm 3.60 ± 1.29 3.53 ± 1.25 3.89 ± 1.35 0.546 

Stage < 0.001

    1 354 (30.44) 91 (31.27) 31 (15.74)

    2 405 (34.82) 94 (32.30) 108 (54.82)

    3 404 (34.74) 106 (36.43) 58 (29.44)

LARS 0.800 

    Minor/no 731 (62.85) 189 (64.95) 124 (62.94)

    Major 432 (37.15) 102 (35.05) 73 (37.06)

ASA: American Society of Anesthesiologists classification; BMI: Body mass index; LARS: Low anterior resection syndrome.

whether using the RF model in the clinic would do better than harm[28]. According to the decision 
curve analysis, patients with major LARS would have a net benefit superior to “treat all” or “treat none” 
with a range of threshold probability in approximately 20%-75% (Figure 3D).

External validation of the RF model
To assess the generalization capability of the RF model, an external validation based on 197 patients 
from another independent center was performed. The RF model identified patients with major LARS 
with an AUC of 0.852 (95%CI: 0.820-0.890) (Figure 4A). The confusion matrix presented the classification 
results generated by the RF model for identifying major LARS in the external validation set (Figure 4B). 
Figure 4C showed that the probabilities generated by the RF model for major LARS were significantly 
higher than those of no/minor LARS, suggesting that the predicted probabilities were significantly 
associated with the ground truth in the external validation set. Decision curve analysis also showed that 
patients would derive clinical benefits in a range of threshold probabilities (Figure 4D).

Evaluation of the prediction model
To assess the performance and calibration degree of the RF model in both the testing set and the 
external validation set, six performance metrics such as sensitivity, specificity, PPV, NPV, accuracy, and 
Brier score were applied. Their results calculated based on the optimal Youden index (cutoff) were 
summarized in Table 2. These results suggested that the RF model was determined to be capable and 
reliable in predicting major LARS, with satisfactory Brier score of 0.152 and 0.166 and accuracy of 0.787 
and 0.772, in both the testing set and the external validation set, respectively. In addition, to highlight 
the advantages of the RF model, the sensitivity, specificity, PPV, NPV, and accuracy of the preoperative 
LARS score (POLARS) model were calculated in both our testing set and external validation set. Taken 
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Table 2 Performance of the random forest model in the testing and external validation sets

RF
Indicator (95%CI)

Testing set, n = 291 Validation set, n = 197

Sensitivity 0.843 (0.755-0.905) 0.795 (0.681-0.877)

Specificity 0.757 (0.688-0.815) 0.758 (0.671-0.828)

PPV 0.652 (0.563-0.731) 0.659 (0.549-0.755)

NPV 0.899 (0.839-0.940) 0.862 (0.780-0.918)

Accuracy 0.787 (0.736-0.830) 0.772 (0.708-0.825)

Brier score 0.152 0.166

CI: Confidence interval; NPV: Negative predictive value; PPV: Positive predictive value; RF: Random forest.

Figure 1 Flow chart of the patients from two independent medical centers who were enrolled in the present study. AR: Anterior resection; 
LAR: Low anterior resection.

together, these values demonstrated that the performance of the RF model surpassed that of the 
POLARS score model, as shown in Table 3.

DISCUSSION
LARS is the most common complication following rectal cancer surgery. It is a severe complication and 
seriously impairs patient quality of life[1]. A meta-analysis based on 11 studies indicated that the 
morbidity of major LARS was as high as 41% (95%CI: 34-48)[5]. Fortunately, surgeons are now paying 
more and more attention to the functional consequences of cancer treatment and the quality of life[1,4]. 
LARS is a time-dependent syndrome, and the symptoms of some patients with LARS are relieved partly 
or completely 1 year or more after surgery. However, the symptoms in approximately 40% of patients 
remain stable and cannot be further improved[6,9,29].

Due to the variable symptom spectrum of LARS, ranging from incontinence for gas and liquid fecal 
matter to evacuation dysfunctions, the complex etiology, and unknown pathophysiology, there is no 
standard treatment available at present[30]. However, if patients with a high-risk major LARS can be 
treated with a conservative method (e.g., pelvic floor rehabilitation, transanal irrigation), minimally 
invasive therapies (e.g., biofeedback therapy, sacral nerve stimulation), or multimodal treatments during 
the period of the first year after surgery, their intestinal dysfunction may be significantly improved[9]. 
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Table 3 Performance of the preoperative low anterior resection syndrome score model in the testing and external validation sets

Indicators (95%CI) Testing set, n = 291 P value Validation set, n = 197 P value

Sensitivity 0.931 (0.859-0.970) 0.046 0.836 (0.727-0.909) 0.522

Specificity 0.079 (0.047-0.130) < 0.001 0.073 (0.036-0.137) < 0.001

PPV 0.353 (0.297-0.414) < 0.001 0.347 (0.278-0.422) < 0.001

NPV 0.682 (0.451-0.853) 0.004 0.429 (0.226-0.656) < 0.001

Accuracy 0.378 (0.323-0.437) < 0.001 0.355 (0.289-0.427) < 0.001

PPV: Positive predictive value; NPV: Negative predictive value.

Figure 2 Variable selection using the Boruta algorithm and overview of development of the models in the training set. A: The importance of all 
variables. The red boxes indicated the variables weakly relevant to major low anterior resection syndrome (LARS). The blue boxes were random variables 
automatically generated by the algorithm and were not included in the analysis. The green boxes indicated the variables strongly relevant to major LARS; B: Receiver 
operating characteristic curves of the four machine learning models in the training set. The red dot denotes the optimal Youden index for the random forest (RF) 
model; C: Performance measurements of the four machine learning models illustrated by sensitivity, specificity, positive predictive value, negative predictive value and 
accuracy; D: Confusion matrix of the optimization RF model; E: Comparison of predicted probabilities calculated by the RF model in patients with and without major 
LARS in the training set. ASA: American Society of Anesthesiologists classification; BMI: Body mass index; LR: Logistic regression; LARS: Low anterior resection 
syndrome; RF: Random forest; SVM: Support vector machine; XGBoost: Extreme gradient boosting; PPV: Positive predictive value; NPV: Negative predictive value.

Consequently, the negative impact of LARS on their quality of life could be minimized. In addition, 
since major LARS may counteract the relative benefits of anal sphincter-preserving surgery, the accurate 
prediction of major LARS may be helpful for patients and surgeons when deciding on temporary 
ileostomy, permanent colostomy, or sphincter-preserving surgery for low rectal cancer[31-33]. 
Therefore, it is crucial to perform risk stratification of rectal surgery cases to identify patients with a 
high risk of major LARS and to highlight patients who may require additional postoperative support.
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Figure 3 Performance of the random forest model in the testing set. A: Receiver operating characteristic curve of the random forest (RF) model in the 
testing set; B: Confusion matrices showed the predicted outcomes generated by the RF model in the testing set; C: Comparison of predicted probabilities between 
patients with and without major low anterior resection syndrome in the testing set; D: Decision curve analysis for the RF model in the testing set. AUC: Area under the 
curve; LARS: Low anterior resection syndrome; RF: Random forest; ROC: Receiver operating characteristic.

Battersby et al[15] developed and validated the POLARS score for restorative sphincter-sparing 
surgery for rectal cancer to predict intestinal dysfunction. The POLARS score includes six risk factors, 
such as age at surgery, sex, tumor height, preoperative radiotherapy, total/partial mesorectal excision, 
and the presence of stoma, as predictors. The model performs with moderate discriminative accuracy 
with Harrell’s C statistic of 0.615 and 0.625 in their two datasets. Essangri et al[16] reported that the 
POLARS score was questionable, and it failed to successfully validate the model in another population. 
This previous study implied that the model predictions may be dependent on patient background, 
including treatment strategies and physical, lifestyle, and dietary habit differences. In the present study, 
all participants were Chinese and underwent laparoscopic sphincter-sparing surgery for rectal cancer 
without splenic flexure mobilization. Several previous studies have pointed out that routine splenic 
flexure mobilization is not necessary for anterior resection of rectal cancer[34-36]. Instead, no splenic 
flexure mobilization would result in a shorter operation time and lower morbidity of postoperative 
complications associated with intestinal function, such as anastomotic leakage[37]. Moreover, to date, 
there is no machine learning model for predicting major LARS in Asian patients undergoing laparo-
scopic anterior resection based on a multicenter study.

In the present study, four machine learning algorithms were used to develop the machine learning 
model for major LARS prediction. These data suggested that the RF model performed with an optimal 
AUC in the training set. As expected, the RF model also achieved favorable predictions when it was 
tested in the testing and external validation sets. To the best of our knowledge, this is the first 
multicentric study to develop a machine-learning model for predicting major LARS in Asian patients 
undergoing laparoscopic anterior resection of rectal cancer. More importantly, the model performed 
with a satisfactory prediction in an independent medical center (AUC = 0.852; 95%CI: 0.820-0.890). 
Moreover, compared with the POLARS score, the RF model achieved superior performance in 
predicting major LARS in our cohort (accuracy of 0.772 for the RF model vs 0.355 for the POLARS score). 
In addition, the decision curve analysis demonstrated the net benefit (benefit minus risk) by using the 
model for patients diagnosed with major LARS within a range of threshold probabilities.

Although the explicit pathophysiological mechanism of LARS is still unclear, numerous studies[38-
40] agree that intestinal dysfunction in patients with rectal cancer who received restorative sphincter-
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Figure 4 Performance of the random forest model in the external validation set. A: Receiver operating characteristic curve of the random forest (RF) 
model in the external validation set; B: Confusion matrices showed the predicted outcomes generated by the RF model in the external validation set; C: Comparison 
of predicted probabilities between patients with and without major low anterior resection syndrome in the external validation set; D: Decision curve analysis for the RF 
model in the external validation set. AUC: Area under the curve; LARS: Low anterior resection syndrome; RF: Random forest.

sparing surgery is the result of a combination of multiple pathophysiological mechanisms. These 
include loss of rectal storage function, autonomic denervation, enhanced colonic movement, rectal-anus 
sensitivity reduction, anal resting pressure reduction, and diverting colitis[38]. Certain factors directly 
or indirectly related to these pathophysiological changes have been reported as important variables 
associated with LARS, such as low anastomosis, neoadjuvant therapy, postoperative chemoradio-
therapy, anastomotic leakage, diverting stoma, and the time interval from the creation of diverting 
stoma to closure[5,18,41,42]. In order to identify major LARS in the early postoperative period, some 
postoperative factors were not included, such as chemoradiotherapy and the time interval from creating 
diverting stoma to its closure. Among the included factors, low anastomosis and neoadjuvant therapy 
have been unanimously considered as important predictors for major LARS[5,43]. For example, Filips et 
al[44] reported that LARS was negatively correlated with the distance from anastomosis to the anal 
verge (OR: -1.145, 95%CI: -2.149 to -1.141, P = 0.026). In the present study, our data also indicated that 
the anastomotic height was the most important factor in the development of major LARS. In addition, 
the specimen length was selected as a predictor for major LARS in the present study, and it may be 
caused by greater surgical trauma.

As with any retrospective observational study, the present study had some uncontrollable limitations. 
First, the model is based on the Chinese population and does not necessarily reflect the worldwide 
target population. Its generalizability needs to be further tested. Second, the influence of a patient’s 
socioeconomic and cultural background, self-management ability, and social support are difficult to 
control. Third, the data reflecting anal sphincter injury and its severity during surgery cannot be 
evaluated. Finally, the LARS score may be affected by a variety of biases, such as patient selective 
memory, exaggeration, or understatement. To overcome these limitations, a prospective study is 
proposed to assess the predictive ability of the model.

CONCLUSION
In the present study, a machine learning model based on preoperative and intraoperative risk factors for 
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predicting LARS was developed. The model may be helpful for clinical medical staff to identify patients 
at an early stage with a high risk of developing major LARS within 1 year following laparoscopic 
surgery for rectal cancer. Moreover, it can potentially be used for patients to acquire early postoperative 
consultation and strengthen self-management to improve patient quality of life.

ARTICLE HIGHLIGHTS
Research background
Low anterior resection syndrome (LARS) severely impairs patient postoperative quality of life, 
especially major LARS. However, there are few tools that can accurately predict major LARS in clinical 
practice.

Research motivation
To stratify patients with LARS and predict patients at high risk of developing major LARS, improve 
patient counseling, and highlight patients who may need additional support after surgery.

Research objectives
The study aimed to identify the risk factors associated with major LARS and develop a prediction model 
that helps improve patient counseling and highlight patients who may need additional support after 
surgery.

Research methods
Clinical data and follow-up information of patients from two medical centers (one discovery cohort and 
one external validation cohort) were analyzed to identify independent factors associated with major 
LARS. For the discovery cohort, the machine learning prediction algorithms were developed and 
internally validated. In the external validation cohort, we evaluated the trained model using various 
performance metrics. Further, the clinical utility of the model was tested by decision curve analysis.

Research results
Eight factors, such as anastomotic height, neoadjuvant therapy, diverting stoma, body mass index, 
clinical stage, specimen length, tumor size, and age, were selected as significantly relevant to major 
LARS. A machine learning-based prediction model that integrated eight risk factors as input features 
was developed, externally validated, and demonstrated an acceptable predictive performance.

Research conclusions
We have developed and validated a robust tool for predicting major LARS. This model could potentially 
be used in the clinic to identify patients with a high risk of developing major LARS and then improve 
their quality of life.

Research perspectives
A prospective study including more medical centers is proposed to assess the model’s predictive ability.
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Abstract
BACKGROUND 
Since Heald proposed the total mesorectal excision (TME) procedure, the 
prognosis of patients with rectal cancer has been significantly improved. But 
Heald did not specifically describe the anterior surgical plane in female patients. 
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And the surgical plane for mobilizing the anterior rectal wall during TME surgery in female 
patients remains controversial.

AIM 
To investigate the anatomy of the female pelvis and identify the optimal plane for mobilizing the 
anterior rectal wall.

METHODS 
We retrospectively collected surgical procedure videos and clinical data of female patients 
diagnosed with middle or low rectal cancer who underwent the TME procedure between January 
2020 and October 2022 across six hospitals. The patients were divided into two groups based on 
the surgical approach used to mobilize the anterior rectal wall: The experimental group was to 
open the peritoneum at the lowest point of the peritonea reflection and enter the plane for 
mobilizing, while the control group was cut at 0.5-1 cm above the peritoneal reflection and enter 
another plan. Then, we compared the preoperative and postoperative information between the 
two groups. We also dissected and observed ten adult female pelvises to analyze the anatomic 
structure and compare the entry plane between the two approaches. Finally, we researched the 
pathological structure between the rectum and the vagina.

RESULTS 
Finally, 77 cases that met the criteria were included in our study. Our observations revealed that 
the experimental group underwent a smooth procedure, entering the plane amidst the mesorectal 
fascia and adventitia of the vagina, whereas the control group entered the plane between the 
vaginal adventitia and muscle layers. Compared to the control group, the experimental group 
showed a significant decrease in intraoperative bleeding [22.5 (19.5-50) mL vs 17 (5-20) mL, P = 
0.01], as well as a shorter duration of hospitalization [9 (7-11.25) d vs 7 (6-10) d, P = 0.03]. Through 
the examination of surgical videos and cadaveric studies, we discovered that Denonvilliers' fascia 
is absent in females. Additionally, pathological sections further revealed the absence of 
Denonvilliers' fascia in females, with only loose connective tissue present between the mesorectal 
fascia and adventitia of the vagina.

CONCLUSION 
The plane amidst the mesorectal fascia and vaginal adventitia is the optimal surgical plane to 
mobilize the anterior rectal wall for female patients undergoing the TME procedure.

Key Words: Rectal cancer; Procedure; Female; Rectal surgery specialty; Fascia; Laparoscopic

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

Core Tip: In combination with the macroscopic and microscopic perspectives, we discovered that 
liberating the anterior rectal wall within a certain plane not only guarantees negative perirectal margins but 
also mitigates the potential for hemorrhage. This plane, situated amidst the mesorectal fascia and vaginal 
adventitia, proves to be the most advantageous approach for female patients undergoing total mesorectal 
excision.

Citation: Jin W, Yang J, Li XY, Wang WC, Meng WJ, Li Y, Liang YC, Zhou YM, Yang XD, Li YY, Li ST. Where 
is the optimal plane to mobilize the anterior rectal wall in female patients undergoing total mesorectal excision? 
World J Gastroenterol 2023; 29(19): 2992-3002
URL: https://www.wjgnet.com/1007-9327/full/v29/i19/2992.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i19.2992

INTRODUCTION
In 1982, Heald proposed the total mesorectal excision (TME) procedure[1], which significantly improved 
the prognosis of patients with rectal cancer[2]. The local recurrence of rectal cancer in 5 years decreased 
from 25% to 5%, as compared to the traditional operation plus radiotherapy group in the TME operation 
group[3]. TME soon became a classical operation method and was widely accepted by colorectal 
surgeons. Heald subsequently described the bloodless planes of TME surgery, known as the "holy 
plane," as follows: “If we cut straight on to the vesicles we find an essentially bloodless plane between 
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them and the fascia of Denonvilliers and we can proceed down the enemy to this until it comes forward 
to become somewhat should come to the state, when we must cut through it to liberate the lower third 
of the correction enemy”[4].

Professor Heald believes that in male patients, the anterior plane of TME should be anterior to 
Denonvilliers' fascia, and the anterior aspect of the specimen should include the complete Denonvilliers' 
fascia and peritoneal folds[3]. However, he did not specifically describe the anterior surgical plane in 
female patients[1], and the presence of Denonvilliers’ fascia in females (rectovaginal septum[5]) remains 
controversial[6,7]. We also haven’t found any research describing the plane of TME for female patients 
when the front rectal wall performs mobilization till now[8-10]. Many colorectal surgeons struggle to 
find an ideal plane for mobilizing the anterior rectal wall during TME, which can result in intraop-
erative bleeding or vaginal damage.

Therefore, we conducted this study to explore the optimal plane to mobilize the anterior rectal wall in 
female patients. We retrospectively analyzed rectal cancer surgery videos collected from different 
medical centers and studied the anatomy of the female pelvis for the accurate determination of the 
optimal plane to mobilize the anterior rectal wall in female patients with rectal cancer.

MATERIALS AND METHODS
Clinical data and video review
We retrospectively collected clinical data and surgical videos from six hospitals between January 2020 
and October 2022. The surgeries were performed by experienced colorectal surgeons, each of whom 
performed more than 100 colorectal cancer operations annually. Our study initially included female 
patients with middle or low rectal cancer who underwent laparoscopic TME. Patients who had 
preoperative magnetic resonance imaging assessment indicating invasion of the anterior rectal wall, a 
history of rectal surgery, absence of surgical videos or relevant clinical data, and the presence of distant 
metastases were excluded. And they were divided into two groups based on the surgical approaches 
used. In the experimental group, the peritoneum was incised at the lowest point of peritoneal reflection 
to access the mobilization plane, while in the control group, the peritoneum was incised 0.5-1 cm above 
the peritoneal reflection, accessing a different plane. The surgical procedures were reviewed by two 
experienced colorectal surgeons separately.

The patient's pre- and postoperative data were obtained from medical records, while intraoperative 
bleeding was measured as the total amount of blood loss recorded in surgical records. Postoperative 
complications were classified into postoperative bleeding, anastomotic leakage, and other complications 
(such as pleural effusion, fever, etc.). Anastomotic leakage was defined as a communication between the 
intra- and extraluminal compartments due to a defect in the integrity of the intestinal wall at the 
anastomosis between the colon and rectum or colon and anus[11], diagnosis through computed 
tomography (CT) imaging. Pleural effusion was confirmed through CT imaging to establish the 
diagnosis. Complications were graded by the Clavien-Dindo classification[12].

Cadaver specimens
Ten female cadavers were dissected in the anatomy laboratory of Wenzhou Medical University, which 
had been donated to the Department of Anatomy following ethical guidelines. The cadavers underwent 
arterial perfusion with 8% formalin and preservation with 30% alcohol. The corpses were well-
preserved, without tissue decay and structural damage. All female cadavers were sourced from young 
adult females without a history of pelvic diseases. After separating the pelvis from the body, the 
pelvises were cut in the midsagittal position to expose the rectum and vagina. The pelvises were 
divided into two to show the rectum and vagina. After clearly exposing the rectal and vaginal 
structures, a skilled colorectal surgeon and anatomist performed the subsequent operations in 
accordance with the two different operation procedures of TME, on the same pelvis. At first, the 
peritoneum was cut at the lowest point of peritoneal reflection and entered the plane to mobilize as the 
procedure of the experimental group. Then, the surgeon incised the peritoneum at approximately 0.5–1 
cm above the peritoneal reflection and started the separation as the procedure of the control group. 
Photos and records were taken during the dissection.

Pathological histochemistry
A pathologist participated in and supervised the pathological research. We separated the rectovaginal 
tissue from the other half of the complete pelvis and preserved it in 8% formalin. Then, the remaining 
tissue was used for pathology and immunohistochemistry analysis. Sections were stained with 
hematoxylin-eosin and observed under an electron microscope with a magnification of ten times. 
Microscopic examination of the rectal and vaginal structures enabled us to determine the presence of 
Denonvilliers’ fascia. Immunohistochemical and pathological studies were completed by the Pathology 
Department of Wenzhou Medical University.
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Stastical analysis
IBM SPSS Statistics 25 software was used for the analysis of clinical data, Two-sided P < 0.05 indicated 
significance. Continuous variables with normal distribution were summarized as mean (SD) and two 
independent samples t-test was used for the statistics. For continuous variables with non-normal distri-
bution were summarized as median (IQR) and Mann-Whitney U test were used for the statistics. 
Categorical variables were summarized as numbers (percentages) and analyzed using the chi-square 
test, while the Mann-Whitney U test was used for the Statistics of ordered classification variables. The 
statistical review of this study was performed by a biomedical statistician.

RESULTS
Video review and clinical data
Seventy-seven patients who met the criteria were included in our study, with 35 in the experimental 
group and 42 in the control group. There were no significant differences in the general information 
between the two groups. The patients' general information is summarized in Table 1.

In the experimental group, the peritoneum was cut at the lowest point of the peritoneal reflection to 
enter the anterior rectal space (as shown in Figure 1), in which the anterior rectal wall can be easily 
dissociated from the posterior wall of the vagina. The rectum was light yellow due to the light-yellow 
adipose tissue surrounded by the mesorectal fascia. Blood vessels could be seen in the mesorectum, and 
the mesorectum was dissected completely. It can be dissociated through blunt separation combined 
with sharp separation. In this process, the operation field could remain bloodless, and the vaginal 
structure and rectal structure were easy to distinguish from each other. The mesorectal fascia and 
vaginal were complete after dissection, and no Denonvilliers’ fascia-like structure was present between 
them. In contrast, the control group cut the peritoneum at approximately 0.5–1 cm above the peritoneal 
reflection and freed the rectal wall between the vaginal muscular and the vaginal adventitia (as shown 
in Figure 2). Although a structure similar to Denonvilliers’ fascia was found, it was closely connected to 
the vaginal muscular and could only be torn off through sharp separation. The muscular structure of the 
vagina was revealed after the operation, which often caused bleeding. Furthermore, the vaginal 
structure was no longer intact after dissection since the vaginal adventitia was separated from the 
muscular layer. After reviewing all the surgical procedures, finding an obvious membrane structure 
between the mesorectal fascia and vaginal adventitia in females was difficult. The fascial structure that 
we found during the operation was the vaginal adventitia, while the so-called female Denonvilliers’ 
fascia does not exist.

Compared with the control group, the experimental group had less intraoperative bleeding [22.5 
(19.5-50) mL vs 17 (5-20) mL; P = 0.01], and shorter length of hospitalization [9 (7-11.25) d vs 7 (6-10) d; P 
= 0.03]. Although the incidence of postoperative complications was lower than that of the control group, 
the results were not statistically significant. No deaths occurred in either group in the first 30 d after 
surgery. All Pathological specimens’ Circumferential Resection Margins (CRM) were negative after the 
operation. Statistical result is summarized in Table 2.

Gross anatomy
As depicted in Figure 3A, the layers of the rectum and vagina were displayed, and the main structures 
could be distinguished. The vaginal muscular layer was brown, and the mucosal layer was gray. The 
mucosa of the rectum was yellowish, the submucosa was white, and the muscular layer was brown. 
However, distinguishing between the vaginal adventitia and the mesorectal fascia with the naked eye 
was difficult.

The dissociation process of the experimental group proceeded seamlessly. As depicted in Figure 3B, 
the mobilization plane traversed the interface between the vaginal adventitia and the fascia of the 
mesorectum. A discernible space between the vaginal adventitia and the mesorectal fascia was 
observed, which could be adroitly separated through blunt dissection. The vaginal adventitia and the 
mesorectal fascia were generally white without fascia-like tissues or blood vessels between them. 
Occasionally, blood vessels were visible beneath the vaginal adventitia. The boundary between the 
muscular layer and the adventitia was clear, with the muscular layer appearing dark and the adventitia 
appearing white.

As shown in Figure 3C, the mobilization plane entered the plane between the vaginal adventitia and 
the muscular layer by the procedure of the control group. When the vaginal adventitia was separated 
from the muscular layer, we found that the attachment between the vaginal adventitia and the muscular 
layer was stronger than the attachment between the vaginal adventitia and the mesorectal fascia, which 
could not be easily mobilized by blunt separation and can only be mobilized by sharp separation. After 
dissociation, the vaginal adventitia could be seen to be a single-layer fascia-like structure with a white 
color that was different and easy to distinguish from the dark muscle layer. No distinct or separate 
Denonvilliers' fascia was identified. At the same time, after the vaginal adventitia was forcibly torn off 
from the muscular layer, the muscular layer structure was damaged. Some residual muscle fiber tissue 
could be seen on the vaginal adventitia.
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Table 1 General information of the patient

Control group (n = 42) Experimental group (n = 35) P value

Height, mean (SD), cm 157.64 (6.03) 157.17 (5.29) 0.72

Weight, mean (SD), kg 57.02 (8.82) 57.37 (10.22) 0.87

BSA, mean (SD) 1.62 (0.14) 1.67 (0.15) 0.17

Age, mean (SD), y 60.50 (10.94) 63.86 (12.77) 0.22

Preoperative chemoradiotherapy 6 (14.3) 4 (11.4) 0.98

BSA: Body surface area.

Table 2 Postoperative information of the patient

Control group (n = 42) Experimental group (n = 35) P value

Operation time, mean (SD), min 233.14 (75.12) 228.66 (80.32) 0.8

IB, median (IQR), mL 22.5 (19.5-50) 17 (5-20) 0.01

NRL, median (IQR) 13.5 (10-16.5) 15 (13-19) 0.24

Hospital stays, median (IQR), days 9 (7-11.25) 7 (6-10) 0.03

Pathology stage 0.52

I 21 (50.0) 15 (42.8)

II 10 (23.8) 9 (25.7)

III 11 (26.2) 11 (31.5)

T 0.62

1 12 (28.6) 8 (22.9)

2 12 (28.6) 12 (34.3)

3 15 (35.7) 10 (28.6)

4 3 (7.1) 5 (14.3)

N 0.75

0 32 (76.2) 24 (68.6)

1 8 (19.0) 9 (25.7)

2 2 (4.8) 2 (5.7)

CDC 0.84

I 8 (19.0) 3 (8.6)

II 2 (4.8) 1 (2.9)

Postoperative complications 10 (23.81) 4 (11.43) 0.16

Postoperative bleeding 1 0

Anastomotic leakage 3 2

Other complications 8 4

CDC: Clavien-Dindo classification; IB: Intraoperative bleeding; IQR: Inter-quartile range; NRL: Number of retrieved lymph nodes.

Pathological histochemistry
As shown in Figure 4, the rectal and vaginal tissues showed clear stratification: The rectum was divided 
into the mucosa, submucosa, inner ring muscle layer, outer longitudinal muscle layer, mesorectum, and 
the mesorectal fascia surrounding the mesorectum. The vaginal wall was divided into three layers: 
Mucosa, muscular, and adventitia layers. The adventitia layer was composed of dense connective tissue 
with scattered loose connective tissue among it. A gap was present between the mesorectal fascia and 
the vaginal adventitia. Numerous loose connective tissue, but no obvious fascia-like structures, were 
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Figure 1 The procedure of the experimental group. A: The peritoneum was cut at the lowest point of the peritoneal reflection to enter the anterior rectal 
space; B: After the incision of the peritoneal reflection, a space can be seen, in which can we easily free the anterior rectal wall. This space is considered the 
rectovaginal space; C: No other fascial structure was present between the fascia propria of the rectum and the adventitia of the vagina, and these two fascial 
structures could be pushed away from each other by an ultrasonic knife through blunt separation. ADV: Adventitia of the vagina; FPR: Fascia propria of the rectum; 
MR: Mesorectum; PR: Peritoneal reflection; R: Rectum; V: Vagina; ARS: Anterior rectal space.

Figure 2 The procedure of the control group. A: The peritoneum was cut 0.5-1 cm above the peritoneal reflection. The peritoneal reflection was slightly 
white, and its texture was different from the texture of other structures during the operation; B: The cutting plane was between the vaginal muscle layer and the 
adventitia. The vaginal adventitia was closely adherent to the muscle layer; C: Bleeding occurred after stripping the vaginal adventitia from the muscle, and 
hemostasis was performed. ADV: Adventitia of the vagina; FPR: Fascia propria of the rectum; MR: Mesorectum; MUS: Muscle; PR: Peritoneal reflection; R: Rectum; 
V: Vagina.

present inside this gap. Occasionally, some scattered dense connective tissue and fragment-like fascial 
structure could be seen but were difficult to identify as fascial structures.
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Figure 3 Gross anatomy. A: Observation of the female pelvis; B: The procedure of the experimental group; C: The procedure of the control group. Black arrow: 
Adventitia of the vagina; white arrow: Fascia propria of the rectum. ARS: Anterior rectal space; MR: Mesorectum; MUC: Mucosa; MUS: Muscle; PR: Peritoneal 
reflection; R: Rectum; SMUC: Submucosa; V: Vagina; FPR: Fascia propria of the rectum; MR: Mesorectum.

Figure 4 Pathological section of the rectovaginal structure. Pathological section showing the absence of an obvious fascia-like structure between the 
fascia propria of the rectum and the adventitia of the vagina. ADV: Adventitia of the vagina; FPR & MR: Fascia propria of the rectum and mesorectum; MUCV: 
Mucosa of the vagina; MUSR: Muscle of the rectum; MUSV: Muscle of the vagina; SMR: Submucosa of the rectum; MUCR: Mucosa of the rectum.

DISCUSSION
In 1836, after observing the anatomy of the male pelvis, Denonvillier found a single-layer membrane-
like structure between the rectum and prostate that he called the “prostatoperitoneal membrane”[13]. 
Later, in memory of Denonvillier, people called this fascial structure Denonvilliers’ fascia, which is 
considered a structure that starts from the peritoneal reflection and ends at the perineum. The prostate 
and seminal vesicle glands are located in front of this structure. The rectum locates behind it, and 
vascular and nerve bundles are located on both sides of this structure. Undoubtedly, colorectal doctors 
have reached a consensus on the existence of Denonvilliers’ fascia in the male pelvis. However, whether 
this fascia exists in females remains highly debated. Denonvillier elaborated on this structure by 
dissecting the male pelvis but did not mention its relevance in females. Later researchers also 
encountered many contradictions and disputes regarding the description of this structure.
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In 1969, after dissecting 143 bodies, Milley and Nichols[14] confirmed the presence of a rectovaginal 
septum. They found a rectovaginal septum in 23 of 25 adult females and all dissected female infants. 
Despite the individual differences, the existence of this structure appears to be unaffected by age and 
hormones. At the same time, a close adhesion existed between this diaphragm and the fascia 
surrounding the vagina, they believed that this close adhesion may be a major reason why some 
anatomists deny the existence of the vaginal rectal septum[14].

Zhai et al[5] proved the existence of the female rectovaginal septum by studying the whole pelvic 
viscera embedded in celloidin (25 female pelvic visceral organs). He pointed out that the rectovaginal 
septum could be divided into two layers: Denonvilliers’ fascia and the mesorectal fascia from the 
traditional point of view. Denonvilliers’ fascia tightly surrounds the posterior and lateral walls of the 
vagina, and the Denonvilliers’ fascia and the mesorectal fascia are not attached to the rectouterine 
pouch. Instead, they extend upward along the peritoneum. In this anatomy, the anterior layer integrates 
into the uterus, and the posterior layer gradually thins and disappears. The rectovaginal septum plays 
an important role in preventing the spread of malignant tumors[5].

Bertrand et al[6] found that Denonvilliers’ fascia is an independent structure of the mesorectal fascia 
and the cervix as well as the vagina by studying female fetuses’ anatomy[6]. However, they were likely 
to mistake the vaginal adventitia for Denonvilliers’ fascia (rectovaginal septum). In our study on adult 
females, we only found loose connective tissue in the plane between the mesorectal fascia and the 
adventitia of the vagina. No other fascia-like structures were found between these structures. Due to the 
absence of other structures in this plane, we were able to easily separate the rectum and vagina without 
causing damage to the vaginal structure during the complete removal of the mesorectum. And the 
vaginal adventitia seems like Denonvilliers’ fascia if it was separated from the vaginal muscle. 
Recognizing the adventitia of the vagina as Denonvilliers' fascia and forcefully separating it from the 
muscular layer could often cause bleeding.

At the same time, some people proposed the opposite opinion. Zhang et al[15] found only some 
membrane-like fascial fragments in the adipose tissue between the rectum and the vagina in the frozen 
sections of the corpses of three adult females aged 58–86 years old. They believed that previous studies 
may have regarded these fascial fragments as Denonvilliers’ fascia; however, considering the age limit 
of their samples, their results still need further research[15]. An analysis of surgical and pathological 
samples from three females showed that the so-called fascia and vaginal wall had the same histological 
manifestations under pathology and were not distinguishable[16]. Therefore, Farrell et al[16] believed 
that the so-called fascia was an artificial surgical separation from the vagina that occurred when 
separating the vagina and surrounding organs[16]. In 2005, through the analysis of four female 
anatomical samples, Kleeman et al[17] also obtained a similar conclusion, that is, no fascia exists 
between the rectum and vagina. The rectovaginal septum used to repair the rectocele is an artificial 
surgical separation of tears from the vagina[17]. Meanwhile, after dissecting twenty-five female 
cadavers, García-Gausí et al[7] came to the same conclusion as Farrell et al[16]: That an independent 
rectovaginal septum could only be produced by tearing the vaginal adventitia. They found only a layer 
of loose connective tissue between the vagina and the rectum[7]. This is consistent with the findings of 
our study.

Based on the anatomy of four cadavers, Fang proposed that for surgery in early rectal cancer, 
mobilizing the rectum behind Denonvilliers’ fascia can not only ensure the integrity of the mesorectum 
but also control related postoperative complications[18]. Although his viewpoint on whether 
Denonvilliers’ fascia exists in females is different from ours, his conclusion on the female surgical 
approach is similar to ours. Simultaneously, some researchers have discovered that in the case of early 
rectal cancer, mobilizing the rectal wall behind Denonvilliers' fascia results in similar 5-year local 
recurrence rates as the traditional TME approach, while also reducing the incidence of complications
[19]. Nevertheless, we believe that these researchers may have misidentified the vaginal adventitia as 
Denonvilliers' fascia in female patients.

We found that in females, the plane between the vaginal adventitia and the mesorectal fascia is 
suitable for rectal cancer surgery. By dissecting the rectum along the plane between the mesorectal 
fascia and the vaginal adventitia, not only can the risk of bleeding and damage to physiological 
structures be minimized, resulting in a faster recovery and shorter hospitalization, but it can also 
guarantee complete removal of the mesorectum and negative CRM status. Thus, this plane is the 
optimal plane in female patients with rectal cancer undergoing TME. Our research focused on the 
macro- and microlevels, combined with clinical data to explore the anatomy of the rectum and the 
vagina from multiple angles to obtain a highly scientific conclusion. Not only did we provide stronger 
evidence supporting the absence of Denonvilliers' fascia as an independent structure in females, but we 
also discovered that the anterior rectal space is the optimal plane to mobilize the anterior rectal wall for 
female patients undergoing TME.

However, as this study was retrospective and had a limited sample size, the observed differences in 
complication rates between the two procedures were not statistically significant. Future studies with 
larger sample sizes may yield more conclusive results. Additionally, due to the relatively short follow-
up period since the patients' surgeries, long-term prognostic and sexual function outcomes have not 
been thoroughly investigated. Nonetheless, we intend to address this limitation in our subsequent 
studies.
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CONCLUSION
In adult females, Denonvilliers’ fascia is absent, we could only find loose connective tissue between the 
mesorectal fascia and vaginal adventitia. The vaginal adventitia is tightly adherent to the vaginal 
muscular layer and was difficult to separate from the muscle layer. By incising the peritoneum at the 
lowest point of peritoneal reflection, a plane between the mesorectal fascia and vaginal adventitia can be 
accessed. Mobilizing the anterior rectal wall in this plane could not only ensures the integrity of the 
mesorectum but also reduces intraoperative bleeding and hospital stay. Dissecting in this plane follows 
a natural avascular space without damaging the vaginal structure and simplifies the surgical procedure. 
Therefore, this is the optimal plane for mobilizing the anterior rectal wall for female patients 
undergoing TME procedures.

ARTICLE HIGHLIGHTS
Research background
Currently, there are no comprehensive descriptions available regarding the approach for dissecting the 
anterior wall of the female rectum. Many surgeons encounter intraoperative bleeding due to the lack of 
an appropriate dissection plane.

Research motivation
The surgical approach for mobilizing the anterior rectal wall during total mesorectal excision surgery in 
female patients remains controversial. However, with a more profound comprehension of the pelvic 
anatomy, we can identify the avascular plane, reducing intraoperative bleeding and preventing harm to 
physiological structures.

Research objectives
We aim to gain a better understanding of the female pelvic anatomy to identify an optimal approach for 
dissecting the anterior wall of the rectum. This will facilitate improved surgical outcomes for female 
patients with middle or low rectal cancer.

Research methods
Firstly, we retrospectively grouped patients based on different approaches after reviewing surgical 
videos. Clinical information was collected and pre-and post-operative data were compared, along with 
reviewing surgical videos to understand the anatomy and intraoperative situation. Subsequently, the 
female pelvic structure was studied through cadaveric dissection and histological sections.

Research results
We discovered that opening the peritoneum at the lowest point of peritoneal reflection allows access to 
the plane between the vaginal adventitia and mesorectal fascia. Opening the peritoneum 0.5-1 cm above 
the peritoneal reflection enters another plane located between the vaginal adventitia and vaginal muscle 
layer. The first approach has lower intraoperative bleeding and shorter hospital stay compared to the 
second approach. Neither cadaveric dissection nor pathological examination revealed the existence of 
Denonvilliers' fascia. Only loose connective tissue exists between the rectosacral fascia and the vaginal 
adventitia.

Research conclusions
Denonvilliers' fascia is absent in females. The plane amidst the mesorectal fascia and vaginal adventitia 
is the optimal surgical plane to mobilize the anterior rectal wall for female patients.

Research perspectives
In future studies, we will explore the long-term prognosis of the two approaches for women, as well as 
the impact on postoperative sexual and vaginal function.
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Abstract
BACKGROUND 
The interruption of mother-to-child transmission (MTCT) is considered important 
to decrease the individual and population morbidity of hepatitis B virus (HBV) 
infection as well as the global burden of hepatitis B. Serum vitamin D (VD) is 
associated with hepatitis B.

AIM 
To assess whether baseline VD levels and single nucleotide polymorphisms of the 
VD receptor gene (VDR SNPs) are associated with the efficacy of tenofovir 
disoproxil fumarate (TDF) in the prevention of MTCT in pregnant women with 
high HBV viral loads.

METHODS 
Thirty-eight pregnant women who were at high risk for MTCT of HBV (those 
with an HBV DNA level ≥ 2 × 105 IU/mL during 12-24 wk of gestation) receiving 
antiviral therapy of TDF between June 1, 2019 and June 30, 2021 in Mianyang 
were included in this retrospective study. The women received 300 mg TDF once 
daily from gestational weeks 24-28 until 3 mo after delivery. To further charac-
terize the clinical relevance of maternal serum HBV DNA levels, we stratified 
patients according to HBV DNA level as follows: Those with levels < 2 × 105 (full 
responder group) vs those levels ≥ 2 × 105 IU/mL (partial responder group) at 
delivery. Serum levels of 25-hydroxyvitamin D [25(OH)D], liver function markers, 
virological parameters, VDR SNPs and other clinical parameters were collected to 
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analyze their association with the efficacy of TDF. The Mann-Whitney U test or t test was used to 
analyze the serum levels of 25(OH)D in different groups. Multiple linear regressions were utilized 
to analyze the determinants of the maternal HBV DNA level at delivery. Univariate and multi-
variate logistic regression analyses were employed to explore the association of targeted antiviral 
effects with various characteristics at baseline and delivery.

RESULTS 
A total of 38 pregnant women in Mianyang City at high risk for MTCT of HBV were enrolled in 
the study. The MTCT rate was 0%. No mother achieved hepatitis B e antigen or hepatitis B surface 
antigen (HBsAg) clearance at delivery. Twenty-three (60.5%) participants were full responders, 
and 15 (39.5%) participants were partial responders according to antiviral efficacy. The present 
study showed that a high percentage (76.3%) of pregnant women with high HBV viral loads had 
deficient (< 20 ng/mL) or insufficient (≥ 20 but < 31 ng/mL) VD levels. Serum 25(OH)D levels in 
partial responders appeared to be significantly lower than those in full responders both at baseline 
(25.44 ± 9.42 vs 17.66 ± 5.34 ng/mL, P = 0.006) and delivery (26.76 ± 8.59 vs 21.24 ± 6.88 ng/mL, P = 
0.044). Serum 25(OH)D levels were negatively correlated with maternal HBV DNA levels [log(10) 
IU/mL] at delivery after TDF therapy (r = -0.345, P = 0.034). In a multiple linear regression 
analysis, maternal HBV DNA levels were associated with baseline maternal serum 25(OH)D levels 
(P < 0.0001, β = -0.446), BMI (P = 0.03, β = -0.245), baseline maternal log10 HBsAg levels (P = 0.05, β 
= 0.285) and cholesterol levels at delivery (P = 0.015, β = 0.341). Multivariate logistic regression 
analysis showed that baseline serum 25(OH)D levels (OR = 1.23, 95%CI: 1.04-1.44), maternal VDR 
Cdx2 TT (OR = 0.09, 95%CI: 0.01-0.88) and cholesterol levels at delivery (OR = 0.39, 95%CI: 0.17-
0.87) were associated with targeted antiviral effects (maternal HBV DNA levels < 2 × 105 at 
delivery).

CONCLUSION 
Maternal VD levels and VDR SNPs may be associated with the efficacy of antiviral therapy in 
pregnant women with high HBV viral loads. Future studies to evaluate the therapeutic value of 
VD and its analogs in reducing the MTCT of HBV may be justified.

Key Words: Hepatitis B virus; Vitamin D; Vitamin D receptor polymorphism; Antiviral therapy; Pregnancy; 
Mother-to-child transmission

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

Core Tip: This retrospective study investigated the influence of vitamin D (VD) levels and single 
nucleotide polymorphisms of the VD receptor gene (VDR SNPs) on the efficacy of tenofovir disoproxil 
fumarate in preventing mother-to-child transmission in 38 pregnant women with high hepatitis B viral 
loads. We demonstrate a significant association between low serum levels of 25-hydroxyvitamin D and 
high levels of hepatitis B virus replication in pregnant women with high hepatitis B viral loads, and 
maternal VD levels as well as VDR SNPs may be associated with the efficacy of antiviral therapy.

Citation: Wang R, Zhu X, Zhang X, Liu H, Ji YL, Chen YH. Association of vitamin D and polymorphisms of its 
receptor with antiviral therapy in pregnant women with hepatitis B. World J Gastroenterol 2023; 29(19): 3003-
3012
URL: https://www.wjgnet.com/1007-9327/full/v29/i19/3003.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i19.3003

INTRODUCTION
Hepatitis B virus (HBV) infection is a serious public health problem that causes a very large medical and 
economic burden worldwide. Mother-to-child transmission (MTCT) is the main route of HBV trans-
mission, accounting for 30%-50% of chronic infections in China[1]. In particular, China is a major 
contributor to achieving the global goal of eliminating hepatitis B as a threat to public health by 2030[2]. 
The interruption of MTCT is considered important to decrease the individual and population morbidity 
of HBV infection as well as the global burden of hepatitis B. In recent years, Chinese scholars have 
continuously published and updated the management algorithm for the prevention of the MTCT of 
HBV, which has achieved good clinical application[3,4]. To date, the use of antiviral drugs in 
combination with immunoprophylaxis in pregnant women has been shown to be safe and effective in 
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reducing the MTCT of HBV[4].
Vitamin D (VD) is a fat-soluble steroid hormone that is widely found in systemic organs and tissues, 

including the brain, bones, cardiac system and immune system, and has multiple effects on human 
health and many diseases, including infectious diseases. In fact, VD deficiency has been detected in a 
variety of chronic liver diseases, including chronic viral hepatitis[5-8]. Moreover, VD deficiency is 
common among patients with chronic hepatitis B infection and is associated with adverse clinical 
outcomes[9]. Similarly, VD levels are lower in pregnant women with chronic HBV infection than in 
healthy pregnant women[10]. Clinical and epidemiological studies support the role of VD in inhibiting 
HBV infection, and this antiviral effect is widely attributed to the VD receptor (VDR)[11].

Different studies have focused on single nucleotide polymorphisms of the VDR gene (VDR SNPs) and 
HBV. VDR ApaI has been associated with the presence of hepatitis B surface antigen (HBsAg) and viral 
loads at different times[12]. In addition to its effect on viruses, VD plays an important role for the 
mother and fetus during pregnancy and has been associated with influencing adverse perinatal events.

However, few data are available with regard to the association of VD levels and VDR SNPs with 
clinical parameters and treatment outcomes in pregnant women with high HBV viral loads. The aims of 
our present retrospective study were to study whether baseline VD levels and VDR SNPs were 
associated with the efficacy of tenofovir disoproxil fumarate (TDF) in the prevention of MTCT in 
pregnant women with high HBV viral loads.

MATERIALS AND METHODS
Study population
This was a retrospective study. As part of “The National Science & Technology Pillar Program during 
the 13th Five-year Plan Period”, HBsAg-positive pregnant women receiving TDF were included from 
Mianyang between June 1, 2019 and June 30, 2021. The present study was approved by the Institutional 
Review Board of the West China Hospital, Sichuan University (No. 2019-151), and informed consent 
was obtained from all patients before recruitment.

Pregnant women screened for HBV DNA at high risk for MTCT (HBV DNA thresholds ≥ 2 × 105 IU/
mL) according to WHO recommendations during 12-24 wk of gestation and completed antiviral therapy 
as required were included in the study. Women received 300 mg TDF once daily from gestational weeks 
24-28 until 3 mo after delivery, in addition to HBV immune globulin and three doses of HBV 
vaccination, including a birth dose given to the neonate. The main exclusion criteria were as follows: (1) 
Coinfection of syphilis, Toxoplasma gondii, human immunodeficiency viruses, or types of viral hepatitis 
other than HBV; (2) major systemic disease, including heart disease, malignant neoplasm, or renal 
insufficiency; (3) evidence of liver cirrhosis, hepatic decompensation and other liver diseases such as 
drug-induced hepatitis, autoimmune liver disease, or alcoholic liver disease; (4) evidence of congenital 
anomalies of the fetus; (5) antiviral treatment within a short period of time prior to treatment with TDF 
or failure to complete TDF antiviral therapy as required; and (6) incomplete data, including basic 
information, VD levels before and after treatment, VDR SNPs, virological indicators, etc.

Data collection and definition
The basic information of the pregnant woman including age, height, weight, season of blood sample 
collection and other basic information was collected. Meanwhile, maternal virological indicators, 
including HBsAg, hepatitis B e antigen (HBeAg) and HBV DNA, were recorded before antiviral 
treatment and at delivery after antiviral treatment. Moreover, common clinical parameters before 
antiviral treatment and at delivery after antiviral treatment including peripheral blood count, liver 
function, kidney function and other parameters were also collected. Laboratory tests were performed 
according to our previous description[13,14].

Previously collected blood samples were used to assess maternal VD levels and VDR SNPs. In 
particular, VD was assessed at baseline and at the time of delivery by measuring serum 25-
hydroxyvitamin D [25(OH)D] levels. Serum 25(OH)D was analyzed by LCMS/MS (Agilent Techno-
logies Inc., LCMS/MS1260-6470, CA, United States) after hexane extraction with deuterated 25(OH)D as 
a control as previously described[15]. Levels of VD were categorized as follows: < 20 ng/mL = deficient; 
≥ 20 but < 31 ng/mL = insufficient; and ≥ 31 ng/mL = normal. Genomic DNA was isolated from blood 
samples (MagNA Pure Compact, Roche). VDR SNPs were assessed through a real-time PCR allelic 
discrimination system (LightCycler 96, Roche). We investigated the following gene SNPs: VDR: 
rs7975232 (ApaI)C>A, rs11568820 (Cdx2)T>C, rs2228570 (FokI)A>G, rs1544410 (BsmI)C>T, rs731236 
(TaqI)A>G.

The primary outcomes were the changes in the maternal viral load (HBV DNA level) at baseline and 
the time of delivery. A sustained virological response was defined as an HBV DNA level lower than 2 × 
105 IU/mL at delivery. We aimed to determine whether the levels of VD and VD SNPs were associated 
with the antiviral effects of TDF in interrupting MTCT during the peripartum period.
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Statistical analysis
All statistical analyses were carried out using SPSS Version 26. Categorical variables are represented as 
frequencies and percentages, and continuous variables are represented as medians (interquartile ranges) 
or mean ± SD. The outcomes were compared between the two groups using χ2 tests or Fisher’s exact test 
for categorical variables and the Wilcoxon signed-rank test or Student’s t test for continuous variables. 
Associations between VD and each of the baseline demographic and lab values were assessed in 
univariate analyses using general linear models. Univariate and multivariate logistic regression analyses 
were employed to explore the association of targeted antiviral effects (HBV DNA levels < 2 × 105 at 
delivery) with various characteristics at baseline and delivery. Factors with a P value < 0.1 in univariate 
analysis were considered in multivariate analysis. The statistical test was 2-sided, and a P value < 0.05 
was considered statistically significant.

RESULTS
Patient characteristics
The baseline characteristics, laboratory data, and VDR SNPs of the patients are presented in Table 1. No 
mother achieved HBeAg or HBsAg clearance at delivery. The decrease in HBV DNA levels from 
baseline to delivery was significant (P < 0.001). A total of 100% of the infants had negative HBsAg and 
undetectable HBV DNA levels at delivery; thus, the MTCT rate was 0%. To further characterize the 
clinical relevance of maternal serum HBV DNA levels, we stratified patients according to serum HBV 
DNA levels as follows: those with levels < 2 × 105 (full responder group) vs those with levels ≥ 2 × 105 
IU/mL (partial responder group) at delivery. Mothers with serum HBV DNA viral loads below this 
threshold are generally considered low risk for MTCT. Twenty-three (60.5%) participants were full 
responders, and 15 (39.5%) participants were partial responders according to antiviral efficacy. Full and 
partial responders were similar in age (29.09 vs 28.73 years) and body mass index (BMI) (23.15 vs 21.42 
kg/m2).

In the virological indicators related to HBV, there was no significant difference in the HBsAg log10 
and HBeAg log10 values between the two groups both at baseline and delivery. The serum HBV DNA 
concentration was not significantly different between the two groups at baseline, but the serum HBV 
DNA concentration of full responders was significantly lower than that of partial responders at delivery 
after antiviral treatment [log10, 3.61 (2.88, 4.46) vs 7.41 (5.79, 7.9), P < 0.0001].

For the laboratory test results, there were no significant differences between full and partial 
responders in most of the main laboratory indices before and after antiviral therapy, including 
hemoglobin, white blood cell count, platelets, neutrophils, lymphocytes, total bilirubin, albumin, alanine 
aminotransferase, triglycerides, creatinine, alkaline phosphatase, and gamma-glutamyl transferase. 
However, cholesterol levels were lower in complete responders than in partial responders at delivery 
after treatment (4.87 ± 0.79 vs 5.56 ± 0.96 mg/dL, P = 0.001), but there was no significant difference at 
baseline.

Serum 25(OH)D levels
There was no VD or multivitamin supplementation between baseline and delivery. The mean baseline 
serum 25(OH)D level of the entire cohort was similar to the serum 25(OH)D level at delivery, with no 
significant difference (22.37 ± 8.85 vs 24.58 ± 8.32 ng/mL, P = 0.139). Of the 38 patients in the entire 
cohort, 18 (47.4%), 11 (28.9%), and 9 (23.7%) had severe VD deficiency, VD insufficiency or normal 
serum VD levels, respectively.

In the absence of significant seasonal differences for the collected blood samples, VD deficiency and 
insufficiency were highly prevalent in partial responders (73.3%, 20% vs 30.4%, 34.8%, P = 0.021). 
Overall, the serum 25-hydroxyvitamin D3 [25(OH)D3] level in partial responders appeared to be 
significantly lower than that in full responders both at baseline (25.44 ± 9.42 vs 17.66 ± 5.34 ng/mL, P = 
0.006) and delivery (26.76 ± 8.59 vs 21.24 ± 6.88 ng/mL, P = 0.044). In addition, the VDR SNP assay 
showed no significant difference between full and partial responders based on VDR SNPs, including 
VDR Cdx2, Bsm1, Fokl, Taq1 and Apa1.

Relationship between baseline serum 25(OH)D levels and virological parameters
Maternal HBsAg serum levels were not associated with serum 25(OH)D levels (data not shown). 
Interestingly, maternal Log10 HBV DNA levels at delivery and baseline serum 25(OH)D levels showed 
a significant, inverse correlation (P = 0.034, Figure 1). Therefore, we performed multiple linear 
regression analysis of the determinants of maternal HBV DNA levels at delivery. In both univariate and 
multivariate analyses, baseline maternal serum 25(OH)D levels were the strongest determinant of low 
maternal HBV DNA levels (P = 0.034 and < 0.0001, respectively; Table 2), together with BMI, baseline 
maternal log10 HBsAg levels and cholesterol levels at delivery.

We further performed univariate and multivariate regression analyses to characterize the relationship 
between the serum level of 25(OH)D and targeted antiviral effects. The baseline serum 25(OH)D level 
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Table 1 Baseline characteristics, laboratory data, and single nucleotide polymorphisms of the vitamin D receptor gene of patients 
included in the study

Before treatment initiation At delivery after treatment

Full responders  
(n = 23)

Partial responders  
(n = 15)

P value Full responders  
(n = 23)

Partial responders  
(n = 15)

P value

Age, yr, mean ± SD 29.09 ± 3.55 28.73 ± 3.01 0.75 NA NA

BMI, kg/m2, mean ± SD 23.15 ± 3.33 21.42 ± 3.61 0.14 NA NA

Season of blood draw 0.552 0.311

    Winter or spring 10 (43.5%) 8 (53.3%) 16 (69.6%) 8 (53.3%)

    Summer or autumn 13 (56.5%) 7 (46.7%) 7 (30.4%) 7 (46.7%)

HBsAg log10 IU/mL mean 
(IQR)

4.33 (3.73, 4.52) 4.36 (4.1, 4.72) 0.663 4.11 (2.56, 5.44) 4.33 (3.95, 4.56) 0.256

HBeAg log10 IU/mL mean 
(IQR)

3.16 (2.66, 3.2) 3.16 (3.12, 3.19) 0.928 3.18 (2.85, 3.19) 6.75 (6.21, 8.49) 0.510

HBV DNA, log10 mean 
(IQR)

8.06 (7.61, 8.44) 8.09 (7.53, 8.16) 0.56 3.61 (2.88, 4.46) 7.41 (5.79, 7.9) < 0.0001

Vitamin D, ng/mL, mean ± 
SD

25.44 ± 9.42 17.66 ± 5.34 0.006 26.76 ± 8.59 21.24 ± 6.88 0.044

    ≥ 30 8 (34.8%) 1 (6.7%) 0.021 10 (43.5%) 2 (13.3%) 0.127

    20-30 8 (34.8%) 3 (20%) 6 (26.1%) 6 (40%)

    < 20 7 (30.4%) 11 (73.3%) 7 (30.4%) 7 (46.7%)

Hemoglobin, g/dL, mean ± 
SD

113.78 ± 9.29 115.47 ± 8.98 0.583 114.3 ± 12.78 118 ± 10.17 0.353

WBC count, × 106/µL, 
mean ± SD

7.83 ± 1.54 8.61 ± 2.26 0.282 7.63 ± 1.77 7.7 ± 2.17 0.918

Platelet, × 103/µL, mean ± 
SD

149.52 ± 56.73 155.6 ± 53.01 0.742 137.17 ± 53.92 149.4 ± 56.21 0.506

Neutrophil, mean ± SD 5.78 ± 1.38 6.51 ± 2.0 0.289 5.33 ± 1.62 5.53 ± 1.96 0.731

Lymphocyte, mean ± SD 1.46 ± 0.4 1.49 ± 0.49 0.823 1.63 ± 1.14 1.61 ± 0.49 0.964

Total bilirubin, mg/dL, 
mean ± SD

14.73 ± 3.24 13.61 ± 3.09 0.299 14.97 ± 4.15 17.13 ± 4.23 0.128

Albumin, g/dL, mean ± SD 39.21 ± 2.36 39.93 ± 2.28 0.355 26.42 ± 3.19 37.33 ± 3.68 0.698

ALT, U/L, mean (IQR) 22 (19, 28) 21 (15, 32) 0.891 22 (18, 30) 21 (17, 36) 0.893

Triglyceride, mg/dL, mean 
(IQR)

1.74 (1.59, 2.38) 1.58 (1.34, 1.79) 0.189 3.06 (2.41, 3.67) 2.52 (2.03, 3.21) 0.131

Cholesterol, mg/dL, mean 
± SD

5.33 ± 0.85 5.7 ± 1.97 0.347 4.87 ± 0.79 5.56 ± 0.96 0.001

Creatinine, mg/dL, mean 
(IQR)

43 (38, 49) 43 (39, 45) 0.951 44 (37, 51) 47.5 (39.8, 55) 0.397

Alkaline phosphatase, 
U/L, mean (IQR)

7 (5, 10) 10 (4, 23) 0.234 48 (19, 72) 52 (47, 111) 0.199

GGT, U/L, mean ± SD 12.91 ± 8.1 13.87 ± 8.4 0.675 14.48 ± 7.57 22 ± 15.19 0.115

VDR SNPs

    Cdx2 TT 9 (39.1%) 2 (13.3%) 0.076 NA

        TC/CC 14 (30.9%) 13 (86.7%)

    Bsm1 CC 20 (87%) 13 (86.7%) 0.979 NA

        CT/TT 3 (13%) 2 (13.3%)

    Fokl AA/AG 18 (78.3%) 10 (66.7%) 0.431 NA

        GG 5 (21.7%) 5 (33.3%)
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    Taq1 AA 15 (65.2%) 9 (60%) 0.744 NA

        AG/GG 8 (34.8%) 6 (40%)

    Apa1 CC 10 (43.5%) 7 (46.7%) 0.847 NA

        CA/AA 13 (56.5%) 8 (53.3%)

VDR SNPs: Single nucleotide polymorphisms of the vitamin D receptor gene; BMI: Body mass index; HBsAg: Hepatitis B surface antigen; HBeAg: 
Hepatitis B e antigen; HBV: Hepatitis B virus; WBC: White blood cell; ALT: Alanine aminotransferase; GGT: Gamma-glutamyl transferase; IQR: 
Interquartile range; NA: Not available.

Table 2 Factors associated with hepatitis B viral deoxyribonucleic acid serum concentration (log10 IU/mL)

Variable P value, univariate P value, multivariate Standard beta, multivariate

Age (yr) 0.377

BMI (kg/m2) 0.049 0.03 -0.245

25(OH)D3 (ng/mL) 0.034 < 0.0001 -0.446

HBsAg (log10 IU/mL) 0.007

HBV DNA log10 0.046

Alkaline phosphatase 0.056

HBeAg log10 0.025

WBC count 0.064

Maternal HBsAg at delivery, log10 0.003 0.05 0.285

Maternal alkaline phosphatase at delivery 0.025

Maternal cholesterol at delivery 0.001 0.015 0.341

HBV: Hepatitis B virus; BMI: Body mass index; 25(OH)D3: 25-hydroxyvitamin D3; HBsAg: Hepatitis B surface antigen; WBC: White blood cell.

Figure 1 Correlation between maternal hepatitis B virus deoxyribonucleic acid levels at delivery (log10) and baseline serum 25-
hydroxyvitamin D3 Levels. HBV: Hepatitis B virus; 25(OH)D3: 25-hydroxyvitamin D3.

was independently associated with targeted antiviral effects (maternal HBV DNA levels < 2 × 105 at 
delivery) in a multivariate regression model [OR 1.23 (1.04-1.44), P = 0.026], together with maternal VDR 
Cdx2 TT and cholesterol levels at delivery (Table 3).
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Table 3 Factors associated with the targeted antiviral effects (hepatitis B viral deoxyribonucleic acid at delivery < 2 × 105)

Variable Univariate P value Multivariate P value

Age (yr, continuous) 1.034 (0.85-1.26) 0.745 0.727

BMI (kg/m2, continuous) 1.18 (0.95-1.47) 0.146 0.071

25(OH) D3 (ng/mL, continuous) 1.16 (1.03-1.31) 0.014 1.23 (1.04-1.44) 0.026

VDR Cdx2 TT 0.2 (0.036-1.097) 0.064 0.09 (0.01-0.88) 0.039

Maternal GGT at delivery 0.94 (0.86-1.006) 0.075 0.05

Maternal VD at delivery (ng/mL, continuous) 1.1 (0.999-1.21) 0.053 0.385

Maternal alkaline phosphatase at delivery 0.98 (0.96-1.002) 0.081 0.64

Maternal cholesterol at delivery 0.47 (0.26-0.86) 0.015 0.39 (0.17-0.87) 0.021

BMI: Body mass index; 25(OH)D3: 25-hydroxyvitamin D3; VDR: Vitamin D receptor; GGT: Gamma-glutamyl transferase; VD: Vitamin D.

DISCUSSION
The present study showed that a high percentage (76.3%) of pregnant women with high HBV viral loads 
had deficient (< 20 ng/mL) or insufficient (≥ 20 but < 31 ng/mL) VD levels. There was a profound 
association between low serum 25(OH)D levels and higher levels of maternal HBV replication at 
delivery after TDF therapy. In a multiple linear regression analysis, maternal HBV DNA levels were 
associated with baseline maternal serum 25(OH)D levels, BMI, baseline maternal log10 HBsAg levels 
and cholesterol levels at delivery. Finally, we observed that baseline serum 25(OH)D levels, maternal 
VDR Cdx2 TT and cholesterol levels at delivery were associated with targeted antiviral effects (maternal 
HBV DNA levels < 2 × 105 at delivery) in a multivariate regression model.

In the human body, VD and its receptors are widely involved in a variety of life processes, regulating 
the nervous, immune and endocrine systems through related signaling pathways. Many studies have 
been conducted to reveal the association effect of VD and its receptors on HBV infection and its 
development. VD deficiency or declines can be detected in a variety of chronic liver diseases[5,7,16] and 
is associated with adverse clinical outcomes[9,16]. Abnormally low VD levels are highly prevalent 
among untreated patients with active chronic hepatitis B infection[6].

For a special group of people, such as pregnant females, VD is a vital nutrient that is important for 
both the mother and fetus in the perinatal period, and prenatal VD supplementation may reduce the 
risk of many adverse events and yield potential benefits. A previous study showed that pregnant 
women with HBV in China had lower VD levels than healthy pregnant women[10]. Our present study 
also showed that a high percentage (76.3%) of pregnant women with high HBV viral loads had deficient 
(18/38) or insufficient (11/38) VD levels, while only approximately 25.00% (9/38) had adequate VD 
levels. Our results suggested that abnormally low VD levels may be a common phenomenon in 
untreated pregnant women with high HBV viral loads in China.

Based on the evidence provided by a companion systematic review that addressed HBV DNA 
thresholds for identifying pregnant women at risk of MTCT, the WHO recommends administering TDF 
to pregnant women infected with HBV with high viral loads (≥ HBV DNA thresholds ≥ 2 × 105 IU/mL) 
from week 28 of pregnancy until at least childbirth to prevent MTCT, in addition to three doses of 
hepatitis B vaccination, including a birth dose given to the neonate. A recent meta-analysis showed that 
peripartum antiviral prophylaxis is highly effective at reducing the risk of the MTCT of HBV[17], which 
supports the 2020 WHO recommendation of administering antivirals during pregnancy, specifically 
TDF, for the prevention of the MTCT of HBV.

There is growing evidence that VD is associated with infectious diseases and immunity against 
infection and that VD supplementation has therapeutic potential in the treatment of infectious diseases
[18,19]. Low maternal VD levels (< 32 ng/mL) were associated with a higher risk of the MTCT of HIV, 
and children born to women with low VD levels had a higher risk of death during follow-up[20]. 
Clinical and epidemiological studies support the role of VD in inhibiting HBV infection, and this 
antiviral effect is widely attributed to the VDR[11]. Hepatic VDR protein expression was significantly 
lower in patients with chronic HBV infection, and hepatic VDR expression was inversely correlated with 
hepatic inflammation and fibrosis[21], which could partly explain the more pronounced decrease in 
viral DNA in patients with higher VD levels after receiving antiviral therapy in our study.

The present study revealed a profound association between low serum 25(OH)D levels and higher 
levels of maternal HBV replication at delivery after TDF therapy. Consistent with our previous study, 
serum 25(OH)D levels were highly negatively correlated with HBV DNA levels[14]. Therefore, for HBV-
infected patients, especially pregnant women, monitoring of VD levels is advocated, and increasing VD 
levels to a normal range in appropriate ways may be beneficial in maintaining low levels of HBV DNA. 
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It is expected that more in-depth studies will be performed to elucidate the mechanism of the effect of 
VD on HBV infection and its development, treatment and prognosis, which may offer attractive 
therapeutic opportunities for the treatment of chronic hepatitis B infection.

A number of studies have recently focused on the association between VDR SNPs and the disease 
characteristics of HBV infection. Some genotypes in VDR FokI increased the risk of HBV infection in a 
meta-analysis[22]. In addition, the VDR ApaI SNP was associated with viral load and the presence of 
HBsAg at different times, and pharmacogenetic data could help physicians identify HBV patients with a 
higher probability of achieving a good response[12]. In addition, VDR SNPs are correlated with HBV 
viral load and the severity of liver disease[23] and may be associated with occult hepatitis B infection
[9]. Our results revealed that VDR Cdx2 TT was a hindering factor in achieving targeted antiviral 
therapeutic effects (HBV DNA levels < 2 × 105 at delivery) after TDF therapy. In pregnant women, 
increasing VD levels to within the normal range may help to achieve targeted antiviral treatment effects, 
especially in those with VDR Cdx2 TT. More basic and clinical studies are warranted for VD supple-
mentation combined with antiviral therapy and immunoprophylaxis to block MTCT.

VD and cholesterol metabolism overlap significantly in the pathways that promote their biosynthesis 
and have a complex bidirectional relationship[24]. In our study, there was no significant difference in 
cholesterol levels between the full and partial responders before antiviral therapy, but cholesterol levels 
were lower in full responders after treatment. Similarly, in another study, for treatment-naive patients 
with chronic hepatitis B infection, total cholesterol levels showed a decreasing trend during 42 mo of 
TDF treatment[25]. Moreover, higher total cholesterol concentrations were associated with lower 
25(OH)D concentrations[26], and VD supplementation appeared to have a beneficial effect on reducing 
total serum cholesterol levels[27]. In addition, VDR SNPs were associated with dyslipidemia in Chinese 
populations, and some variants may increase susceptibility to dyslipidemia[28]. Together, the difference 
in cholesterol levels after antiviral therapy may be due to differences in VD levels, VDR SNPs, and 
reactions to antiviral therapy.

Some limitations of the present study should be acknowledged. Most importantly, due to the type of 
study, the clinical correlations cannot be interpreted as causal relationships. Therefore, a suggestive 
functional link between VD metabolism and HBV replication remains elusive. Furthermore, the sample 
size included in this study was limited. Third, there are still some possible confounding factors that 
have not been considered. Although factors such as the season of blood collection were taken into 
account, other factors such as dietary habits, the duration of sunlight exposure and the ultraviolet 
intensity of pregnant women’s living environments may also affect maternal VD levels.

CONCLUSION
In summary, we demonstrate a significant association between low serum levels of 25(OH)D and high 
levels of HBV replication in pregnant women with high HBV viral loads, and maternal VD levels as well 
as VDR SNPs may be associated with the efficacy of antiviral therapy. Future studies to evaluate the 
therapeutic value of VD and its analogs in reducing the MTCT of HBV may be justified.

ARTICLE HIGHLIGHTS
Research background
Mother-to-child transmission (MTCT) is the main route of hepatitis B virus (HBV) transmission, and 
HBV infection is associated with human vitamin D (VD) levels.

Research motivation
The role of VD and single nucleotide polymorphisms of the VD receptor gene (VDR SNPs) in blocking 
MTCT in pregnant women with high HBV viral load receiving antiviral therapy is unclear.

Research objectives
This study aimed to assess whether baseline VD levels and VDR SNPs are associated with the efficacy of 
tenofovir disoproxil fumarate (TDF) in the prevention of MTCT in pregnant women with high HBV 
viral loads.

Research methods
This retrospective study investigated VD levels, common clinical indicators, and virological parameters 
before and after antiviral therapy in 38 pregnant women with high HBV viral load, and further 
analyzed the effect of VD levels and VDR SNPs on the efficacy of TDF for the prevention of MTCT.
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Research results
The present study showed that a high percentage (76.3%) of pregnant women with high HBV viral loads 
had deficient (< 20 ng/mL) or insufficient (≥ 20 but < 31 ng/mL) VD levels. There was a profound 
association between low serum 25-hydroxyvitamin D [25(OH)D] levels and higher levels of maternal 
HBV replication at delivery after TDF therapy. Multivariate logistic regression analysis showed that 
baseline serum 25(OH)D levels (OR = 1.23, 95%CI: 1.04-1.44), maternal VDR Cdx2 TT (OR = 0.09, 95%CI: 
0.01-0.88) and cholesterol levels at delivery (OR = 0.39, 95%CI: 0.17-0.87) were associated with targeted 
antiviral effects (maternal HBV DNA levels < 2 × 105 at delivery).

Research conclusions
We demonstrate a significant association between low serum levels of 25(OH)D and high levels of HBV 
replication in pregnant women with high HBV viral loads, and maternal VD levels as well as VDR SNPs 
may be associated with the efficacy of antiviral therapy.

Research perspectives
Future studies to evaluate the therapeutic value of VD and its analogs in reducing the MTCT of HBV 
may be justified.

FOOTNOTES
Author contributions: Wang R and Zhu X contributed equally to this work; Ji YL, Zhu X and Chen YH participated in 
design and oversight of the study; Zhu X, Zhang X and Liu H collected and study data; Wang R, Zhu X, Zhang X, Liu 
H, and Chen YH analyzed the data and wrote the manuscript; Zhu X, Ji YL and Chen YH revised the manuscript for 
important intellectual content; all authors have read and approved the final manuscript.

Supported by the Key Research and Development Projects in Sichuan Province, No. 2021YFS0168; and the National 
Scientific and Technological Major Project for Infectious Diseases Control in China, No. 2018ZX10715-003.

Institutional review board statement: The study was reviewed approved by the Institutional Review Board of the 
West China Hospital, Sichuan University, approval No. 2019-151.

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

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

Data sharing statement: No additional data are available.

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

Country/Territory of origin: China

ORCID number: Rui Wang 0000-0003-0829-152X; Yong-Hua Chen 0000-0001-8485-0755.

S-Editor: Yan JP 
L-Editor: A 
P-Editor: Yuan YY

REFERENCES
1 Xu Y, Liu H, Wang Y, Hao R, Li Z, Song H. The next step in controlling HBV in China. BMJ 2013; 347: f4503 [PMID: 

23861426 DOI: 10.1136/bmj.f4503]
2 Waheed Y, Siddiq M, Jamil Z, Najmi MH. Hepatitis elimination by 2030: Progress and challenges. World J Gastroenterol 

2018; 24: 4959-4961 [PMID: 30510370 DOI: 10.3748/wjg.v24.i44.4959]
3 Liu Z, Chen Z, Cui F, Ding Y, Gao Y, Han G, Jia J, Li J, Li Z, Liu Y, Mao Q, Wang A, Wang W, Wei L, Xia J, Xie Q, 

Yang X, Yin X, Zhang H, Zhang L, Zhang W, Zhuang H, Dou X, Hou J. Management Algorithm for Prevention of 
Mother-to-child Transmission of Hepatitis B Virus (2022). J Clin Transl Hepatol 2022; 10: 1004-1010 [PMID: 36304493 
DOI: 10.14218/JCTH.2022.00047]
Hou J, Cui F, Ding Y, Dou X, Duan Z, Han G, Jia J, Mao Q, Li J, Li Z, Liu Z, Wei L, Xie Q, Yang X, Zhang H, Zhuang 4

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-0829-152X
http://orcid.org/0000-0003-0829-152X
http://orcid.org/0000-0001-8485-0755
http://orcid.org/0000-0001-8485-0755
http://www.ncbi.nlm.nih.gov/pubmed/23861426
https://dx.doi.org/10.1136/bmj.f4503
http://www.ncbi.nlm.nih.gov/pubmed/30510370
https://dx.doi.org/10.3748/wjg.v24.i44.4959
http://www.ncbi.nlm.nih.gov/pubmed/36304493
https://dx.doi.org/10.14218/JCTH.2022.00047


Wang R et al. VD in preventing MTCT of HBV

WJG https://www.wjgnet.com 3012 May 21, 2023 Volume 29 Issue 19

H. Management Algorithm for Interrupting Mother-to-Child Transmission of Hepatitis B Virus. Clin Gastroenterol 
Hepatol 2019; 17: 1929-1936.e1 [PMID: 30312789 DOI: 10.1016/j.cgh.2018.10.007]

5 Pop TL, Sîrbe C, Benţa G, Mititelu A, Grama A. The Role of Vitamin D and Vitamin D Binding Protein in Chronic Liver 
Diseases. Int J Mol Sci 2022; 23 [PMID: 36142636 DOI: 10.3390/ijms231810705]

6 Chan HL, Elkhashab M, Trinh H, Tak WY, Ma X, Chuang WL, Kim YJ, Martins EB, Lin L, Dinh P, Charuworn P, Foster 
GR, Marcellin P. Association of baseline vitamin D levels with clinical parameters and treatment outcomes in chronic 
hepatitis B. J Hepatol 2015; 63: 1086-1092 [PMID: 26143444 DOI: 10.1016/j.jhep.2015.06.025]

7 Farnik H, Bojunga J, Berger A, Allwinn R, Waidmann O, Kronenberger B, Keppler OT, Zeuzem S, Sarrazin C, Lange 
CM. Low vitamin D serum concentration is associated with high levels of hepatitis B virus replication in chronically 
infected patients. Hepatology 2013; 58: 1270-1276 [PMID: 23703797 DOI: 10.1002/hep.26488]

8 Hoan NX, Tong HV, Song LH, Meyer CG, Velavan TP. Vitamin D deficiency and hepatitis viruses-associated liver 
diseases: A literature review. World J Gastroenterol 2018; 24: 445-460 [PMID: 29398866 DOI: 10.3748/wjg.v24.i4.445]

9 Wong GL, Chan HL, Chan HY, Tse CH, Chim AM, Lo AO, Wong VW. Adverse effects of vitamin D deficiency on 
outcomes of patients with chronic hepatitis B. Clin Gastroenterol Hepatol 2015; 13: 783-90.e1 [PMID: 25445773 DOI: 
10.1016/j.cgh.2014.09.050]

10 Gao XR, Wang CM, Wang WJ, Han GR, Zhang JQ. Serum 25-hydroxyvitamin D status in pregnant women with chronic 
hepatitis B virus infection. J Infect Dev Ctries 2016; 10: 851-856 [PMID: 27580331 DOI: 10.3855/jidc.6600]

11 Ahluwalia S, Choudhary D, Tyagi P, Kumar V, Vivekanandan P. Vitamin D signaling inhibits HBV activity by directly 
targeting the HBV core promoter. J Biol Chem 2021; 297: 101233 [PMID: 34562448 DOI: 10.1016/j.jbc.2021.101233]

12 Cusato J, Boglione L, De Nicolò A, Imbornone R, Cardellino CS, Ghisetti V, Carcieri C, Cariti G, Di Perri G, D'Avolio 
A. Association of vitamin D pathway SNPs and clinical response to interferon in a cohort of HBeAg-negative patients. 
Pharmacogenomics 2017; 18: 651-661 [PMID: 28453395 DOI: 10.2217/pgs-2016-0041]

13 Zhu X, Wang J, Wang M, Du LY, Ji YL, Zhang X, Tang H. The positive rates of hepatitis B surface antibody in youth 
after booster vaccination: a 4-year follow-up study with large sample. Biosci Rep 2021; 41 [PMID: 34151935 DOI: 
10.1042/BSR20210182]

14 Chen EQ, Bai L, Zhou TY, Fe M, Zhang DM, Tang H. Sustained suppression of viral replication in improving vitamin D 
serum concentrations in patients with chronic hepatitis B. Sci Rep 2015; 5: 15441 [PMID: 26486883 DOI: 
10.1038/srep15441]

15 Lankes U, Elder PA, Lewis JG, George P. Differential extraction of endogenous and exogenous 25-OH-vitamin D from 
serum makes the accurate quantification in liquid chromatography-tandem mass spectrometry assays challenging. Ann Clin 
Biochem 2015; 52: 151-160 [PMID: 24714680 DOI: 10.1177/0004563214533316]

16 Huang CZ, Zhang J, Zhang L, Yu CH, Mo Y, Mo LY. Serum vitamin D and vitamin-D-binding protein levels in children 
with chronic hepatitis B. World J Gastroenterol 2021; 27: 255-266 [PMID: 33519140 DOI: 10.3748/wjg.v27.i3.255]

17 Funk AL, Lu Y, Yoshida K, Zhao T, Boucheron P, van Holten J, Chou R, Bulterys M, Shimakawa Y. Efficacy and safety 
of antiviral prophylaxis during pregnancy to prevent mother-to-child transmission of hepatitis B virus: a systematic review 
and meta-analysis. Lancet Infect Dis 2021; 21: 70-84 [PMID: 32805200 DOI: 10.1016/S1473-3099(20)30586-7]

18 Ismailova A, White JH. Vitamin D, infections and immunity. Rev Endocr Metab Disord 2022; 23: 265-277 [PMID: 
34322844 DOI: 10.1007/s11154-021-09679-5]

19 White JH. Emerging Roles of Vitamin D-Induced Antimicrobial Peptides in Antiviral Innate Immunity. Nutrients 2022; 
14 [PMID: 35057465 DOI: 10.3390/nu14020284]

20 Mehta S, Hunter DJ, Mugusi FM, Spiegelman D, Manji KP, Giovannucci EL, Hertzmark E, Msamanga GI, Fawzi WW. 
Perinatal outcomes, including mother-to-child transmission of HIV, and child mortality and their association with maternal 
vitamin D status in Tanzania. J Infect Dis 2009; 200: 1022-1030 [PMID: 19673647 DOI: 10.1086/605699]

21 Yang K, Pan Y, Zhang H, Jin L, Wang X. Hepatic vitamin D receptor expression is negatively associated with liver 
inflammation and fibrosis in patients with chronic HBV infection. Clin Exp Med 2022 [PMID: 36289101 DOI: 
10.1007/s10238-022-00919-9]

22 He Q, Huang Y, Zhang L, Yan Y, Liu J, Song X, Chen W. Association between vitamin D receptor polymorphisms and 
hepatitis B virus infection susceptibility: A meta-analysis study. Gene 2018; 645: 105-112 [PMID: 29248582 DOI: 
10.1016/j.gene.2017.12.027]

23 Suneetha PV, Sarin SK, Goyal A, Kumar GT, Shukla DK, Hissar S. Association between vitamin D receptor, CCR5, 
TNF-alpha and TNF-beta gene polymorphisms and HBV infection and severity of liver disease. J Hepatol 2006; 44: 856-
863 [PMID: 16545485 DOI: 10.1016/j.jhep.2006.01.028]

24 Warren T, McAllister R, Morgan A, Rai TS, McGilligan V, Ennis M, Page C, Kelly C, Peace A, Corfe BM, Mc Auley M, 
Watterson S. The Interdependency and Co-Regulation of the Vitamin D and Cholesterol Metabolism. Cells 2021; 10 
[PMID: 34440777 DOI: 10.3390/cells10082007]

25 Zhang Q, Liang J, Yin J, Jiang Y, Yu N, Liao X, Zhao S, Wu L, Fan R. Real-life impact of tenofovir disoproxil fumarate 
and entecavir therapy on lipid profile, glucose, and uric acid in chronic hepatitis B patients. J Med Virol 2022; 94: 5465-
5474 [PMID: 35794065 DOI: 10.1002/jmv.27977]

26 Vitezova A, Voortman T, Zillikens MC, Jansen PW, Hofman A, Uitterlinden AG, Franco OH, Kiefte-de Jong JC. 
Bidirectional associations between circulating vitamin D and cholesterol levels: The Rotterdam Study. Maturitas 2015; 82: 
411-417 [PMID: 26358932 DOI: 10.1016/j.maturitas.2015.08.005]

27 Dibaba DT. Effect of vitamin D supplementation on serum lipid profiles: a systematic review and meta-analysis. Nutr Rev 
2019; 77: 890-902 [PMID: 31407792 DOI: 10.1093/nutrit/nuz037]

28 Jia J, Tang Y, Shen C, Zhang N, Ding H, Zhan Y. Vitamin D receptor polymorphism rs2228570 is significantly associated 
with risk of dyslipidemia and serum LDL levels in Chinese Han population. Lipids Health Dis 2018; 17: 193 [PMID: 
30119682 DOI: 10.1186/s12944-018-0819-0]

http://www.ncbi.nlm.nih.gov/pubmed/30312789
https://dx.doi.org/10.1016/j.cgh.2018.10.007
http://www.ncbi.nlm.nih.gov/pubmed/36142636
https://dx.doi.org/10.3390/ijms231810705
http://www.ncbi.nlm.nih.gov/pubmed/26143444
https://dx.doi.org/10.1016/j.jhep.2015.06.025
http://www.ncbi.nlm.nih.gov/pubmed/23703797
https://dx.doi.org/10.1002/hep.26488
http://www.ncbi.nlm.nih.gov/pubmed/29398866
https://dx.doi.org/10.3748/wjg.v24.i4.445
http://www.ncbi.nlm.nih.gov/pubmed/25445773
https://dx.doi.org/10.1016/j.cgh.2014.09.050
http://www.ncbi.nlm.nih.gov/pubmed/27580331
https://dx.doi.org/10.3855/jidc.6600
http://www.ncbi.nlm.nih.gov/pubmed/34562448
https://dx.doi.org/10.1016/j.jbc.2021.101233
http://www.ncbi.nlm.nih.gov/pubmed/28453395
https://dx.doi.org/10.2217/pgs-2016-0041
http://www.ncbi.nlm.nih.gov/pubmed/34151935
https://dx.doi.org/10.1042/BSR20210182
http://www.ncbi.nlm.nih.gov/pubmed/26486883
https://dx.doi.org/10.1038/srep15441
http://www.ncbi.nlm.nih.gov/pubmed/24714680
https://dx.doi.org/10.1177/0004563214533316
http://www.ncbi.nlm.nih.gov/pubmed/33519140
https://dx.doi.org/10.3748/wjg.v27.i3.255
http://www.ncbi.nlm.nih.gov/pubmed/32805200
https://dx.doi.org/10.1016/S1473-3099(20)30586-7
http://www.ncbi.nlm.nih.gov/pubmed/34322844
https://dx.doi.org/10.1007/s11154-021-09679-5
http://www.ncbi.nlm.nih.gov/pubmed/35057465
https://dx.doi.org/10.3390/nu14020284
http://www.ncbi.nlm.nih.gov/pubmed/19673647
https://dx.doi.org/10.1086/605699
http://www.ncbi.nlm.nih.gov/pubmed/36289101
https://dx.doi.org/10.1007/s10238-022-00919-9
http://www.ncbi.nlm.nih.gov/pubmed/29248582
https://dx.doi.org/10.1016/j.gene.2017.12.027
http://www.ncbi.nlm.nih.gov/pubmed/16545485
https://dx.doi.org/10.1016/j.jhep.2006.01.028
http://www.ncbi.nlm.nih.gov/pubmed/34440777
https://dx.doi.org/10.3390/cells10082007
http://www.ncbi.nlm.nih.gov/pubmed/35794065
https://dx.doi.org/10.1002/jmv.27977
http://www.ncbi.nlm.nih.gov/pubmed/26358932
https://dx.doi.org/10.1016/j.maturitas.2015.08.005
http://www.ncbi.nlm.nih.gov/pubmed/31407792
https://dx.doi.org/10.1093/nutrit/nuz037
http://www.ncbi.nlm.nih.gov/pubmed/30119682
https://dx.doi.org/10.1186/s12944-018-0819-0


WJG https://www.wjgnet.com 3013 May 21, 2023 Volume 29 Issue 19

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2023 May 21; 29(19): 3013-3026

DOI: 10.3748/wjg.v29.i19.3013 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Observational Study

Gastrointestinal manifestations of long-term effects after COVID-19 
infection in patients with dialysis or kidney transplantation: An 
observational cohort study

Wiwat Chancharoenthana, Supitcha Kamolratanakul, Asada Leelahavanichkul, Wassawon Ariyanon, Sutatip 
Chinpraditsuk, Rattanaporn Saelim, Somratai Vadcharavivad, Weerapong Phumratanaprapin, Polrat 
Wilairatana

Specialty type: Gastroenterology 
and hepatology

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

Peer-review model: Single blind

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

P-Reviewer: Awad AK, Egypt; 
Nooripour R, Iran

Received: January 12, 2023 
Peer-review started: January 12, 
2023 
First decision: February 4, 2023 
Revised: February 13, 2023 
Accepted: April 21, 2023 
Article in press: April 21, 2023 
Published online: May 21, 2023

Wiwat Chancharoenthana, Supitcha Kamolratanakul, Weerapong Phumratanaprapin, Polrat 
Wilairatana, Department of Clinical Tropical Medicine, Faculty of Tropical Medicine, Mahidol 
University, Bangkok 10400, Thailand

Asada Leelahavanichkul, Department of Microbiology, Faculty of Medicine, Chulalongkorn 
University, Bangkok 10330, Thailand

Wassawon Ariyanon, Cardiometabolic Centre, Department of Medicine, Bangkok Nursing 
Hospital, Bangkok 10500, Thailand

Sutatip Chinpraditsuk, Rattanaporn Saelim, Dialysis Center, Hospital for Tropical Diseases, 
Faculty of Tropical Medicine, Mahidol University, Bangkok 10400, Thailand

Somratai Vadcharavivad, Department of Pharmacy Practice, Faculty of Pharmaceutical 
Sciences, Chulalongkorn University, Bangkok 10330, Thailand

Corresponding author: Supitcha Kamolratanakul, MD, Assistant Professor, Department of 
Clinical Tropical Medicine, Faculty of Tropical Medicine, Mahidol University, 420/6 
Ratchawithi Rd, Thung Phaya Thai, Ratchathewi, Bangkok 10400, Thailand.  
supitcha.kam@mahidol.edu

Abstract
BACKGROUND 
Prolonged symptoms after corona virus disease 2019 (Long-COVID) in dialysis-
dependent patients and kidney transplant (KT) recipients are important as a 
possible risk factor for organ dysfunctions, especially gastrointestinal (GI) 
problems, during immunosuppressive therapy.

AIM 
To identify the characteristics of GI manifestations of Long-COVID in patients 
with dialysis-dependent or KT status.

METHODS 
This observational, prospective study included patients with COVID-19 infection, 
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confirmed by reverse transcription polymerase chain reaction, with the onset of symptoms 
between 1 January 2022 and 31 July 2022 which was explored at 3 mo after the onset, either 
through the out-patient follow-up or by telephone interviews.

RESULTS 
The 645 eligible participants consisted of 588 cases with hemodialysis (HD), 38 patients with 
peritoneal dialysis (PD), and 19 KT recipients who were hospitalized with COVID-19 infection 
during the observation. Of these, 577 (89.5%) cases agreed to the interviews, while 64 (10.9%) 
patients with HD and 4 (10.5%) cases of PD were excluded. The mean age was 52 ± 11 years with 
52% women. The median dialysis duration was 7 ± 3 and 5 ± 1 years for HD and PD groups, 
respectively, and the median time post-transplantation was 6 ± 2 years. Long-COVID was 
identified in 293/524 (56%) and 21/34 (62%) in HD and PD, respectively, and 7/19 (37%) KT 
recipients. Fatigue was the most prevalent (96%) of the non-GI tract symptoms, whereas anorexia 
(90.9%), loss of taste (64.4%), and abdominal pain (62.5%) were the first three common GI 
manifestations of Long-COVID. Notably, there were 6 cases of mesenteric panniculitis from 19 
patients with GI symptoms in the KT group.

CONCLUSION 
Different from patients with non-chronic kidney disease, there was a high prevalence of GI 
manifestations of Long-COVID in dialysis-dependent patients and KT recipients. An appropriate 
long-term follow-up in these vulnerable populations after COVID-19 infection is possibly 
necessary.

Key Words: COVID-19; Kidney transplant; Post-acute COVID-19 syndrome; Long-COVID-19; 
Gastrointestinal; SARS-CoV-2
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Core Tip: Prolonged symptoms after coronavirus disease 2019 (COVID-19) or prolonged symptoms after 
COVID-19 (Long-COVID) in dialysis-dependent patients and kidney transplant (KT) recipients are 
important as a possible risk factor for organ dysfunctions, especially gastrointestinal (GI) problems. In this 
study, we observed that a GI manifestation of Long-COVID is a frequent condition in patients with 
dialysis-dependence and kidney-transplant recipients. Long-COVID was significantly more prevalent in 
peritoneal dialysis patients than in hemodialysis patient or KT cases. We also found that patients who 
experienced either abdominal pain or diarrhea had a longer duration of other GI manifestations of Long-
COVID, suggesting a need for closer observation of these patients during COVID-19 infection.
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INTRODUCTION
The coronavirus disease (COVID-19) pandemic has a significant impact on the management of dialysis-
dependent patients and kidney transplant (KT) recipients, while the chronic kidney disease (CKD) 
condition in these patients is also affecting the clinical manifestation of COVID-19 infection. The 
persistence of post-COVID-19 syndrome for weeks to months after the infection is a growing public 
health concern worldwide[1]. Currently, the definition of post-acute COVID-19 syndrome (PACS), also 
known as the post-acute sequelae of severe acute respiratory syndrome coronavirus 2 (PASC) or 
prolonged symptoms after COVID-19 (Long-COVID) syndrome, depends on the population being 
studied, the post-infection timing, and the assessment tools[2,3]. Moreover, the overlap in its 
pathophysiology between overwhelming pro-inflammatory immune responses and direct viral 
cytopathic effects remains inconclusive[4]. In general, PACS mainly includes fatigue, pain, headache, 
neurological and cognitive impairments, cardio-pulmonary symptoms, and anosmia-dysgeusia[5]. The 
British National Institute for Health and Care Excellence (NICE) defines Long-COVID as any signs and 
symptoms that develop during or after an infection consistent with COVID-19, continue for over 12 wk, 
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and cannot be explained by an alternative diagnosis[6]. A clinical case definition of Long-COVID by a 
Delphi consensus has crystallized the case definition of Long-COVID as clinical symptoms that occur in 
individuals with a history of probable or confirmed severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection, usually 3 mo from the onset of COVID-19 with symptoms, that last for at least 2 
mo without an alternative explainable condition[7].

Both dialysis-dependent patients and KT recipients are classified as vulnerable populations due to 
their immunosuppressive status derived from their CKD condition and the high number of 
comorbidities[8]. Thus, a more frequent prevalence of long-term after-effects of COVID-19 infection 
than in the general population is possible. Accordingly, aggressive approaches, along with prompt 
management of acute illness, should be used in these populations, making the subject of Long-COVID 
even more challenging. Recent reports have revealed an incidence of post-COVID-19 syndrome in 
dialysis patients and KT recipients of approximately 40%-70% of those who experience a COVID-19 
infection[9-13]. The Long-COVID symptoms include respiratory-related symptoms, fatigue, peripheral 
neuropathy, venous thromboembolism, memory impairment, and de novo diabetes mellitus[9-11]. 
Notably, 60% of dialysis patients vs 10% of KT recipients had residual symptoms at 6 mo post-COVID-
19 infection[11,14].

Even without the gastrointestinal (GI) symptoms, the severity of COVID-19 is associated with the GI 
tract as the translocation of pathogen molecules from the gut into the blood circulation (leaky gut) is 
reported[15], possibly from a quiescent the SARS-CoV-2 infection in the intestine[16]. Indeed, the cell 
entry of SARS-CoV-2 virus through angiotensin-converting enzyme 2 (ACE2) receptors on the 
squamous and columnar epithelial cells, including enterocytes, is well-known[17]. One large study of 
hospitalized COVID-19 revealed that 30% of the patients reported GI symptoms, such as abdominal 
pain, nausea and vomiting, and diarrhea, in addition to their respiratory tract symptoms[18]. 
Nevertheless, the impacts of COVID-19 infection, and particularly Long-COVID-19, in the GI spectrum 
is not fully understood in either dialysis patients or KT patients, and data on this topic remains scarce. 
Of note, data from the most recent report on post-acute SARS-CoV-2 infection sub-phenotype by Zhang 
et al[19] found that GI tract-related symptoms are one of the four most common characteristics in post-
acute viral symptoms.

Hence, the aim of the present study was to determine the prevalence and characteristics of Long-
COVID in a cohort of these patients. We hypothesize that Long-COVID, especially in the GI symptoms, 
may be underestimated in these populations and may need more clarification, particularly in the post-
pandemic period.

MATERIALS AND METHODS
Study populations
The study is a cohort longitudinal study performed in dialysis-dependent patients and KT recipients 
with COVID-19 infection under the care of three renal referral tertiary care centers. Eligible participants 
were those with a diagnosis of COVID-19 confirmed by an RT-PCR test from oro-nasopharyngeal swabs 
from January 2022 to 31 July 2022. The KT recipients with the following conditions were excluded: (1) 
Those who died before the follow-up interview, (2) those we were unable to contact, and (3) those 
without or unable to provide informed consent. The remaining dialysis-dependent patients and KT 
recipients who had experienced a post-COVID-19 infection for at least 3 mo were included in the study. 
Purposive sampling was used in order to ensure the representation of a range of characteristics and 
experiences of analytic relevance. Informed consent for participation in interviews was obtained either 
written or verbally over the phone from all participants in the study and the study was approved by the 
Research Ethics Commission of the Faculty of Tropical Medicine, Mahidol University, Thailand (MUTM 
2022-081-01) along with adhered to STROBE guideline.

Interview conduct and data collection
An interview consisting of a set of open-ended questions regarding symptoms during COVID-19 and 
post-COVID-19 infection periods. Then, interviews were designed to explore the specific persistent or 
emerging symptoms potentially due to GI tract-associated Long COVID-19 syndrome, as previously 
described[20]. Participants were interviewed either in person or by telephone by trained research 
nurses. Participants were considered to have GI tract-associated symptoms of Long COVID-19 if they 
showed one of the following signs: loss of appetite, nausea, weight loss, abdominal pain, heartburn, 
dysphagia, diarrhea, constipation, altered bowel motility, or irritable bowel syndrome[20]. In addition, 
the participant’s electronic medical records were used to obtain clinical data, including baseline 
demographics and transplant-related immunological risk, comorbidity, and data about COVID-19 
admission. Although abnormal laboratory tests, such as elevated alanine aminotransferase, can present 
as GI tract-associated Long COVID-19 syndrome[21], only clinical signs and symptoms were explored in 
the present study.
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Statistical analysis
Descriptive characteristics were presented as means and standard deviation (means ± SD) unless 
otherwise noted. The Kolmogorov-Smirnov and Levene’s tests were performed to establish data distri-
bution and homogeneity, respectively. Chi-square tests were performed to compare categorical 
variables, whereas Tukey-Kramer multiple comparisons were used for continuous variables. 
Independent risk factors were assessed by applying a backward elimination stepwise binary regression 
and removing the least significant variables at each step. Odds ratios (ORs) and 95% confidence 
intervals (CIs) were estimated. P < 0.05 was considered statistically significant. Data analysis was 
performed using the PASW 18.0.0 statistical software package (SPSS Inc., Chicago, IL, United States) 
and GraphPad Prism 9.3.1 software (GraphPad Software, Inc., La Jolla, CA, United States).

RESULTS
Comparison baseline characteristics among participants of hemodialysis, peritoneal dialysis, and 
kidney transplantation
This study enrolled 645 eligible participants with COVID-19 infection, including 588 cases with 
hemodialysis (HD), 38 patients with peritoneal dialysis (PD), and 19 KT recipients. Of these, 577 (89.5%) 
participants agreed to interviews (Figure 1). All eligible KT recipients were enrolled in the study, and 
none of the transplant recipients in the KT cohort died or returned to dialysis.

The mean patient age was 52 ± 11 years, 300 (52%) were women, and the median dialysis duration 
was 7 ± 3 and 5 ± 1 years in the HD and PD groups, respectively. Hypertension (92%) and type 2 
diabetes mellitus (77%) were the two most common comorbidities among the three groups of 
participants. The mean post-transplantation time was 6 ± 2 years (Table 1). Most of the HD patients had 
three dialysis sessions per week while continuous ambulatory PD (CAPD) was the most treatment 
modality used in PD patients. The three most common initial symptoms detected in both the dialysis 
and KT cohorts were fever (98%), coryza (96%), and cough (94%). Of note, the PD patients had a 
significant predominance of all symptoms compared to the HD and KT groups (P <0.0001); this could be 
because the highest comorbidities and uttermost severity of COVID-19 were observed in the PD group. 
For this reason, the combination therapy of Remdesivir (88.2%) and tocilizumab (63.1%) was prescribed 
significantly more frequently in this group with also correspondent the highest mean levels of both 
high-sensitivity C-reactive protein and D-dimer compared with HD and KT groups (P < 0.0001) 
(Table 1).

Different prevalence of GI manifestations of Long-COVID among the dialysis-dependent and KT 
populations
The Thai national guidelines for COVID-19 management in high-risk patients (during this study period) 
stipulate that all patients with CKD or CKD-equivalent disorders must be hospitalized for intensive care 
and monitoring during acute COVID-19 infection. As such, all participants in the study were hospit-
alized. During the early post-COVID-19 infection period, Long-COVID was identified in 293/524 (56%) 
of the HD, 21/34 (62%) of the PD, and 7/19 (37%) of the KT groups. Fatigue was the most prevalent 
symptom (96%) of the non-GI tract symptoms and was accompanied by loss of appetite or anorexia 
(81%), loss of taste (63%), hoarse voice (28%), unusual muscle pains (23%), hair loss (22%), a persistent 
cough (22%), headache (11%), and impaired cognitive and memory function (9%). Among the GI 
manifestations of Long-COVID, anorexia was the most prevalent symptom (525 cases, 90.9% from all 
groups), followed by loss of taste (372 cases, 64% from all groups), and abdominal pain (367 cases, 62.5% 
from all groups) (Figure 2A). Although anorexia and loss of taste were common in all three groups, they 
were more predominant in dialysis patients, but most cases showed much improvement by two months 
after the onset of COVID-19 infection. Abdominal pain and diarrhea were the symptoms that persisted 
for over 3 mo (Figure 2B).

Notably, our investigation of the causes of abdominal pain, which was reported by 87% of the 
patients, revealed that non-specific abdominal pain or probably acute gastritis was the main etiology in 
dialysis-dependent patients, whereas mesenteric panniculitis was the main etiology of abdominal pain 
(6 from 19 cases) in the KT group with a good response to oral corticosteroids (20 mg prednisolone), 
which were slowly tapered off in 8 wk. All six cases of mesenteric panniculitis had complete resolution, 
as indicated by the follow-up abdominal computer tomography.

Figure 2C shows the factors associated with the GI manifestation of Long-COVID. We found that 
COVID-19 patients who were older than 65 years (ORs 2.00, 95%CIs 1.2-2.8), who had chronic lung 
disease (ORs 2.10, 95%CIs 1.1-4.2), who were on PD (ORs 1.80, 95%CIs 1.4-2.5), or who had high levels 
of both C-reactive protein (CRP) and D-dimer at the onset (ORs 4.40, 95%CIs 1.4-8.8) were significantly 
likely to have GI manifestations of Long-COVID.
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Table 1 Baseline characteristics and clinical presentation of corona virus disease 2019 in participants with or without gastrointestinal 
tract symptoms related to prolonged symptoms after corona virus disease 2019 at enrollment

Variables Hemodialysis (n = 524) Peritoneal dialysis (n = 
34)

Kidney Transplantation (n = 
19) P value

Age, yr, mean ± SD 48 ± 9 71 ± 12 44 ± 12 < 0.001a,b

Female sex, n (%) 278 (53.1) 14 (41.2) 8 (42.1) NS

Body mass index, kg/m2, mean ± SD 26 ± 4 23 ± 2 24 ± 4 < 0.001a

Comorbidities, n (%)

Hypertension 487 (92.9) 34 (100) 12 (63.2) < 0.0001b, 0.0002c

  Diabetes 408 (77.9) 30 (88.2) 6 (31.6) < 0.0001b,c

  Cardiovascular disease 450 (85.9) 28 (82.4) 9 (47.4) < 0.0001b, 0.008c

  Pulmonary disease 52 (9.9) 5 (14.7) 1 (5.3) NS

  Hepatic disease 14 (2.7) 4 (11.8) 0 (0) 0.004a

Renal replacement therapy

  Dialysis vintage, years 7 ± 3 5 ± 1 6 ± 2 < 0.001a

  Frequency, 2× per week, n (%) 84 (16.0) N/A N/A

  Frequency, 3× per week, n (%) 440 (84.0) N/A N/A

  CAPD, n (%) N/A 32 (94.1) N/A

  APD, n (%) N/A 2 (5.9) N/A

Deceased donor transplant, n (%) N/A N/A 11 (57.9)

Time from transplant, yr, mean ± SD N/A N/A 6 ± 2 < 0.001b,c

Maintenance immunosuppressive 
regimen by drug, n (%)

  Calcineurin inhibitors

  TAC N/A N/A 11 (57.9)

  CsA N/A N/A 8 (42.1)

  Prednisolone N/A N/A 19 (100)

  Antimetabolites

  MPA N/A N/A 16 (84.2)

  Azathioprine N/A N/A 0 (0)

  mTOR inhibitors N/A N/A 3 (15.8)

  Baseline creatinine, mean ± SD 8 ± 2 11 ± 2 2.5 ± 0.8 < 0.001a,b,c

  Baseline creatinine > 1.5 mg/dL, n (%)1 N/A N/A 7 (36.8)

Day(s) of illness, mean ± SD 4 ± 2 3 ± 1 3 ± 1 < 0.001a

Initial symptoms, n (%)

  Fever or chills 511 (97.5) 34 (100) 19 (100) NS

  Cough 488 (93.1) 34 (100) 18 (94.7) NS

  Dyspnea 321 (61.3) 30 (88.2) 16 (84.2) 0.002a, 0.043b

  Chest pain 152 (29.0) 11 (32.4) 8 (42.1) NS

  Coryza 501 (95.6) 34 (100) 19 (100) NS

  Headache 161 (30.7) 5 (14.7) 6 (31.6) 0.048a

  Nasal congestion 359 (68.5) 9 (26.5) 11 (57.9) < 0.0001a, 0.025c

  Fatigue 209 (40.0) 34 (100) 9 (47.4) < 0.0001a, < 0.0001c

  Myalgia 386 (73.7) 31 (91.2) 12 (63.2) 0.023a, 0.013c
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  Nausea or vomiting 137 (26.1) 30 (88.2) 4 (21.1) < 0.0001a,c

  Diarrhea 83 (15.8) 25 (73.5) 3 (15.8) < 0.0001a,c

  Anosmia 66 (12.6) 7 (20.6) 1 (5.3) NS

  Ageusia 25 (4.8) 6 (17.6) 2 (10.5) 0.002a

  Number of symptoms, mean ± SD 7 ± 2 9 ± 1 4 ± 2 < 0.0001a,b,c

COVID-19 severity, n (%)

  Mild 252 (48.1) 2 (5.9) 0 (0) < 0.0001a,b

  Moderate 137 (26.1) 7 (20.6) 4 (21.1) NS

  Severe 135 (25.8) 25 (73.5) 0 (0) < 0.0001a,c, 0.011b

  High-sensitivity C-reactive protein 
(mg/L)

32 ± 14 59 ± 11 17 ± 9 < 0.0001a,b,c

  D-dimer (ng/mL) 2749 ± 578 5339 ± 786 1699 ± 175 < 0.0001a,b,c

Treatments, n (%)

  Remdesivir 352 (67.2) 30 (88.2) 8 (42.1) 0.011a, 0.023b, 
0.0004c

  Favipiravir 172 (32.8) 4 (11.8) 11 (57.9) 0.011a, 0.023b, < 
0.001c

  Tocilizumab 39 (7.4) 12 (63.1) 0 (0) < 0.0001a,c

  Corticosteroids 429 (81.9) 34 (100) 19 (100) 0.007a, 0.041b

  Low-molecular weight heparin 482 (92.0) 32 (94.1) 7 (36.8) < 0.0001b,c

Outcomes during the acute phase, n (%)

  Hospitalization 524 (100) 34 (100) 19 (100) -

  Intensive care unit 204 (38.9) 27 (79.4) 4 (21.1) < 0.0001a,c

  Oxygen therapy 272 (51.9) 32 (94.1) 4 (21.1) < 0.0001a,c, 0.008b

  Invasive mechanical ventilation 104 (19.8) 23 (67.6) 0 (0) < 0.0001a,c, 0.031b

  Increased dialysis frequency 178 (34.0) 0 (0) N/A < 0.0001a

  Immunosuppression suspended except 
for steroids1

N/A N/A 2 (10.5)

1Only kidney transplant recipient group.
Only the comparisons between following groups with statistical significance are shown.
aHemodialysis vs peritoneal dialysis group.
bHemodialysis vs kidney transplantation group.
cPeritoneal dialysis vs kidney transplantation group.
APD: Automated peritoneal dialysis; COVID-19: Coronavirus disease 2019; CAPD: Continuous ambulatory peritoneal dialysis; CsA: Cyclosporin A; MPA: 
Mycophenolate; mTORi: Mammalian target of rapamycin inhibitors; TAC: Tacrolimus; N/A: Not applicable; NS: Non-significant.

DISCUSSION
In this study, we observed that a GI manifestation of Long-COVID is a frequent condition in patients 
with dialysis dependence and KT recipients. Long-COVID was significantly more prevalent in PD 
patients than in HD or KT cases. Notably, patients who experienced either abdominal pain or diarrhea 
had a longer duration of other GI manifestations of Long-COVID, suggesting a need for closer 
observation of these patients during COVID-19 infection.

COVID-19 has brought forth a multitude of challenges to healthcare systems across the globe. Apart 
from the significant morbidity and mortality associated with COVID-19 during its initial phase, 
recognition and concern are growing regarding the long-term consequences of COVID-19[2,3,22]. 
Dialysis-dependent patients and KT recipients are clearly high-risk groups associated with higher 
numbers of comorbidities and immunosuppressive issues and require more aggressive courses of 
COVID-19 treatment in terms of acute and chronic complications[8,23,24]. Although the most visible 
manifestation of Long-COVID in the general population is asthenia, or brain fog[22,25], we found that 
anorexia was the most common GI manifestation of Long-COVID in both dialysis-dependent patients 
and KT recipients, followed by abdominal pain and loss of taste (Figure 2A).
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Figure 1 Flow chart showing the number of eligible participants and the final cases enrolled in the study. COVID-19: Coronavirus disease 2019.

The prevalence and characteristics of Long-COVID in the present cohort seem to differ from its 
manifestations in other populations, in which diarrhea was the most persistently encountered GI 
symptom[26-31]. This difference could be explained by the combination of pre-existing uremic toxins in 
dialysis-dependent patients, as well as a delayed clearance of inflammatory cytokines[32] and enhanced 
oxidative stress associated with end-stage renal disease (ESRD)[33]. As such, restoration of renal 
function in KT recipients resulted in a decrease in the incidence of GI manifestations of Long-COVID 
compared with ESRD patients (Figure 2A). However, kidney transplantation does not entirely reverse T 
cell functions[34], and the underlying mechanisms of epigenetic changes induced by any combination of 
inflammation and oxidative stress associated with uremia are not easily reversible[35]. For these 
reasons, KT recipients with COVID-19 infection still have a persistently increased risk for Long-COVID.

As shown in Figure 2B, most of the participants experienced much improvement in the manifest-
ations of Long-COVID after 4 wk and nearly complete resolution by three months. However, the differ-
ential diagnosis between the functional limitation during the COVID rehabilitation phase vs the Long-
COVID syndrome may be difficult. Accordingly, the need for a robust clarification of the sequelae after 
COVID-19 infection is another concern in the post-pandemic era. The British NICE suggests that the 
term PASC must refer to any clinical signs and symptoms that develop during or after an infection 
consistent with COVID-19, that continue for more than 12 wk, and that cannot be explained by any 
other conditions[6]. Similarly, the World Health Organization (WHO) defines the PASC syndrome as 
any symptoms without an alternative diagnosis from three months onwards and that last for at least 2 
mo[7]. Based on our findings, we found a significant difference in the clinical spectrum between patients 
with a symptom duration longer than 3 mo vs less than 3 mo post-COVID-19 infection (Figure 2B), in 
agreement with the COVID Symptom Study[36]. One explanation for the persistence of clinical signs 
and symptoms following COVID-19 infection may involve the underlying biological factors, such as an 
aberrant immune response[37], diverse functional autoantibodies[38], or gut dysbiosis[39], that drive 
other virus-initiated chronic syndromes.

We support using the 12-week cut-off duration as recommended by NICE and WHO for the 
diagnosis of PASC, and we propose an additional revision of the specific nomenclature for early and 
late Long-COVID syndrome. We propose using the term “post-acute COVID-19 syndrome (PACS)” for 
the clinical syndrome that develops three months from post-COVID-19 infection and using “chronic 
COVID-19 syndrome” thereafter (Figure 3). We further recommend reserving the term “Long-COVID 
syndrome” for the clinical syndrome that develops beyond three months post-COVID-19 infection and 
lasts for at least six months, because Long-COVID syndrome may be another post-viral illness spectrum, 
like myalgic encephalomyelitis/chronic fatigue syndrome[40].

The mechanisms underlying the GI manifestations of Long-COVID are not completely understood. 
One plausible explanation might be that an impairment of gut homeostasis is explained by disruption of 
gut-lung communication[41]. The manifestations during acute COVID-19 are believed to be related to 
an increased expression of ACE2 on the small bowel mucosa[17], endotoxemia[16,42], leaky gut[16], and 
alterations in hepatic blood flow due to sinusoidal thrombi[43], all triggered by an increased proinflam-
matory state and intestinal dysbiosis. Undoubtedly, the greater severity of COVID-19 infection in the 
elderly (high C-reactive protein > 5 mg/L, high D-dimer > 500 ng/mL with > 65 years old), as shown in 
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Figure 2 The burden of gastrointestinal manifestations of prolonged symptoms after corona virus disease 2019. Post-acute sequelae were 
followed from 30 d after infection until the end of follow-up. A: Comparison of the prevalence and characteristics of prolonged symptoms after corona virus disease 
2019 (Long-COVID) among dialysis-dependent (HD, n = 293; PD, n = 21) and kidney transplant recipients (n = 7); B: Time course of individual Long-COVID 
syndrome and resolution of symptoms. The color shading indicates Long-COVID syndrome that resolved within 90 d; C: Risk factors for gastrointestinal 
manifestations of Long-COVID. Long-COVID: Prolonged symptoms after corona virus disease 2019; CRP: C-reactive protein (high CRP > 5 mg/L, D-dimer > 500 
ng/mL).

Figure 2C, also leads to a greater risk of GI manifestations of Long-COVID[44]. Although COVID-19 
outcomes are comparable between PD and HD patients[45], the findings of the present study 
demonstrated that PD patients have a greater risk of developing GI manifestations of Long-COVID. 
Being elderly and having more symptoms (Table 1) may constitute key risk factors for developing Long-
COVID in PD patients[46].

Irritable bowel syndrome, a condition with diverse symptoms, including diarrhea, constipation, and 
mixed bowel habits according to the Rome criteria[47], has been recently proposed as a possible 
consequence of COVID-19 infection due to disruption of the diversity and stability of the gut microbiota
[48]. For this reason, evaluation of whether diarrhea and indigestion manifestations of Long-COVID 
alter the gut microbiome would be worth investigating[49]. This possibility also suggests that the use of 
specific probiotics and prebiotics in COVID-19 clinical treatment may help KT recipients with COVID-
19 infections to rebalance their gut and lung microbial ecology, thereby boosting their immune 
responses against the virus in response to a new metabolic milieu[50].

Moreover, little is known about the pathophysiology of the abdominal pain manifestation of Long-
COVID-19. Prolonged shedding of SARS-CoV-2 from the GI tract has been observed and could be 
responsible for some of the GI manifestations of Long-COVID[51]. Interestingly, we found that over 
one-third of our KT recipients had been diagnosed with mesenteric panniculitis-related Long-COVID. 
Although this is a rare condition, concern is growing regarding the conditional pain associated with 
COVID-19[52,53]. Notably, all of our recipients with mesenteric panniculitis fully recovered after 
corticosteroid administration, suggesting that systemic inflammation is the process involved here[54]. 
Although renal allograft dysfunction and graft loss following COVID-19 infection are possibly resulted 
from direct toxicity of SARS-CoV-2, cytokine storm-induced tubular injury, reduced immunosup-
pressive drugs during infection and decreased renal allograft blood flow from multiple organ failure[55-
57], there was no reported case of acute kidney injury in the cohort.

The strengths of the present study are that we compiled the data available on the prevalence, sympto-
matology, and specific treatment of the particular GI manifestations of Long-COVID symptoms; this 
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Figure 3 Illustration of the proposed new nomenclature for clinical syndromes following post-corona virus disease 2019 infection. We 
propose that the term post-acute-corona virus disease 2019 (COVID-19) syndrome should describe illness occurring within 90 d from the onset of COVID-19 
infection. Chronic COVID-19 syndrome (CCS) would then be a modified classification that refers to the clinical syndrome thereafter. By contrast, the term Long-
COVID syndrome should be reserved for patients showing CCS lasting for at least six months. In the case of severe symptoms, the investigation and corresponding 
treatments should be addressed at 60 d to prevent serious CCS. Long-COVID: Prolonged symptoms after corona virus disease 2019.

will help to guide clinicians in dealing with the pandemic. The identification of GI manifestations of 
Long-COVID in KT recipients could also help to define the contours of this new SARS-CoV-2 virus. 
Some limitations of the present study should also be acknowledged. This was a renal referral center 
study with a limited diversity of patient characteristics. No non-COVID-19 patients were included in the 
study, and the small number of participants made the study underpowered for investigating the risk 
factors associated with GI symptoms. Thus, the results need confirmation with larger cohorts that can 
apply the structural equation modeling for analysis, which has greater statistical power in terms of the 
probability of rejecting of a false null hypothesis than multiple regression analysis does[58]. In addition, 
the influence of different SARS-CoV-2 variants on GI manifestations of Long-COVID in dialysis-
dependent and KT patients was not clarified, nor was the vaccination status against different variants 
addressed in our cohorts. However, based on the timing of the pandemic, the main strain circulating at 
the time of our study was the Delta (B.1.617) strain, accompanied by an early wave of the Omicron 
(B.1.1.529) variants[59,60]. Accordingly, an in-depth analysis of confounders should also be performed 
in larger, multinational cohorts. It is also challenging to find unrecovered pathophysiology of the long-
term GI effects of COVID-19. Future research should not overlook other organ interactions to GI 
manifestations of Long-COVID, for instance, mental health symptoms (e.g., depression and anxiety 
symptoms) nor additional post-infectious symptoms that were not assessed in the present study (e.g., 
cardiovascular disease), as depression[61-63], gut-brain axis[64] or cardiovascular diseases[65] are the 
main etiology of long-term comorbidity of COVID-19[5], especially in HD patients[66]. In addition to 
lack of appetite, ESRD is recognized as a high risk of pre-existing undernutrition (malnutrition), 
including micronutrient deficiencies from malnutrition-inflammation-cachexia complex[67], which has 
been linked to increased mortality in patients with COVID-19[68]. Thus, nutrition support could be 
another critical intervention during COVID-19 infection in ESRD that robust research is needed for 
clarification as, vice versa, reduced long-term GI sequelae is probably part of the overall benefit from 
nutritional support.

CONCLUSION
In conclusion, at 3 mo after infection with SARS-CoV-2, renal replacement therapy patients and KT 
recipients with COVID-19 show high rates of GI manifestations of Long-COVID after discharge 
following their initial episode. These data point to optimized management as a potential line of research 
for decreasing Long-COVID syndrome in these populations.

ARTICLE HIGHLIGHTS
Research background
The characteristics of persistent coronavirus disease 2019 (COVID-19)  symptoms or Long-COVID in 
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dialysis-dependent patients and kidney transplant (KT) is remain underestimate and urgent needs for 
investigation to prevent long-term complication in these vulnerable population.

Research motivation
End stage renal disease is a well-known condition for high mortality risk following COVID-19 infection. 
Thus, it is essential to explore the Long-COVID in these population as an early preventive strategy for 
preventing further morbidity and mortality.

Research objectives
To identify the characteristics of gastrointestinal (GI) manifestations of Long-COVID in patients with 
dialysis-dependent or KT status.

Research methods
A prospective, observational study was conducted during January 2022 to July 2022 in patients with 
COVID-19 infection to explore the Long-COVID symptoms in 3-months after the onset by interviewing.

Research results
As of 577 cases agreed to the interviews, the mean age was 52±11 years with 52% women. Long-COVID 
was identified in 56%, 62% and 37% in hemodialysis, peritoneal dialysis, and KT respectively. While 
fatigue was the most prevalent (96%) of the non-GI tract symptoms, anorexia (90.9%), loss of taste 
(64.4%), and abdominal pain (62.5%) were the first three common GI manifestations of Long-COVID. Of 
note, there were 6 cases of mesenteric panniculitis from 19 patients with GI symptoms in the KT group.

Research conclusions
Renal replacement therapy patients and KT recipients with COVID-19 show high rates of GI manifest-
ations of Long-COVID after discharge following their initial episode.

Research perspectives
Further study should aim to explore the pathophysiology of the long-term GI effects of COVID-19 in 
renal replacement therapy and KT patients, which may have different immune response to Long-
COVID symptoms compared to those with immunocompetent.
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Abstract
BACKGROUND 
Acute cholangitis (AC) constitutes an infection with increased mortality rates in 
the past. Due to new diagnostic tools and therapeutic methods, the mortality of 
AC has been significantly reduced nowadays. The initial antibiotic treatment of 
AC has been oriented to the most common pathogens connected to this infection. 
However, the optimal duration of the antibiotic treatment of AC is still debatable.

AIM 
To investigate if shorter-course antibiotic treatments could be similarly effective to 
long-course treatments in adults with AC.

METHODS 
This study constitutes a systematic review and meta-analysis of the existing 
literature concerning the duration of antibiotic therapy of AC and an assessment 
of the quality of the evidence. The study was conducted in accordance with the 
recommendations of the Preferred Reporting Items for Systematic Review and 
Meta-Analyses. Fifteen studies were included in the systematic review, and eight 
were eligible for meta-analysis. Due to heterogeneous duration cutoffs, three 
study-analysis groups were formed, with a cutoff of 2-3, 6-7, and 14 d.

RESULTS 
A total of 2763 patients were included in the systematic review, and 1313 were 

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v29.i19.3027
mailto:kar.kasparian@gmail.com


Kasparian K et al. Antibiotic duration in adults with AC

WJG https://www.wjgnet.com 3028 May 21, 2023 Volume 29 Issue 19

accounted for the meta-analysis. The mean age was 73.66 ± 14.67 years, and the male and female 
ratio was 1:08. No significant differences were observed in the mortality rates of antibiotic 
treatment of 2-3 d, compared to longer treatments (odds ratio = 0.78, 95% confidence interval: 0.23-
2.67, I2 = 9%) and the recurrence rates and hospitalization length were also not different in all 
study groups.

CONCLUSION 
Short- and long-course antibiotic treatments may be similarly effective concerning the mortality 
and recurrence rates of AC. Safe conclusions cannot be extracted concerning the hospitalization 
duration.

Key Words: Acute cholangitis; Antibiotic; Short-course; Long-course; Antimicrobial; Treatment duration

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

Core Tip: The exact duration of antibiotic therapy for acute cholangitis in adult patients remains a contro-
versial subject in the field of gastroenterology. A total antibiotic treatment of 4-7 d is recommended by the 
Tokyo Guidelines of 2018. However, recent studies present that schemata of shorter-course therapies 
could promise similar efficacy and safety. In our study, we systematically reviewed the existing literature 
in order to compare the death and recurrence rates and the length of hospitalization between patients with 
antibiotic treatments of shorter and longer durations. Our findings showed no significant differences 
between the study groups in all outcomes.

Citation: Kasparian K, Christou CD, Petidis K, Doumas M, Giouleme O. Short vs long-course antibiotic therapy in 
adults with acute cholangitis: A systematic review, meta-analysis, and evidence quality assessment. World J 
Gastroenterol 2023; 29(19): 3027-3039
URL: https://www.wjgnet.com/1007-9327/full/v29/i19/3027.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i19.3027

INTRODUCTION
The mortality rates of acute cholangitis (AC) have significantly decreased by comparing patients’ data 
before 1980 and after 2000, from 10%-30% to 2.7%-10%[1]. Multiple factors, such as the development of 
modern diagnostic techniques, therapeutic methods for bile duct decompression, and new antibiotics 
adapted to microbiological studies, have significantly contributed to this improvement in the prognosis 
of AC[2].

The bacterial species commonly detected in AC differ in relationship with the severity of AC[1,3]. 
Because of this fact, the empirical antibiotic therapy provided should be oriented to the severity grade as 
defined in the Tokyo Guidelines (TG)[4]. Previous operations, the origin of the infection, possible 
allergies, pharmacodynamics, pharmacokinetics, local antibiogram and liver or renal dysfunction 
should also determine the choice of antimicrobial therapy in patients with AC[5].

A major issue concerning the therapy of AC is the exact duration of the definite antibiotic treatment. 
The TG 2018 (TG18) suggest that the antimicrobial therapy should last 4-7 d, and if gram-positive cocci 
are present, a minimum therapy of two weeks should be administrated[5]. This interval between the 
recommended treatment days is relatively wide, and the recommendation provided is not based on a 
high level of evidence (level C). Recent studies suggest that even a therapy of two or three days could be 
equally effective and safe, and it could reduce the length of in-hospital stay of patients, with a 
consequent reduction in the economic burden on the health systems[6-8]. A randomized controlled trial 
also showed similar clinical outcomes for patients with intraabdominal infections who received 
antibiotic therapy for two days after the resolution of fever, compared to those who received therapy for 
a maximum of 10 d[9].

Our purpose in conducting this systematic review and meta-analysis is to collect all available data 
existing in the current bibliography in order to ascertain if short-course antibiotic therapies could 
promise lower mortality, lower rates of recurrent AC, and shorter hospitalizations in adults with AC, 
compared to long-course antibiotic therapies and, if possible, to attempt to clarify the optimal duration 
of the antimicrobial treatment of the AC.
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MATERIALS AND METHODS
Review protocol
Our systematic review was conducted according to the guidelines of the Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA)[10]. Two independent reviewers (Kasparian K and 
Christou CD) performed research in Medline-PubMed and Cochrane databases by applying a 
predefined research algorithm. The last search date was the 5th of October, 2022. The studies were 
initially controlled according to their title and abstract and followingly according to their full texts and 
the extractability of their content. We included studies concerning adults who received antibiotic 
therapy against AC, and whose therapy duration or mean/median duration was documented. We 
included only original studies in our systematic review (observational studies and randomized 
controlled trials). The exclusion criteria for the articles in our review, were studies concerning infantile 
population, animal studies, non-English studies, case reports or case series, comments or editorials, 
book chapters, studies with non-extractable data, abstract publications, protocols of incomplete clinical 
trials, irrelevant articles, surveys, and articles whose full-texts could not be retrieved. Conflicts during 
the eligibility process were resolved after a discussion between the two reviewers.

From the 1380 articles retrieved from the research, 50 were removed as duplicates and 1150 were 
excluded according to their titles and abstracts. From the 177 remaining studies, 15 were included in our 
systematic review[6,8,11-23], and the quantitative analysis of our research question was based on eight 
studies[8,11,12,16,17,21-23]. Forty-five papers contained data that was not extractable for our review, 
one study concerned a population of non-adult patients, 49 studies were irrelevant to our research 
questions, and the remaining excluded papers concerned non-original studies. One of the final papers 
constitutes a randomized-controlled trial, while the other fourteen concern retrospective observational 
studies. The details of the reasons for the exclusion of the papers are summarized in the PRISMA 
flowchart in Figure 1.

Data extraction
The two reviewers (Kasparian K and Christou CD) collected and tabulated independently the data of 
the final papers chosen for this review. Each reviewer gathered data concerning the study protocol, the 
baseline characteristics of the participants, and data concerning the outcomes and their definitions. The 
baseline characteristics to be collected for our review were predefined: Mean age and standard 
deviations (SD), gender, comorbidities, severity grade of AC, antibiotic therapy, and biliary drainage 
method. Heterogenous numerical data were transformed into the same predefined measurement units 
for statistical analysis. The two reviewers compared the data that each one collected, and conflicts were 
resolved between them.

Outcomes
The primary outcome of our study was the mortality of the patients. Secondary outcomes were the 
recurrence rate and the length of hospitalization of AC, measured with days. All outcomes were 
predefined. As mortality, we define the total, all-cause mortality of the participants until the end of the 
follow-up period of each study. In-hospital mortality due to AC was not examined.

Due to the heterogeneity in the time cutoff points between the intervention groups in each study, our 
quantitative analysis was divided into three subgroups. More specifically, an analysis was conducted 
among the studies which compared a therapy of 2-3 d to longer antibiotic treatments[6,8,11,21], studies 
with a cutoff of 6-7 d were separately analyzed[22,23], and the two papers which assessed clinical 
outcomes in AC-patients who received antibiotic treatment of for 14 d or less were summarized together
[12,16].

Statistical analysis
All continuous variables are presented with the means and SD. For numerical variables which were not 
normally distributed and for which their medians and interquartile ranges or ranges were provided, we 
used the Hozo equation to calculate their means and SD[24]. For the data synthesis of the numerical 
variables, standardized mean differences (SMD) and 95% confidence intervals (95%CI) were calculated, 
with the use of Hedge´s method, for bias to be minimized[25]. For the categorical variables, we collected 
the absolute values and calculated the odds ratios (OR) and their 95%CIs. The data synthesis of the 
qualitative variables was based on the random effects model. In cases where no events were presented 
concerning a qualitative variable in a study group, the proper changes were conducted, in order for the 
statistical analysis to be feasible[26]. For the evaluation of the study heterogeneity, the I2 value was 
calculated for each outcome. We presume I2 > 70% as an indicator of heterogeneity among the studies. 
For all other measurements, we selected a P value of 0.05 as the cutoff point for the presence of 
statistical significance. All calculations and Forest plots were conducted through the program R Studio, 
version 1.4.1103.

Quality assessment
To assess the quality of the observational studies included in our systematic review and meta-analysis, 
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Figure 1  The Preferred Reporting Items for Systematic Review and Meta-Analyses flow chart of the systematic review and meta-analysis.

the Newcastle-Ottawa Scale was used[27]. The randomized clinical trials were evaluated for quality 
according to the Risk-of-Bias tool version 2 (RoB 2) provided by Cochrane[28]. Two reviewers 
(Kasparian K and Christou CD) independently assessed the final studies using the methods mentioned 
above, and possible conflicts were resolved afterward.

RESULTS
Baseline characteristics
As mentioned, 15 studies were included in our systematic review, and eight were considered eligible for 
the meta-analysis. The included studies were primarily conducted in Japan (8/15), two in the 
Netherlands, and the remaining studies originated from medical centers in France, Germany, Pakistan, 
South Korea, and Thailand. In 11/15 studies, the diagnosis of AC was based on the TG18/TG13 
guidelines[6,8,12-14,16-18,20,21,23], two studies defined AC, depending on the TG07[15,19], Doi et al[22] 
controlled the presence the proper code of the 10th Edition of the International Classification of Diseases 
in hospital registries and positive bile or blood cultures for the selection of the patients, while van Lent 
et al[11] based the diagnosis of cholangitis on clinical, laboratory and imaging criteria.

The overall number of patients included in the systematic review was n = 2763, which corresponded 
to 2812 cases of AC. In the eight studies selected for the quantitative analysis, a total of 1219 patients and 
1313 cases received antibiotic treatment against AC. The pooled mean age of the participants in the 
meta-analysis was 73.66 ± 14.67 years, and 721 (54.9%) of them were males, with a male to female ratio 
of 1:0.8. According to the TG18 severity grading system, 400/972 (41.1%) patients were classified as 
grade I, 525/972 (54.1%) as grade II while 45/972 (4.6%) of the patients suffered from grade III AC. 
Positive blood culture was detected in 383/742 (51.6%) participants. Escherichia coli (188/383, 49.1%) and 
Klebsiella spp. (75/383, 19.6%) were the most frequently identified pathogens, while 26/278 (9.3%) 
patients presented infection with gram-positive bacteria. A total of 244/1155 (21.1%) patients suffered 
from diabetes mellitus, 126/779 (16.2%) had a history of chronic kidney disease, and 107/779 (13.7%) 
participants presented a cardiac comorbidity, either chronic heart failure or coronary artery disease. 
Most patients received Cephalosporines (229/540, 42.4%) as antibiotic treatment and based on the 
available data, 275/326 (84.3%) patients underwent papillotomy during endoscopic retrograde cholan-
giopancreatography. For the last characteristic, only two studies included available data. Details for the 
baseline characteristics of the studies are summarized in Table 1.
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Table 1 Baseline characteristics of the studies

Ref. Country Study 
period

Study 
design

Definition 
of AC Population Intervention Outcomes

Ferstl et al
[23], 2022

Germany 2008-2019 Retrospective 
observational 
study

TG18/TG13 Grade I and grade II AC 
after ERCP

Antibiotic therapy of 6 d Recurrent 
cholangitis 
within 28 d

Kihara and 
Yokomizo
[20], 2022

Japan January 
2009 to 
August 
2018

Retrospective 
observational 
study

TG18/TG13 Postoperative cholangitis 
after pancreaticoduoden-
ectomy

Antibiotic therapy and 
pancreaticoduoedenectomy

Clinical charac-
teristics and 
outcomes in 
patients with 
acute cholangitis

Masuda et al
[6], 2022

Japan January 
2018 to 
July 2020

Retrospective 
observational 
study

TG18/TG13 Grade I and grade II AC 
after successful ERCP

Antibiotic therapy of 3 d 30-d-mortality, 
recurrent 
cholangitis 
within 3 mo, 
length of hospit-
alization, in-
hospital 
mortality

Sokal et al[14], 
2022

France 2016-2018 Retrospective 
observational 
study

TG18/TG13 Patients with AC with and 
without malignant etiology

Cancer-associated AC Duration of 
antibiotic 
therapy, 28-d-
mortality, liver 
abscess

Masuda et al
[17], 2021

Japan April 2018 
to March 
2020

Retrospective 
observational 
study

TG18/TG13 AC patients with positive 
blood or bile culture and 
early ERCP

AC due to antibiotic 
resistant bacteria

Duration of 
antibiotic 
therapy, 
duration of 
hospitalization, 
in-hospital 
mortality, 
increased disease 
severity

Akhtar et al
[18], 2020

Pakistan June 2012 
to June 
2017

Cross-
sectional 
observational 
study

TG18/TG13 AC patients without liver 
metastases or other reason 
for deranged liver function 
test. 70% of patients received 
ERCP

3-mo-mortality Duration of 
antibiotic 
therapy, clinical 
severity, 
bacteremia

Haal et al[21], 
2020

Netherlands January 
2012 to 
January 
2017

Retrospective 
observational 
study

TG18/TG13 AC only due to stone in the 
common bile duct, without 
prior antibiotic therapy after 
ERCP

Antibiotic therapy of ≤ 3 d 3-mo-mortality, 
length of hospit-
alization, 
recurrent 
cholangitis, other 
complications

Satake et al[8], 
2020

Japan April 2014 
to March 
2019

Retrospective 
observational 
study

TG18/TG13 Grade I and grade II AC only 
due to choledocholithiasis 
who underwent ERCP

Antibiotic therapy of ≤ 3 d 30-d-mortality, 
length of hospit-
alization, 
recurrent 
cholangitis 
within 3 mo

Netinatsunton 
et al[16], 2019

Thailand August 
2017 to 
August 
2018

Randomized 
controlled 
trial

TG18/TG13 AC only due to choledocho-
lithiasis without presence of 
the Reynold´s pentad. Time 
to ERCP same between the 
study groups

Antibiotic therapy of ≤ 14 d Recurrent 
cholangitis, 
length of hospit-
alization

Doi et al[22], 
2018

Japan January 
2012 to 
February 
2017

Retrospective 
observational 
study

ICD-10 and 
positive 
blood culture

AC and positive blood 
culture

Antibiotic therapy of ≤ 7 d 30-d-mortality, 
recurrent 
cholangitis 
within 3 mo 
(recurrence of 
symptoms)

Tagashira et al
[13], 2017

Japan January 
2009 to 
December 
2015

Retrospective 
observational 
study

TG18/TG13 Bacteriemic AC and ERCP 
where indicated

Adequate initial antibiotic 
therapy

Duration of 
antibiotic 
treatment, 30-d 
mortality

30-d mortality, 
recurrent 
cholangitis 
within 3 mo, 

Uno et al[12], 
2017

Japan July 2012 
to March 
2014

Retrospective 
observational 
study

TG18/TG13 AC patients with gram-
negative bacteriemia and 
after ERCP

Antibiotic therapy of ≤ 14 d
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antimicrobial 
treatment 
duration

Park et al[15], 
2014

South Korea September 
2010 to 
November 
2012

Randomized 
controlled 
trial

TG07 AC with bacteremia and 
ERCP within 24 h after 
admission

Intravenous antibiotic 
therapy of 6 d plus 8 d oral 
antibiotic therapy

30-d mortality, 
length of hospit-
alization, 
eradication of 
bacteria after 30 
d

Kogure et al
[19], 2011

Japan September 
2007 to 
August 
2009

Retrospective 
observational 
study

TG07 Moderate and severe AC 
with ERCP

Antibiotic therapy of 3 d Recurrent 
cholangitis

Van Lent et al
[11], 2002

Netherlands February 
1999 to 
September 
1999

Retrospective 
observational 
study

Fever > 38 °C 
and elevated 
bilirubin 
levels or bile 
duct 
dilatation in 
ultrasound

AC after successful ERCP. 
Exclusion of patients with 
primary sclerosing 
cholangitis, liver transplant 
recipients, bile duct atresia, 
inflammatory bowel disease

Antibiotic therapy of ≤ 3 d 6-mo mortality 
and recurrent 
cholangitis

AC: Acute cholangitis; TG18: Tokyo Guidelines 2018; TG13: Tokyo Guidelines 2013; TG07: Tokyo Guidelines 2007; ICD-10: The 10th Edition of the 
International Classification of Diseases; ERCP: Endoscopic retrograde cholangiopancreatography.

Mortality
Among the eight studies which were included in the quantitative analysis, six of them included 
mortality as an outcome[6,8,11,12,21,22], while five of the studies that were not suitable for the meta-
analysis provided information for the participants’ death[13-15,17,18]. Six studies calculated a 30-d 
mortality rate[6,8,12,13,15,22], Sokal et al[14] presented data concerning 28-d mortality, and Haal et al
[21] conducted a follow-up of 3 mo concerning the death rates of the participants. Van Lent et al[11] 
observed the mortality of the patients for the following six months after the intervention.

After summarizing the data of the four studies with a duration of 2-3 of antibiotic treatment as cutoff 
point[6,8,11,21], no significant difference in the mortality between the two patient groups is present (OR 
= 0.78, 95%CI: 0.23-2.67, I2 = 9%) (Figure 2A). No heterogeneity among these studies concerning our 
primary outcome is noted (I2 = 9%).

In the study of Doi et al[22], patients who received an antibiotic treatment of fewer than seven days 
presented similar death rates compared to those with longer therapeutic schemata (OR = 0.82, 95%CI: 
0.18-2.95, I2 = 9%). The 30-d mortality rates of AC patients did not seem to differ between antibiotic 
therapies, of 14 d or shorter, according to Uno et al[12] (2 vs 0, P = 0.79, Fisher´s exact test).

Similar findings are also observable in the rest of the studies, which were not included in the meta-
analysis. Sokal et al[14] presented that although patients with cancer-related-AC took an antibiotic 
treatment of mean duration with no significant difference compared to those that suffered from non-
cancer-related-AC (10.6 ± 9.7 vs 7.8 ± 7.5 d, P = 0.13), the patients who belonged in the first group had 
significantly higher mortality rates (17 vs 0 deaths, P = 0.0002). In the rest of the studies, no differences 
concerning mortality were to be noted[13,15,17,18].

Recurrent cholangitis
Five of the included papers calculated a recurrence rate up to a follow-up period of 3 mo[6,8,12,21,22], 
van Lent et al[11] estimated a 28-d recurrence rate, Ferstl et al[23] recorded the shortest follow-up period 
among the studies (28 d) and two studies did not clarify the exact duration of follow-up for this 
outcome[16,19].

According to the studies retrieved from our review, a two to three-day antibiotic therapy was not 
associated with a significantly more frequent appearance of recurrent cholangitis (OR = 0.89, 95%CI: 
0.49-1.60) (Figure 2B)[6,8,11,21]. No differences were also noted in the rates of recurrent AC neither in 
the 6-7-d-cutoff (OR = 1.11, 95%CI: 0.45-2.75) nor the 14-d-cutoff study groups (OR = 0.15, 95%CI: 0.02-
1.35) (Figures 3 and 4A respectively). In all these comparisons, no significant study heterogeneity was 
observed (I2 = 38%, 0%, and 0%, respectively). In the study of Kogure et al[19], no recurrent cholangitis 
was observed in both study groups, with and without withdrawal of the antibiotic therapy on the third 
day of treatment.

Length of hospitalization
Although in the studies of Masuda et al[6] and Haal et al[21], the patients who belong to the two-day 
and three-day antibiotic therapy have a significantly shorter hospitalization duration, the SMD of all 
three studies with a cutoff of 2-3 d is not significantly lower in the short-term antibiotic group (SMD = 
-0.53, 95%CI: -1.88 to 0.82, I2 = 91%) (Figure 2C). Similarly, no difference was found between the short- 
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Figure 2 Forest plot between patients with acute cholangitis who received an antibiotic therapy of 2-3 d and acute cholangitis-patients 
with longer antibiotic treatment. A: Mortality; B: Recurrent cholangitis; C: Duration of hospitalization. OR: Odds ratio; CI: Confidence interval; SMD: 
Standardized mean difference.

Figure 3 Forest plot of recurrent cholangitis between patients with acute cholangitis who received an antibiotic therapy of 6-7 d and 
acute cholangitis-patients with longer antibiotic treatment. OR: Odds ratio; CI: Confidence interval.

and long-term treatment groups concerning the length of in-hospital stay (SMD = -1.30, 95%CI: -14.43 to 
11.84, I2 = 95%) (Figure 4B). However, the considerable study heterogeneity (I2 = 91% and 95%, 
respectively) does not allow us to extract strong conclusions. On the contrary, Park et al[15] estimated 
that a switch from intravenous to oral antibiotic therapy after six days from the treatment initiation led 
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Figure 4 Forest plot between patients with acute cholangitis who received an antibiotic therapy of 14 d and acute cholangitis-patients 
with shorter antibiotic treatment. A: Recurrent cholangitis; B: Duration of hospitalization. OR: Odds ratio; CI: Confidence interval; SMD: Standardized mean 
difference.

to a significantly lower length of hospitalization in comparison with a switch at ten days of treatment.

Quality assessment
Based on the Newcastlte-Ottawa Scale, six of the observational studies included in the systematic review 
were considered of good quality[6,8,13,17,21,23], while the remaining seven were graded as low-quality 
studies, concerning our outcomes of interest, mostly due to lack of comparability between the cohort 
participants[11,13,14,18-20,22] (Table 2). In the study of Netinatsunton et al[16], as far as the random-
ization process is concerned, although the patients were randomized with the use of a computer-
generated process and the baseline characteristics of the patients did not significantly differ, the results 
of the randomization were stated to be concealed in envelopes. However, the status and the accessibility 
of the envelopes are not provided, which raises concerns regarding the absolute transparency of the 
randomization. Additionally, no information is provided to manage the patients who did not adhere to 
the trial. Furthermore, the fact that no more information is provided concerning the construction of the 
study, as the trial protocol is provided neither in the clinicaltrials.gov website nor in the text in its 
complete form, leads us to the conclusion that the risk of bias in this study is high.

The trial of Park et al[15] has been based on a computer-generated block randomization model. 
However, no allocation concealment was possible due to the different application ways of the different 
interventions (oral vs intravenous). The authors followed an intention-to-treat model, but the lack of 
blinding may have led to a bias in measuring the outcome. Due to these facts, we conclude that the trial 
of Park et al[15] may also be connected to a high risk of bias.

DISCUSSION
To our knowledge, this is the first complete meta-analysis examining the duration of antibiotic therapy 
against the AC. In previously conducted systematic reviews with similar thematology, the limited data 
and the heterogenous outcomes and populations did not allow the authors to perform a meta-analysis
[7,29]. Our data synthesis showed that antibiotic treatment of less than 2 or 3 d is not associated with 
significantly higher mortality rates, according to the random effects model (OR = 0.82, 95%CI: 0.18-2.95, 
I2 = 9%). Our findings agree with the conclusions of the systematic review of Haal et al[7]. The fact that 
van Lent et al[11] did not base their diagnosis on the TG07 or TG18/13, possibly because the study was 
conducted before the establishment of the diagnostic criteria, may weaken the weight of this outcome. 
Although the combination of the diagnostic criteria of van Lent (fever > 38°C + elevated bilirubin levels 
or dilated bile duct by ultrasound) theoretically covers the criteria needed for the diagnosis of AC[30], 
the authors did not provide the exact cutoff, above which the bilirubin levels are considered elevated 
and the sensitivity of ultrasound on the diagnosis of AC is limited[31,32]. This could lead to a false 
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Table 2 Quality assessment of the observational studies

Ferstl et al
[23], n = 115

Kihara and 
Yokomizo
[20], n = 112

Masuda et al
[6], n = 11

Sokal et al
[14], n = 107

Masuda et al
[17], n = 110

Akhtar et al
[18], n = 55

Haal et al
[21], n = 113

Satake et al
[8], n = 101

Doi et al
[22], n = 
114

Tagashira et 
al[13], n = 106

Uno et al
[12], n = 105

Kogure et al
[19], n = 111

Van Lent et 
al[11], n = 
104

Selection

Representativeness 
of exposed cohort

* - * - * * * * * * * * *

Selection of non-
exposed cohort

* * * * * * * * * * * * *

Ascertainment of 
exposure

* * * * * * * * * * * * *

Demonstration 
that outcome of 
interest was not 
present at start of 
study

* * * * * * * * * * * * *

Comparability

Comparability of 
the cohorts

** - ** - ** - ** ** - - ** - -

Outcome

Assessment of 
outcome

* * * * * * * * * * * * *

Was follow-up 
long enough for 
outcomes to occur?

* * * * * * * * * * * * *

Adequacy of 
follow-up cohorts

* * * * * * * * * * * * *

Overall Good Low Good Low Good Low Good Good Low Low Good Low Low

*Represents study meets a criterion in each section of the Newcastle-Ottawa scale; -Represents study meets no criterion in each section of the Newcastle-Ottawa scale.

estimation of the actual patients suffering from AC. In the studies of Doi et al[22] and Uno et al[12], who 
set higher cutoffs for the definition of short- and long-term treatments, significance in the OR of the 
mortality rates was also not reached[12,22]. The findings of Sokal et al[33] that cancer-related AC 
patients presented a higher 28-d mortality compared to patients with AC not related to malignancies, in 
combination with the fact that the patients in the two groups received an antibiotic therapy of no 
different duration, may imply that the antibiotic therapy in cancer-related AC-patients should be longer. 
This study alone can provide no evidence for this assumption.
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Concerning the rates of recurrent cholangitis, no significant differences were found between the 
study groups in all three duration cutoffs we set for our analysis. Although Uno et al[12] estimated a 
slightly higher recurrence rate in the group with > 14 d of antibiotic treatment, our synthesis with the 
study of Netinatsunton et al[16] resulted in no significantly different rates compared with the longer-
course group. Haal et al[7] and Tinusz et al[29] enforce our results that the duration of antibiotic 
treatment of AC does not seem to affect the possibility of the appearance of cholangitis recurrence. The 
increasing resistance of the usual bacteria causing AC, such as Escherichia coli, the higher rates of gram-
positive pathogens in recurrent cholangitis, and the possible lack of coverage against those bacteria in 
the initial empiric scheme provided against AC may constitute the major factors for the appearance of 
episodes of cholangitis recurrence[3,34,35]. As Tagashira et al[13] stated, inadequate initial antibiotic 
treatment could increase mortality and adverse events in bacteremic patients with AC.

Among the studies with a cutoff of 2-3 d of antibiotic treatment, Masuda et al[6] and Haal et al[21] 
presented a significantly shorter in-hospital stay for patients receiving short-term treatment compared 
to the control group of the study. However, when summarizing those two studies with the observa-
tional study of Satake et al[8], the SMD in the length of hospitalization was not significant (SMD = -0.6, 
95%CI: -2.27 to 1.07, I2 = 0%). Antibiotic treatment of less than 14 did also not seem to lead to a shorter 
hospitalization of patients compared to the control group, according to our study (SMD = -1.3, 95%CI: -
14.49 to 11.89, I2 = 96%), even though the short-course antibiotic treatment in Uno et al[12], presented a 
significantly lower hospitalization duration. However, the high heterogeneity of the studies included in 
these tests concerning this outcome (I2 = 91% and 96%, respectively) may have affected our results. Park 
et al[15] reinforced the claim that shorter antibiotic treatment may benefit the patients concerning their 
length of stay in the hospital, as no mortality cases were recorded. In every case, more studies 
examining the hospitalization length should be conducted, as the extraction of evidence that proves that 
a short-course antibiotic treatment leads to shorter hospitalizations would protect patients from 
exposure to several dangers, such as thromboembolic episodes and unwanted infections[36,37].

Our study presents several limitations which should be accounted for. First of all, as many studies 
were conducted before 2013, the choice of the participants as patients suffering from AC was not based 
on the updated TG18/13, especially in the study of van Lent et al[11]. This may alter the actual 
population we wish to study. The difference in patients’ inclusion and exclusion criteria and the 
variable severity grades of the patients included in the studies also constitute an important limitation. 
Additionally, small discrepancies are also noticed in the follow-up periods concerning the mortality and 
recurrent cholangitis in each study. These inequalities in the follow-up of the patients may lead to lost 
data which may have altered our results. Finally, significant statistical heterogeneity was detected 
among the studies selected for the quantitative analysis of the length of hospitalizations, which may 
lead to invalid conclusions.

CONCLUSION
Depending on our findings, the duration of antibiotic therapy may not significantly affect the mortality 
rate, the rate of recurrent cholangitis, and the length of hospitalization of patients suffering from AC. 
More specifically, a 2 to 3-d antibiotic treatment could be similarly effective in preventing mortality and 
recurrent cholangitis, as the 4 to 7-d therapy proposed by the TG18. However, these results are based on 
a small number of heterogeneous studies. It is vital that more primary and secondary studies are 
conducted for new recommendations with high-level evidence to be established.

ARTICLE HIGHLIGHTS
Research background
The mortality rates of acute cholangitis (AC) have significantly decreased in the last decades. The 
development of new diagnostic and therapeutic tools has contributed to this result.

Research motivation
The Tokyo Guidelines of 2018 suggest an antibiotic treatment of four to seven days in AC cases without 
gram-positive cocci. This interval between the recommended treatment days is relatively wide, and the 
recommendation provided is not based on a high level of evidence (level C).

Research objectives
The aim of this study is to investigate if shorter-course antibiotic treatments could be similarly effective 
to long-course treatments in adults with AC.
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Research methods
We conducted a systematic review and meta-analysis of the existing literature based on the recommend-
ations of the Preferred Reporting Items for Systematic Review and Meta-Analyses. Two reviewers 
(Kasparian K and Christou CD) conducted the literature research, study selection, and data collection. 
The inclusion and exclusion criteria were predefined. The data synthesis, statistical analysis, and Forest 
plot creation were conducted through the program R Studio version 1.4.1103.

Research results
Fifteen studies were included in the systematic review and eight in the final meta-analysis. Most of the 
patients were classified as Grade I (41,1%) or Grade II (54,1%), while only 4,6% of the participants 
suffered from Grade III AC. No significant differences were observed between patients receiving a 2-3 d 
antibiotic therapy and those who were treated with longer antibiotic schemata concerning the mortality 
(odds ratio = 0.78, 95% confidence interval: 0.23-2.67, I2 = 9%). In all calculations conducted, no 
differences could be detected among patients receiving shorter and longer antibiotic treatments 
concerning the rates of recurrent AC and the length of hospitalization.

Research conclusions
Short- and long-course antibiotic treatments may be similarly effective concerning the mortality and 
recurrence rates of AC.

Research perspectives
This study could constitute the occasion for the conduction of more primary and secondary studies for 
new robust recommendations with a high level of evidence to be established.
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Abstract
BACKGROUND 
Hepatitis C infection not only damages the liver but also often accompanies many 
extrahepatic manifestations. Incidences of pulmonary hypertension (PH) caused 
by hepatitis C are rare, and incidences of concurrent nephrotic syndrome and 
polymyositis are even rarer.

CASE SUMMARY 
Herein we describe the case of a 57-year-old woman who was admitted to our 
department for intermittent chest tightness upon exertion for 5 years, aggravated 
with dyspnea for 10 d. After relevant examinations she was diagnosed with PH, 
nephrotic syndrome, and polymyositis due to chronic hepatitis C infection. A 
multi-disciplinary recommendation was that the patient should be treated with 
sildenafil and macitentan in combination and methylprednisolone. During 
treatment autoimmune symptoms, liver function, hepatitis C RNA levels, and 
cardiac parameters of right heart catheterization were monitored closely. The 
patient showed significant improvement in 6-min walking distance from 100 to 
300 m at 3-mo follow-up and pulmonary artery pressure drops to 50 mmHg. 
Long-term follow-up is needed to confirm further efficacy and safety.

CONCLUSION 
Increasing evidence supports a relationship between hepatitis C infection and 
diverse extrahepatic manifestations, but it is very rare to have PH, nephrotic 
syndrome, and polymyositis in a single patient. We conducted a literature review 
on the management of several specific extrahepatic manifestations of hepatitis C.

Key Words: Hepatitis C; Nephrotic syndrome; Polymyositis; Pulmonary hypertension; 
Case report
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Core Tip: Hepatitis C virus (HCV) infection should be considered a systemic disease which is often 
associated with many extrahepatic manifestations, but it is very rare to have multiple different extrahepatic 
manifestations in a single patient. In this article, we report a case of pulmonary hypertension (PH), 
nephrotic syndrome, and polymyositis due to HCV infection. The optimal treatment strategy for hepatitis 
C-related extrahepatic manifestations remains to be determined. Our case confirms sildenafil and 
macitentan as effective treatment option for patients suffering from PH due to hepatitis C infection. 
However, randomized, controlled trials are warranted to confirm the present results.

Citation: Zhao YN, Liu GH, Wang C, Zhang YX, Yang P, Yu M. Pulmonary hypertension, nephrotic syndrome, 
and polymyositis due to hepatitis C virus infection: A case report. World J Gastroenterol 2023; 29(19): 3040-3047
URL: https://www.wjgnet.com/1007-9327/full/v29/i19/3040.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i19.3040

INTRODUCTION
Hepatitis C virus (HCV) is a sporadic and a common cause of chronic hepatitis after blood transfusion. 
In recent years various authors have described associations between hepatitis C infection and a hetero-
geneous group of non-hepatic diseases such as cryoglobulinemia, rheumatoid arthritis, Sjogren’s 
syndrome, and glomerulonephritis, which are seen as extrahepatic manifestations of chronic hepatitis C 
infection[1].

Pulmonary hypertension (PH) is defined as a mean pulmonary arterial pressure (mPAP) ≥ 20 mmHg 
at rest with right heart catheterization[2]. PH affects approximately 1% of the global population, up to 
10% of individuals aged ≥ 65 years, and at least 50% of patients with heart failure[3]. PH has several 
different causes with different management and outcomes. However, PH due to hepatitis C has rarely 
been reported. Herein we describe a case of PH, nephrotic syndrome, and polymyositis following 
chronic hepatitis C infection in a 57-year-old woman.

CASE PRESENTATION
Chief complaints
A 57-year-old Chinese woman presenting with untreated chest tightness, shortness of breath, and 
fatigue for 5 years and with dyspnea for 10 d was admitted to the China-Japan Union Hospital of Jilin 
University.

History of present illness
She had no precordial pain, orthopnea, or palpitation. She had no joint pain, dental ulcers, or rash.

History of past illness
Forty years previously she had received an intravenous blood transfusion for a right ovariectomy. 
Sixteen years previously she was diagnosed with hepatitis C, nephrotic syndrome, and hypertension, 
but did not receive standard treatment. Five years previously she developed mild PH with pulmonary 
arterial pressure of 54 mmHg measured by transthoracic echocardiography, which was not treated 
further. Three years previously she developed severe myopathy. She was diagnosed with polymyositis 
and administered methylprednisolone 40 mg once a day (QD) and cyclophosphamide 50 mg QD. She 
lapsed into intermittent coma due to hyperemic ammonia however, thus cyclophosphamide was 
discontinued, and methylprednisolone 20 mg QD was initiated and has been maintained to date.

Personal and family history
She had no family history of genetically related diseases, but her daughter had hepatitis C and had been 
treated with interferon.

Physical examination
Physical examination revealed no fever, heart rate 70 bpm, blood pressure 140/90 mmHg, O2 saturation 
94% on room air, second heart sound accentuation, and moderate edema in both lower limbs.

Laboratory examinations
Primary laboratory data on admission are shown in Table 1. The 6-min walking distance was 100 m.
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Table 1 The patient’s laboratory data at admission and at 1-mo follow-up

Parameter Value (admission) Value (month 1) References value Unit

N-terminal-pro B-type natriuretic peptide 590 0-125 pg/mL

Urea 10.02 11.6 2.5-6.1 mmol/L

Creatinine 123.4 124.9 46-92 μmol/L

Troponin < 0.01 0-0.04 ng/mL

Myoglobin 208.1 0-120 ng/mL

Creatine kinase 576.24 98.6 30-135 U/L

Creatine kinase MB isoenzyme 42.1 50.2 0-16 U/L

Lactic dehydrogenase 378.88 777.2 120-246 U/L

D-dimer 1.28 0-0.5 μg/mL

White blood cell 9.10 14.05 4-10 109/L

Platelet 140 111 125-350 109/L

Hemoglobin 119 152 110-150 g/L

Alanine aminotransferase 18.28 41.4 5-40 IU/L

Aspartate aminotransferase 15.44 16.1 8-40 IU/L

Total bilirubin 16.48 30.10 5-21 μmol/L

Direct bilirubin 3.36 7.40 0-3.4 μmol/L

Indirect bilirubin 13.12 22.70 1.6-21 μmol/L

Albumin 22.73 25.65 35-52 g/L

Total cholesterol 7.67 3.0-5.7 mmol/L

Low density lipoprotein cholesterol 3.65 < 4.13 mmol/L

High density lipoprotein cholesterol 2.86 1.29-1.55 mmol/L

Fasting blood glucose 4.44 3.9-6.1 Mmol/L

Urinary protein 4+ negative -

24-h proteinuria 416.01 0-150 mg/d

Hepatitis B surface antigen 0 < 0.05 IU/mL

Antibody to hepatitis C 6.04 < 1 S/CO

Immunodeficiency virus antigen and antibody 0.09 < 1 S/CO

Antibody to treponema pallidum 0.07 < 1 S/CO

Hepatitis C virus RNA 0 0 IU/mL

Anti-nuclear antibodies negative negative -

Anti-cyclic citrullinated peptide antibody 13.89 < 25 RU/mL

Anti-cardiolipin antibody 2.23 0-12 RU/mL

Immunoglobulin G 4.92 7.51-15.60 g/L

Immunoglobulin A 2.82 0.82-4.53 g/L

Immunoglobulin M 1.81 0.46-3.04 g/L

C3 0.58 0.79-1.52 g/L

C4 0.14 0.16-0.38 g/L

Blood ammonia 56 9-30 μmol/L

Erythrocyte sedimentation rate 22 6 0-20 mm/h
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Imaging examinations
Muscle biopsy showed striated muscle atrophy with inflammatory cell infiltration (Figure 1A). Electro-
cardiography indicated a normal sinus rhythm (Figure 1B). Transthoracic echocardiography showed 
enlargement of the left atrium (43.7 × 45.2 × 60.0), right atrium (59.8 × 39.4), and right ventricle (49.3), 
normal  left ventricular ejection fraction (71.3%), elevated pulmonary artery pressure (61 mmHg), and 
reduced diastolic function (Figure 1C-F). Chest computed tomography (CT) depicted pulmonary arterial 
hypertension, right atrium and right ventricle enlargement, and no parenchymal lung disease 
(Figure 2A-C). Pulmonary ventilation/perfusion scanning indicated no evidence of typical signs of 
thromboembolic disease (Figure 2D). Abdominal CT suggested normal liver size with a hepato-renal 
shunt and a spleno-renal shunt (Figure 2E and F). Right heart catheterization showed that mPAP was 
55.33, pulmonary artery wedge pressure (PAWP) was 24, and pulmonary vascular resistance (PVR) was 
5.13 Woods units (WU) (Table 2).

FINAL DIAGNOSIS
Based on the medical history, symptoms, and auxiliary examinations, a diagnosis of moderate PH, 
nephrotic syndrome, polymyositis, hypertension, and hepatitis C was determined.

TREATMENT
The patient was treated with sildenafil 20 mg QD, macitentan 10 mg QD, irbesartan and hydrochlo-
rothiazide 150 mg QD, furosemide 20 mg QD, and methylprednisolone 80 mg QD with the dose 
gradually reduced to 20 mg QD. Due to suspected hepatitis C-induced multiple organ injury the patient 
was referred to the gastroenterology department for further assessment of liver disease. There was no 
evidence of a liver tumor. Liver stiffness as evaluated by transient elastography was 8.3 kPa. Hepatitis C 
antibody was 6.8 S/CO, but serum tests were negative for HCV RNA. Therefore, she was not prescribed 
antiviral therapy.

OUTCOME AND FOLLOW-UP
At the 3-mo follow up the patient’s dyspnea was dramatically improved and the 6-min walking distance 
was 300 m and pulmonary artery pressure drops to 50 mmHg.

DISCUSSION
HCV infection should be considered a systemic disease which is often associated with many 
extrahepatic manifestations. According to different studies, 40%-80% of patients infected with HCV 
develop at least one extrahepatic manifestation[4]. However, PH associated with HCV is relatively rare.

PH is divided into five clinical subgroups; pulmonary arterial hypertension (PAH), PH associated 
with left heart disease, PH associated with chronic lung disease and/or hypoxia, chronic 
thromboembolic, and PH with unclear and/or multifactorial mechanisms. Pre-capillary PH is hemody-
namically defined as mPAP > 20 mmHg, PAWP ≤ 15 mmHg, and PVR > 2 WU. PAWP > 15 mmHg is 
the threshold of post-capillary PH. PVR is used to distinguish patients with post-capillary PH who have 
significant components of pre-capillary PH (PVR > 2 WU, combined with post-capillary and pre-
capillary PH; CpcPH) from those who do not (PVR ≤ 2 WU, isolated post-capillary PH)[5]. The current 
patient had no relevant family history to support a heritable cause of PH. Valvular/congenital heart 
diseases, lung diseases, chronic pulmonary artery obstruction, and human immunodeficiency virus 
infection were systemically eliminated via relevant tests. Drugs were also unlikely to have caused her 
PH. The onset of PH predated the polymyositis, and connective tissue disease could also be excluded as 
a cause of PH. Thus, the possibility remained that PH associated with portal hypertension was due to 
chronic hepatitis C.

Portal PH (PoPH) is a well-known serious complication of portal hypertension in chronic liver 
disease. According to statistics, PoPH occurs in 1%–2% of patients with liver disease and portal 
hypertension[6]. The incidence of PoPH is higher in patients with HCV-related cirrhosis. In PAH 
registry studies, PoPH patients accounted for 5%–15% of PAH patients[7-9]. Hemodynamically, patients 
with PoPH had significantly higher cardiac output and lower systemic and PVR than patients with 
idiopathic PH[10]. The diagnosis of PoPH is based on the presence of otherwise unexplained pre-
capillary PH in patients with portal hypertension or a portosystemic shunt[5]. In patients with an 
established diagnosis of PoPH, treatment should follow the same general principles as in other patients 
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Table 2 Results of right heart catheterization

Parameter Value Unit

Heart rate 76 bpm

Pulmonary arterial pressure 90/38/55.33 mmHg

Right atrium pressure 12.17 mmHg

Pulmonary artery wedge pressure 34/19/24 mmHg

Pulmonary vascular resistance 5.13 Wood units

Pulmonary vascular resistance 410.23 dyne s/cm

Cardiac output 9.53 L/min

Cardiac index 4.51 L/min/m2

Figure 1 Pathological image of muscle, electrocardiogram, and Echocardiography upon admission. A: Muscle biopsy with hematoxylin and eosin 
staining (× 100) showed inflammatory cell infiltration; B: Electrocardiography indicated a normal sinus rhythm; C: A four-chamber view showed an enlarged right 
atrium, right ventricle, and left atrium; D: A long axis view of the pulmonary artery indicated widening of that artery; E: Doppler echocardiography showed that the 
peak tricuspid regurgitation velocity was 3.4 m/s, and the tricuspid regurgitation pressure gradient was 46 mmHg; F: Bicuspid valve doppler indicated reduced 
diastolic function. RV: Right ventricular; LV: Left ventricle; RA: Right atrium; LA: Left atrium; PA: Pulmonary artery.

with PAH. PAH medications can affect gas exchange, which may deteriorate with vasodilators in 
patients with PoPH[11]. Various case series support the use of approved PAH medication in patients 
with PoPH. The survival and prognostic factors in PoPH remain controversial and are still poorly 
studied in the current era of PH management[7,12,13]. The current patient had a history of HCV 
infection, mild liver fibrosis, and hepato-renal shunt, thus the diagnosis of PoPH was considered. The 
results of right heart catheterization in the present patient were consistent with CpcPH, considering that 
there may have been other factors involved in PH, not only PoPH. The patient had a history of 
hypertension with left atrium and right atrium enlargement, and the N-terminal-pro B-type natriuretic 
peptide was elevated. Therefore, heart failure with preserved ejection fraction was involved in PH. 
Sildenafil, macitentan, diuretics, and angiotensin receptor blocker were prescribed. Short-term follow-
up indicated improvement in respiratory status and increased activity tolerance. Confirmation of 
further efficacy requires long-term follow-up.

What is intriguing in the current case is the coexistence of PH, nephrotic syndrome, and polymyositis 
in a chronic hepatitis C patient, which is reported herein for the first time to our knowledge. Increasing 
epidemiological evidence indicates an association between HCV infection and renal disease, with 
membranoproliferative glomerulonephritis and membranous nephropathy being the most common
[14]. The main clinical manifestations of nephrotic syndrome in HCV-infected patients are proteinuria 
and hypoalbuminemia, with or without a reduced glomerular filtration rate. Treatments include 
antiviral and nonspecific immunosuppressive therapy[15], but their efficacy and safety are contro-
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Figure 2 Computed tomography images and pulmonary ventilation/perfusion scan. A: Axial chest computed tomography (CT) depicted widening of 
the pulmonary artery; B: Coronal chest CT depicted right atrial and right ventricle enlargement; C: The pulmonary window showed no significant parenchymal 
pulmonary disease; D: A pulmonary ventilation/perfusion scan indicated normal perfusion function; E: An axial abdominal CT showed normal liver size, slight spleen 
enlargement, and multiple venous tortuosity; F: A coronal abdominal CT showed thickened venous shunt between the portal vein, splenic vein and left renal vein (red 
arrow).

versial. HCV infection is often associated with autoimmune diseases such as cryoglobulinemia, 
rheumatoid arthritis, Sjogren’s syndrome, systemic lupus erythematosus, dermatomyositis, and 
polymyositis[1,16-18]. Most of these diseases appear to be related to virus-induced non-specific 
activation of the immune system, including autoantibody production, cryoglobulinemia, autoimmune 
thyroid disorders, and B cell lymphomas[19]. Although most data are based on small series and case 
reports, the association between chronic HCV infection and systemic autoimmune disease has received 
increasing attention. The exact etiology is unknown, but interaction between viral infection and 
autoimmune responses is thought to be one of the mechanisms involved. Chronic HCV infection should 
be considered as the cause of polymyositis if no other etiology is found. The diagnosis and treatment of 
HCV-associated autoimmune features has become a clinical challenge in patients with HCV infection. 
There are few reports on the outcome of corticosteroid treatment in patients with chronic HCV infection. 
Several studies have described rapid progression of liver disease after immunosuppression therapy in 
patients with chronic HCV infection[20]. The current patient’s nephrotic syndrome and polymyositis 
may have been caused by chronic HCV infection via an autoimmune mechanism. The patient was 
initially treated with methylprednisolone and cyclophosphamide at the time of her polymyositis 
diagnosis. However, cyclophosphamide was discontinued and methylprednisolone was reduced 
because of her repeated episodes of abnormal behavior and coma due to hyperammonemia.

The optimal treatment strategy for hepatitis C-related extrahepatic manifestations remains to be 
determined. Due to the limited data available, more information is needed before definitive therapeutic 
recommendations can be established. The guidelines for treatment of HCV-related extrahepatic 
manifestations should be based on clinical features rather than underlying pathogenic mechanisms. 
Because of the poor prognosis and high mortality associated with these manifestations, the 
establishment of a safe and effective regimen for the therapy of HCV-related extrahepatic features 
requires further investigation.

CONCLUSION
Herein we have described a case of chronic hepatitis C with coexisting PoPH, nephrotic syndrome, and 
polymyositis. Increasing evidence supports a relationship between hepatitis C infection and diverse 
extrahepatic manifestations, but it is very rare to have multiple different extrahepatic manifestations in a 
single patient. To our knowledge, this is the first reported case. The exact mechanism by which hepatitis 
C mediated the development of diverse extrahepatic manifestations remains unclear. Further research 
on the specific mechanism involved is needed, to facilitated the development of safer and more effective 
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treatment plans.
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