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Abstract

Given the breakthroughs in key technologies, such as image recognition, deep
learning and neural networks, artificial intelligence (Al) continues to be
increasingly developed, leading to closer and deeper integration with an
increasingly data-, knowledge- and brain labor-intensive medical industry. As
society continues to advance and individuals become more aware of their health
needs, the problems associated with the aging of the population are receiving
increasing attention, and there is an urgent demand for improving medical
technology, prolonging human life and enhancing health. Digestive system
diseases are the most common clinical diseases and are characterized by complex
clinical manifestations and a general lack of obvious symptoms in the early stage.
Such diseases are very difficult to diagnose and treat. In recent years, the
incidence of diseases of the digestive system has increased. As Al applications in
the field of health care continue to be developed, Al has begun playing an
important role in the diagnosis and treatment of diseases of the digestive system.
In this paper, the application of Al in assisted diagnosis and the application and
prospects of Al in malignant and benign digestive system diseases are reviewed.

Key Words: Artificial intelligence; Digestive disease; Convolutional neural network; Deep
learning; Review
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Core Tip: With the continuous development of artificial intelligence, its integration in the field of medical
and health care has received increasing attention, allowing the development and application of medical
expert systems and artificial neural networks in the medical field. The development of artificial
intelligence has resulted in not only more accurate diagnoses of digestive system diseases but also new
treatments. Further research on the progress of artificial intelligence in digestive system diseases is needed
to better serve patients.

Citation: Chen HY, Ge P, Liu JY, Qu JL, Bao F, Xu CM, Chen HL, Shang D, Zhang GX. Artificial intelligence:
Emerging player in the diagnosis and treatment of digestive disease. World J Gastroenterol 2022; 28(20): 2152-
2162
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INTRODUCTION

Artificial intelligence (Al) is a branch of computer science[1] inspired by human intelligence that
operates in a different way. Al can be considered a set of computing techniques that allow machines to
sense, learn, reason, act, etc. Al was first used at the Dartmouth AI Conference in the summer of 1956,
which is considered the official birth of Al In the 1990s, as technology continued to improve, hardware
became more affordable, performance became more reliable, computing power, storage capacity and the
ability to process data were greatly improved, and Al returned to life. In recent years, the application of
Al in the medical field has reached an unprecedented height and scale. To date, great progress has been
achieve in the use of Al in medicine and health, including speech recognition, medical imaging,
wearable devices, risk management, pathology, etc[2].

The digestive system contains the largest number of organs in the human body and can be divided
into the digestive tract and digestive glands. The digestive tract includes the oral cavity, pharynx,
esophagus, stomach, duodenum, small intestine, large intestine, colon, etc. The digestive glands
comprise the salivary glands, liver, pancreas, etc. The digestive system digests food, takes up nutrients
and eliminates waste. The coordination of gastrointestinal physiological activities depends on the
completion of the normal physiological function of the digestive system. Digestive system diseases,
which are the most common clinical diseases, have complicated clinical manifestations, are interrelated
with each other, and form a hot spot in the medical field[3]. The incidence of digestive system diseases
is high, and often, there are no obvious symptoms in the early stage. Consequently, most digestive
diseases are first noted in the middle and late stages; at this point, the prognosis is poor. As Al
technology has continued to be developed, its strong computing power and learning ability have been
gradually applied to solve complex medical problems. In the field of digestive diseases, such as gastric,
liver, and pancreatic cancer and ulcerative colitis, Al can help improve the accuracy and sensitivity of
the diagnosis and provide treatment options (Figure 1). Al not only improves the diagnostic accuracy of
the disease but also provides a plan for clinical treatment.

In this review, we discuss Al and related technologies, their applications in digestive diseases and
their future developments. We used PubMed and Google to search for relevant articles by using the

keywords “digestive system diseases”, “artificial intelligence”, “machine learning”, “deep learning”,
oo

“computer-aided diagnosis”, “convolutional neural network”, and “endoscopy and endoscope images”
for this review.

Al AUXILIARY DIAGNOSIS

In China, the development of Al has received considerable attention, particularly in the application of
Al in the medical field. The development of Al has laid a solid foundation for precision medicine. In
2017, the China State Council announced that Al application should be promoted in the health care
system. Subsequently, hundreds of new companies dedicated to the application of medical AI have
emerged in China, promoting the development of Al in the medical field[4]. Al effectively improves the
uneven allocation of medical resources, reduces medical costs and enhances medical efficiency. Al
algorithms improve the ease of medical work and lead to not only technological innovations but also a
transformation of the medical service mode. Al is applied in all fields of medicine and health, especially
in the auxiliary diagnosis of diseases, and includes the following three aspects: intelligent guidance,
electronic health records and risk monitoring of diagnosis and treatment.
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Intelligent guidance

Outpatient triage has gradually transitioned from a traditional manual system to an internet- and
intelligence-based system. Most admitted patients lack an understanding of their disease and the
hospital. To improve the efficiency and experience of the patients, intelligent guidance systems have
been developed. Patients enter the Mini Program through screens on official hospital accounts to
describe symptoms or diseases, and guidance assistants intelligently follow up and guide the patients to
provide symptoms to accurately match departments, recommend doctors with the most consistent
professional direction, and perform online guidance registration in one step. The research and
development leading to intelligent guidance systems has led to a reduction in not only the workload of
outpatient staff but also the human resource needs and costs of hospitals. These systems can guide
patients to seek medical treatment quickly and accurately, improve the accuracy of patient registration
and the efficiency of the physician response, increase efficiency at all steps of the patient stay, and
effectively provide accurate medical treatment (Figure 2).

Electronic health record

Traditional health records are typically kept on paper, which tend to be scattered in hospital archives,
limiting their value. The widespread use of the internet has facilitated the creation of electronic health
records (EHRs), which are currently widely used worldwide[5]. EHRs can improve management
processes, overcome problems with paper documentation, and ensure the quality of treatment. Both
theoretically and practically, EHRs have guiding and economic value, while their applicative value
continues to improve. In addition, EHRs can improve clinical decision-making, collaboration between
health care teams, and medical efficiency.

Risk monitoring of diagnosis and treatment

Diagnostic risk monitoring systems can improve the diagnostic accuracy and greatly reduce the risk of
misdiagnosis, and in this regard, Al has significant advantages over clinical experience. Compared with
the United States, domestic equipment is used much more frequently under the same resource
allocation[6]. This is the main point of medical care in China. Additionally, the large associated
workload and high repeatability result in a cumbersome manual analysis and diagnosis. An accurate
diagnosis rate is important for ensuring that radiologists can provide high-quality care to patients. A
report in 1999 showed that 98000 people die of misdiagnosis each year, and diagnostic errors by
radiologists are a key contributor[7]. Under a heavy workload, the diagnosis results can only be judged
and analyzed by subjective individual experience, leading to high misdiagnosis and missed diagnosis
rates. The large market demand for pathologists and diagnostic efficiency have also led to new
challenges in the medical service industry. However, digestive system diseases increasingly depend on
auxiliary diagnoses based on medical images while continuing to demonstrate a yearly increase in

https:/ /www.wjgnet.com 2154 May 28,2022 | Volume?28 | Issue20 |
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Figure 2 Artificial intelligence and Intelligent guidance. CNN: Convolutional neural network; DL: Deep learning; ML: machine learning; CAD: Computer-

aided design.
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incidence.

The emergence of Al has led to its gradual use in digestive diseases. Machine learning (ML) is a
branch of Al that aims to predict results by analyzing existing data and performing calculations based
on an understanding of these data. Deep learning (DL) is a relatively new branch of ML that imitates
learning through machine algorithms and provides a set of possible and reasonable solutions[8,9]. In
esophageal cancer, van der Sommen et al[10] developed an automatic algorithm to distinguish early
neoplastic lesions. Huang et al[11] used 84 images from 30 patients to train an Al-based neural network
model to predict Helicobacter pylori infection. DL can be used to share more comprehensive medical
diagnosis and treatment information with doctors with lightweight methods. At a higher level, we can
comprehensively manage and guide the overall diagnosis and treatment level of the physician team to
build a more scientific, accurate and friendly diagnosis and treatment risk monitoring system.

MALIGNANT DIGESTIVE DISEASES

The digestive system is a common site for malignant tumors, particularly gastric cancer, liver cancer,
colorectal cancer and pancreatic cancer. Given the changes in lifestyle, diet and disease spectrum of the
population, the incidence of malignant tumors of the digestive system continues to rise[12]. The early
diagnosis of malignant tumors is critical for treatment, but patients with malignant tumors often have
no obvious symptoms at the early stage, leading to difficulties in early diagnosis. This section
summarizes the application of Al in the following three types of malignant tumors with high morbidity
and mortality: gastric, liver and pancreatic cancer. The latest clinical studies concerning Al, gastric
cancer, liver cancer, and pancreatic ductal adenocarcinoma are summarized in Table 1.
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Table 1 Recent researches on artificial intelligence in malignant digestive system diseases

! Stud . . Number of
Ref. Study design y . Year  Disease = Country/Region Methods  Results
population cases
Tang et al[43] Retrospective Hospital 2020 GC China 45240 DCNN Accuracy: 85.1%-
Images 91.2%; Sensitivity:
85.9%-95.5%;
Specificity: 81.7%-
90.3%; AUC: 0.887-
0.940
Zhang et al[49]  Retrospective Hospital 2020 GC China 21,217 CNN Accuracy: 78.7%
Images
Nagao et al[50]  Retrospective Hospital 2020 GC Japan 16557 images CNN Accuracy: WLI
(94.5%); Accuracy:
NBI (94.3%);
Accuracy: Indigo
(95.5%)
Song et al[51] Retrospective Hospital 2020 GC China 3212 Images DL Accuracy: 0.873;
Sensitivity: 0.996;
Specificity: 0.843;
AUC: 0.986
Ma et al[52] Retrospective Hospital 2020 GC China 763 Images ~ CNN Accuracy: 98.4%;
Specificity: 98.9%;
Sensitivity: 98.0%;
Zhen et al[17] Retrospective Hospital 2020 LC China 31608 CNN AUC: 0.946
Images
Giordano etal ~ Retrospective Hospital 2020 LC Italy 167 Cases SVM, RF Accuracy: Exceeded
[53] 94%
Jeong et al[54] Retrospective Cancer Institute 2020 LC China 1421 Cases DL AUC: 0.84
Appelbaum et  Retrospective Hospital 2020 PDAC America 594 Cases LR AUC: 0.71
al[31]
Marya et al[44]  Retrospective Hospital 2020 PDAC America 1174461 EUS EUS-CNN  Sensitivity: 99%;
Images Specificity: 98%
Tonozuka etal ~ Retrospective Hospital 2020 PDAC Japan 920 Cases EUS-CAD AUC: 0.94
[55]

GC: Gastric cancer; LC: Liver cancer; PDAC: Pancreatic ductal adenocarcinoma; DCNN: Deep convolutional neural network; CNN: Convolutional neural
network; DL: Deep learning; SVM: Support vector machine; RF: Random forest; LR: Logistic regression; EUS-CNN: Endoscopic ultrasound convolutional
neural network; EUS-CAD: Computer-assisted diagnosis system using deep learning analysis of EUS images; AUC: area under the curve; WLI: White-light
imaging; NBI: Nonmagnifying narrow-band imaging.

Al and gastric cancer
Gastric cancer (GC) is the fifth most common cancer and ranks third in cancer mortality worldwide,
with more than 1 million new cases and 780000 deaths each year[13]. The stage at which GC is
diagnosed can greatly affect the prognosis, with a poor prognosis typical in the late stage and a 5-year
survival rate of early GC (EGC) exceeding 90%[14]. There are two difficulties in the early diagnosis of
GC. First, EGC is difficult to detect, often presenting with slight reddish bulges or depressions under
endoscopy that are not easily distinguished from inflammatory lesions. The second difficulty lies in
judging the depth of the invasion of GC. In general, intramucosal GC or GC invading the superficial
submucosal layer should be resected endoscopically, while GC invading the deep submucosal layer
should be resected with open surgery; otherwise, there could be a risk of lymph node and distant
metastasis. However, it is difficult to distinguish among these three forms of GC. The rapid
development of DL and ML has led to great progress in Al, whose image recognition has transcended
that of humans. By reviewing the published literature, this section discusses the diagnosis, treatment
and prognosis of GC with AL

Hirasawa et al[15] constructed a diagnostic system based on a convolutional neural network (CNN).
The authors used 13584 endoscopic images to train the web-based learning model and 2296 GC images
from 69 patients to evaluate its performance. The model took 47 s to analyze 2296 images and correctly
diagnosed 77 GC lesions with a total sensitivity of 92%. This web-based learning model for the detection
of EGC processes a large number of stored endoscopic images with clinical-related diagnostic
capabilities in a very short time and may play a role in real-time gastroscopy[15].
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Kubota et al[16] used a back propagation neural network algorithm to analyze the depth of gastric
wall infiltration in endoscopic images of 344 GC patients and developed a computer-aided design
(CAD) system. The cross-validation results revealed that the diagnostic accuracy of T1, T2, T3 and T4
GC was 77%, 49%, 51% and 55%, respectively. The accuracy in detecting intramucosal carcinoma (T1a)
and submucosal invasive carcinoma (T1b) is 69%[16]. This study may be used to screen for EGC in the
near future.

Al and liver cancer

Liver cancer (LC) is the second leading cause of death worldwide, and its incidence continues to
increase[17]. In recent years, Al has been used in various aspects of LC diagnosis and treatment,
especially in the field of imaging. However, individual differences in liver morphology and the internal
anatomy and the highly heterogeneous molecular and pathological features of LC lead to great
challenges in the implementation of AI, ML and DL for the diagnosis and treatment of this disease[18].

The following two modes of Al application are commonly used in the diagnosis of LC: DL and
radiomics. Imaging plays a key role in the identification and diagnosis of hepatobiliary diseases and the
establishment of surgical treatment plans. Radiologists and surgeons demarcate organs and diagnose
diseases based on their experience and judgment, which can be subjective, time consuming and
unreproducible; Al can address these limitations. DL is mainly used for the diagnosis of LC via
traditional machine learning (TML) and CNNs. In TML, a well-developed anatomical model must be
established in advance and manually corrected in the later stages[19], while the application of CNNs
allows images to be directly used in the learning process, allowing the extraction and utilization of all
information contained in the image for DL[20]. Shaw Hospital of Zhejiang University developed a DL
system for liver tumor diagnosis through a CNN. In addition to learning more than 30000 magnetic
resonance (MR) images, the system incorporates patient clinical data (medical records, examination
results, etc.) and demonstrates excellent diagnostic performance with a coincidence rate with a final
pathological result of 92%[17].

The application of Al in the treatment of LC has led to new opportunities and challenges, promoting
the standardization and intelligence of LC management. Hu et al[21] used 3D visualization to evaluate
the spatial relationship between tumors and surrounding blood vessels before hepatectomy, which
serves as a suitable guide for surgical resection. In the treatment of LC by radiofrequency ablation,
fusion imaging can integrate enhanced computed tomography (CT)/MR images with real-time
ultrasound imaging by electromagnetic tracking to accurately locate the target lesions[22-24]. Al has
been applied to all aspects of LC treatment and auxiliary diagnosis, but further prospective research is
needed.

Al and pancreatic ductal adenocarcinoma

Pancreatic ductal adenocarcinoma (PDAC) is a rapidly progressive and highly malignant tumor of the
digestive tract[25]. Although many methods have been developed for the diagnosis and treatment of
PDAC in recent years, the effective rate of treatment and prognosis remain poor (the 5-year survival rate
is only 9%[26]). The early detection and accurate treatment of PDAC are important directions requiring
urgent solutions.

Recently, rapid developments have been achieved in the Al-based screening and diagnosis of PDAC,
leading to acceptable effects. Ansari et al[27] applied artificial neural networks (ANNSs) to a long-term
survival prediction of patients after radical surgery for PDAC for the first time and achieved a
consistency index of 0.79, indicating that their ANN could predict the survival rate of PDAC patients
after radical surgery. Fine needle aspiration (FNA) biopsy is an elaborate approach used to diagnose
solid masses of the pancreas. Due to the small number of cases, its development is limited. Momeni-
Boroujeni et al[28] used a multilayer-perceptron neural network (MNN) to evaluate 277 cell mass images
from 75 pancreatic FNA patients and achieved an accuracy of 100% in the classification of benign and
malignant tumors. In particular, the sensitivity and specificity of MNN in identifying atypical cases
were 80% and 75%, respectively. Intraductal papillary mucinous neoplasm (IPMN), a papillary
mucinous tumor with many subtypes, has particular malignant potential. Endoscopic ultrasonography
(EUS) can reveal the structure of the pancreas and the dilation of the pancreatic duct and can be used to
evaluate the degree of malignancy of IPMN. Indeed, Kuwahara et al[29] used Al to build a system to
perform this function. The authors uploaded 3970 EUS images of 50 patients to the system for DL
analysis. The endpoint of their system was the accuracy in diagnosing the malignancy degree of IPMNs
by AL The results showed that the Al system had significantly better value in diagnosing malignant
IPMNs than benign IPMNs, with an area under the receiver operating characteristic curve of 0.91 in
diagnosing malignant IPMNs. In addition, a three-dimensional depth supervised segmentation network
has been developed to classify CT images from PDAC patients and control groups. Chu et al[30]
standardized the number of cases, the sizes of the segmented images, and the selection of organs and
then segmented the boundaries of the abdominal organs and pancreatic tumors in 575 control subjects
and 750 patients with PDAC. The results showed that the sensitivity and specificity of the algorithm in
detecting PDAC in patients were 94.1% and 98.5%, respectively. The early diagnosis of PDAC is a
problem that many physicians find difficult. Appelbaum et al[31] developed a risk model for the
prediction of PDAC based on patient EHRs that could identify high-risk groups one year in advance,

WJG | https://www.wjgnet.com 2157 May 28,2022 | Volume?28 | Issue20 |



Chen HY et al. Al in digestive diseases

Jaishideng®

suggesting that their risk scores could also be used as an initial filter for PDAC.

BENIGN DIGESTIVE DISEASES

In addition to gastric cancer, liver cancer and other malignant tumors, other digestive system diseases
include ulcerative colitis, pancreatitis, gastric ulcer, gastritis, intestinal polyp and other benign digestive
system diseases. We summarize the application of Al for the benign digestive system diseases discussed
below. The latest applications of Al in ulcerative colitis, severe acute pancreatitis, gastric ulcers, gastritis
and intestinal polyps are summarized in Table 2.

Al and ulcerative colitis

Ulcerative colitis (UC) is a common chronic intestinal disease; however, there is no single gold standard
for the diagnosis of this disease. Combining clinical, laboratory, imaging, endoscopic and histopatho-
logical findings, the diagnosis is made by excluding infectious and other noninfectious forms of colitis
[32]. Endoscopy is essential, but the accuracy and precision of the diagnosis are limited by doctors’
subjectivity. Yao et al[33] established a fully automatic endoscopic disease grading video analysis system
through Al These authors used a CNN to train models to predict the amount of information in still
images and, thus, determine the severity of the disease. Then, the authors examined 51 and 264 videos
from developed high-resolution and multicenter clinical trial test sets, respectively. The results showed
that the static image information classification system had good performance, with a sensitivity of 0.902
and specificity of 0.870. For the high-resolution videos, the fully automated methods correctly predicted
the Mayo endoscopic score (MES) in 78%. The automated MES grading of the clinical trial videos (often
low resolution) correctly distinguished remitted vs active disease in 83.7%. To analyze endoscopic
images of UC more accurately, Takenaka et al[34] developed a deep neural network system and tested
40758 colonoscopy images and 6885 biopsy results from 2012 UC patients. The results identified
endoscopic remission with 90.1% accuracy and histologic remission with 92.9% accuracy. In addition,
Maeda et al[35] developed a CAD system to predict persistent histologic inflammation using endocyt-
oscopy and evaluated its accuracy using 12900 endocytoscopy images. The results showed that the CAD
system provided a diagnostic sensitivity, specificity, and accuracy of 74%, 97% and 91%, respectively. In
recent years, great progress has been achieved in the treatment of UC, but surgery remains important
[36]. These results show that Al has great potential in the diagnosis and treatment of UC.

Al and pancreatitis

Acute pancreatitis (AP) is a common clinical acute abdomen disease with a complex and variable
presentation. Severe AP (SAP) is often life threatening, with multiple organ dysfunction induced by
SAP being a particularly difficult clinical problem[37]. Qiu et al[38] developed three ML algorithms to
predict the risk of organ failure in moderate SAP (MSAP) and SAP. These authors inputted 16
parameters from 263 patients with MSAP and SAP into a support vector machine (SVM), logical
regression analysis (LRA) and ANN models. The results showed that the SVM, LRA and ANN models
could effectively predict the risk of multiorgan failure in MSAP and SAP. Respiratory failure is the main
cause of early death in SAP. The early prediction of acute lung injury (ALI) is beneficial for reducing
mortality from SAP. The ANN model established by Fei et al[39] can effectively predict the occurrence of
ALI induced by SAP, with the accuracy of predicting severe acute respiratory distress syndrome
reaching 82.8%. Abdominal infection is an important risk factor for organ failure induced by SAP.
Compared with logistic regression analyses, the ANN model developed by Qiu et al[40] can more
accurately predict abdominal infection in MSAP and SAP, with a sensitivity and specificity of 80.99%
and 89.44%, respectively. Fei et al[41] constructed and verified an ANN model based on clinical and
laboratory data from 72 patients with AP. Notably, the sensitivity, specificity, positive predictive value
and negative predictive value of the ANN model for portosplenomesenteric venous thrombosis
(PSMVT) were 80%, 85.7%, 77.6% and 90.7%, respectively. Thus, this model provides a good reference
for the clinical prediction of the occurrence of PSMVT. The recurrence rate after the first attack of AP is
approximately 22%, but few indicators can predict this recurrence. Chen et al[42] developed a
quantitative radiology model based on contrast-enhanced CT. The results of the verification analysis
showed that the model can predict the recurrence of AP well in the main and verification populations,
with accuracies of 87.1% and 89.0%, respectively. This finding suggests that their model may be a good
quantitative method for the prediction of recurrence in patients with AP. Chronic pancreatitis (CP),
which is another common clinical digestive system disease, is an important factor in inducing pancreatic
cancer. Although traditional pancreaticoduodenectomy, distal pancreatectomy, and the Frey and Beger
procedures have achieved considerable success in relieving CP pain, the approaches are often
accompanied by serious complications. Therefore, minimally invasive surgery and robot platforms are
gradually being applied in the surgical treatment of CP. A retrospective study based on 812 cases of
robotic pancreatectomy and reconstruction showed that the robotic platform is safe and feasible in
performing complex pancreatectomy to alleviate the sequelae of CP[43]. Autoimmune pancreatitis (AIP)
is a rare and special type of chronic pancreatitis, and its diagnosis is clinically challenging. Marya et al
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Table 2 Recent researches on artificial intelligence in benign digestive system diseases

. Stud . . Number of
Ref. Study design y . Year  Disease Country/Region Methods  Results
population cases

Maeda et al[35] Retrospective Hospital 2019 ucC Japan 12900 Images CAD Sensitivity: 74%;
Specificity: 97%;
Accuracy: 91%

Popa et al[56]  Retrospective Hospital 2020 ucC Romania 55 Cases ML Accuracy: 90%;
AUC: 0.92

Tong et al[57]  Retrospective Hospital 2020 ucC China 6399 Cases RF, CNN Sensitivity: RF
(0.89); Sensitivity:
CNN (0.90)

Qiu et al[38] Retrospective Hospital 2019 SAP China 263 Cases ANN Sensitivity: 80.99%;
Specificity: 89.44%

Chenet al[42]  Retrospective Hospital 2019 SAP China 389 Cases LR Accuracy: 87.1%

Namikawa et Retrospective Hospital 2020 Gastric ulcer ~ Japan 720 Images A-CNN Sensitivity: 93.3%;

al[45] Specificity: 99.0%;
PPV:99.1%

Steinbuss etal ~ Retrospective Hospital 2020 Gastritis Germany 1230 Images CNN Accuracy: 84%;

[46] Sensitivity: 100%;
Specificity: 93%

Ozawa et al[47] Retrospective Hospital 2020 Colorectal Japan 16418 Images CNN Sensitivity: 92%;

polyps PPV: 86%

UC: Ulcerative colitis; SAP: Severe acute pancreatitis; CAD: Computer-aided diagnosis; ML: Machine learning; RF: Random forest; CNN: Convolutional
neural network; ANN: Artificial neural networks; LR: Logistic regression; A-CNN: Advanced convolutional neural network; AUC: Area under the curve;
PPV: Positive predictive value.

[44] developed and validated a CNN model based on a database containing 174461 EUS images and
videos from 583 patients. After training, the model could accurately distinguish AIP from PDAC and
other benign pancreatic diseases with a sensitivity and specificity of 90% and 85%, respectively.

Al and other diseases

Al has been used in numerous applications for other diseases, such as gastric ulcers, gastritis and
colorectal polyps. Namikawa ef al[45] developed an advanced CNN (A-CNN) based on the original
convolutional neural network and evaluated its applicability in the classification of gastric ulcers. These
authors used 720 images from 120 patients with gastric ulcers to evaluate the diagnostic performance of
the A-CNN. The results showed that the sensitivity, specificity, and positive predictive value of the A-
CNN in classifying gastric ulcers were 93.3%, 99.0%, and 99.1%, respectively. There are several subtypes
of gastritis, including autoimmune, bacterial, and chemical. Steinbuss et al[46] evaluated the ability of a
CNN to classify the common gastritis subtypes using a small data set of 1230 gastric antrum and corpus
biopsy images. The results showed that the overall accuracy in the test set was 84%, and the sensitivity
and specificity for bacterial gastritis were 100% and 93%, respectively. Ozawa et al[47] constructed a
deep CNN architecture and trained the CNN using 16418 images from 4752 colorectal polyps and 4013
normal colorectal images. Then, the performance of the trained CNN was verified with 7077 additional
colonoscopy images. The results showed that the sensitivity of the CNN was 92%, and the positive
predictive value was 86%, proving that it has excellent potential as a colonoscopy CP-diagnosis support
system based on Al

CONCLUSION

With the steady development of AI and its heavy integration in the medical industry, AI has received
increasing attention in the fields of medicine and health. Digestive system Al technology differs from
other AI technologies because of the nonstandard nature of most digestive endoscopic images and the
large number of influencing factors, resulting in difficulty in developing such technology. Currently, Al
plays an important role in digestive system diseases, particularly in its gradual application in diagnosis
and treatment in the clinic. Al has broad prospects in the field of medicine and health, but the
cooperation of medical workers and computer experts is needed to develop more intelligent applic-
ations and higher-quality services for patients. In summary, as an emerging player, AI will continue to
play an increasingly important role in future development. The close combination of Al and medicine
can address problems, such as the insufficient supply and uneven distribution of medical resources and
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low degree of medical efficiency. More in-depth research should be performed to investigate the
application of Al in digestive system diseases from various perspectives to obtain additional diagnosis
and treatment measures, promote diagnosis, optimize treatment, improve patient prognosis, and
gradually achieve intelligent and accurate medical treatment.
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Abstract

Pancreatic neuroendocrine neoplasms (PanNENSs) are rare neoplasms with strong
heterogeneity that have experienced an increasing incidence rate in recent years.
For patients with locally advanced or distant metastatic PanNENs, systemic
treatment options vary due to the different differentiations, grades and stages.
The available options for systemic therapy include somatostatin analogs, mole-
cularly targeted agents, cytotoxic chemotherapeutic agents, immune checkpoint
inhibitors, and peptide receptor radionuclide therapy. In addition, the
development of novel molecularly targeted agents is currently in progress. The
sequence of selection between different chemotherapy regimens has been of great
interest, and resistance to chemotherapeutic agents is the major limitation in their
clinical application. Novel agents and high-level clinical evidence continue to
emerge in the field of antiangiogenic agents. Peptide receptor radionuclide
therapy is increasingly employed for the treatment of advanced neuroendocrine
tumors, and greater therapeutic efficacy may be achieved by emerging radio-
labeled peptides. Since immune checkpoint inhibitor monotherapies for PanNENs
appear to have limited antitumor activity, dual immune checkpoint inhibitor
therapies or combinations of antiangiogenic therapies and immune checkpoint
inhibitors have been applied in the clinic to improve clinical efficacy. Combining
the use of a variety of agents with different mechanisms of action provides new
possibilities for clinical treatments. In the future, the study of systemic therapies
will continue to focus on the screening of the optimal benefit population and the
selection of the best treatment sequence strategy with the aim of truly achieving
individualized precise treatment of PanNENSs.
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Medical treatment; Peptide receptor radionuclide therapy; Advances
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Core Tip: Pancreatic neuroendocrine neoplasms (PanNENSs) are rare neoplasms with strong heterogeneity.
The systemic treatment options of advanced PanNENs vary due to the different differentiations, grades
and stages and include somatostatin analogs, molecularly targeted agents, cytotoxic chemotherapeutic
agents, immune checkpoint inhibitors, and peptide receptor radionuclide therapy. Despite the multiple
systemic therapeutic options for PanNENs, problems such as drug resistance, adverse side effects and
limited scope of application still exist. Thus, we review the clinical development of medical treatment
options, focusing on ongoing clinical studies and the development of novel targeted drugs, to provide a
reference for clinicians and researchers.
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INTRODUCTION

Neuroendocrine neoplasms (NENs) are a group of rare neoplasms originating from neuroendocrine
cells. However, with the development of diagnostic techniques and improvements in the clinical
understanding of these tumors, the incidence is increasing yearly. Based on the United States
Surveillance, Epidemiology, and End Results database, the age-adjusted incidence of NENs has
increased nearly 6.4-fold from 1.09 per 100000 persons in 1973 to 6.98 per 100000 in 2012. The pancreas
(0.84 per 100000 persons) is one of the most common primary sites of NENs, ranked after the lung, small
intestine, and rectum[1]. In countries such as China and India, pancreatic NENs (PanNETs) are the most
common gastroenteropancreatic neuroendocrine tumors (GEP-NETs) and have the highest morbidity
[2].

PanNENSs are highly heterogeneous neoplasms that appear as various clinical manifestations and
biological behaviors. PanNENSs can be classified as nonfunctional PanNENs (60%-90%) or functional
PanNETs based on the absence or presence of symptoms associated with the overproduction of specific
hormones, respectively[3]. The most common functional PanNETs are gastrinomas and insulinomas;
less frequent are glucagonomas, somatostatinomas, vasoactive intestinal polypeptide-secreting tumors,
and adrenocorticotropic hormone-secreting tumors[4-7]. The majority of PanNETs are sporadic,
although PanNETs can occur as part of hereditary multiple tumor syndromes, such as multiple
endocrine neoplasia type 1 and von Hippel-Lindau (VHL) disease[8]. PanNENSs are classified into three
main histological categories according to the 2019 World Health Organization Classification of Tumors
of the Digestive System (5" edition): well-differentiated neuroendocrine tumors (NETs), poorly differen-
tiated neuroendocrine carcinomas (NECs), and mixed neuroendocrine-non-neuroendocrine neoplasms.
NETs are further classified into three grades (G1, G2, and G3) according to their mitotic rate (mitoses/2
mm?) and Ki-67 proliferation index[9]. PanNENSs clinical staging is currently based on the eighth edition
of the American Joint Committee on Cancer tumor node metastasis (TNM) staging system. Well-differ-
entiated PanNETs are staged by PanNENs TNMs, whereas poorly differentiated PanNECs are staged
according to the TNM staging of pancreatic cancer[10].

Therapeutic strategies vary due to the different grades and stages of PanNENs. Radical surgery is the
primary treatment option for patients with locally resectable PanNENs; however, 40%-50% of NENs
present with distant metastases at the time of initial diagnosis, limiting the opportunity for surgical
resection. Moreover, many patients with resected PanNENs will develop recurrence with distant
metastases[11,12]. Systemic therapeutic options for patients with locally advanced or distant metastatic
PanNENSs involve somatostatin analogs (SSAs), molecularly targeted agents, cytotoxic chemothera-
peutic agents, immune checkpoint inhibitors, and peptide receptor radionuclide therapy (PRRT)

Figure 1).

( %he th)erapeutic goals for patients with locally unresectable and metastatic PanNENSs include both
hormone control and anti-tumor therapy. The scope of this article does not include medical treatments
for the control of functional PanNENs hormone-related symptoms, but rather focuses on anti-tumor
therapy. Despite the multiple systemic therapeutic options for PanNENs, problems such as drug
resistance, adverse side effects and limited scope of application still exist, and clinical needs have not
been met. Thus, conquering drug resistance, expanding the scope of application and developing new
clinical drugs have been the main focus of researchers in recent decades. This article reviews the clinical
development of existing drugs, focusing on ongoing clinical studies and the development of novel
targeted drugs, to provide a reference for addressing the current clinical treatment dilemma and the
future direction of PanNENs drug research.
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Figure 1 History and key events in the development of pancreatic neuroendocrine neoplasms systemic therapy. PRRT: Peptide receptor
radionuclide therapy; SSAs: Somatostatin analogs; PD-L1: Programmed cell death-ligand 1 inhibitor; PD-1: Programmed cell death-1 inhibitor; CTLA-4: Cytotoxic T-
lymphocyte antigen 4 inhibitor; STZ: Streptozotocin; CAPTEM: Capecitabine and temozolomide regimen; PROMID[13], NCT00171873; CLARINET[14],
NCT00353496; SUN.III[15], NCT00428597; RADIANT-3[16], NCT00510068; SANET-P[17], NCT02589821; NETTER-1[18], NCT01578239.
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ADVANCES IN CHEMOTHERAPY

Systemic treatment with chemotherapy is one of the main therapies for advanced PanNENs.
Appropriate chemotherapy regimens are delivered according to pathological classification and grades,
mainly including temozolomide-based combination regimens and platinum-based regimens. Among
them, temozolomide-based combination chemotherapy (CAPTEM and STEM) regimens can be used for
the first-line treatment of patients with advanced PanNETs G2/G3[19-21] and for the second-line
treatment of patients with PanNECs[22,23]. The synergistic effect of capecitabine in combination with
temozolomide chemotherapy may be due to its ability to deplete O6-methylguanine DNA methyltrans-
ferase (MGMT) levels in tumor cells, thereby enhancing the alkylating effect of temozolomide[24]. The
association between MGMT expression status and temozolomide efficacy has been demonstrated in
other tumor types, and several studies in NENs have suggested that MGMT promoter methylation or
low protein expression correlates better with a favorable therapeutic response to temozolomide and that
MGMT status can be used as a biological indicator of the response to alkylating agent treatment in
NENSs[25,26]. However, because most of the current studies on the relationship between MGMT status
and temozolomide efficacy are small-sample, retrospective studies, there is some controversy. A
prospective study (NCT03217097) of the relationship between MGMT status and temozolomide efficacy
in NETs is underway in which patients with advanced NETs have been divided into two groups
according to whether they have MGMT methylation and are receiving temozolomide or oxaliplatin-
based chemotherapy at a 1:1 (unmethylated group) and 2:1 (methylated group) ratio, respectively. ORR
was used as the primary outcome indicator[27]. Additional prospective studies (NCT02698410,
NCT01824875, NCT(01525082) have evaluated MGMT status as a secondary outcome.

In clinical practice, drug resistance is one of the major obstacles to the effective treatment of temozo-
lomide-based chemotherapy in PanNENSs. Current studies on temozolomide resistance mechanisms are
mainly conducted in the field of glioma. In addition to the overexpression of MGMT, the overexpression
of the base excision repair (BER) pathway, alteration of autophagy, and activation of the phosphoin-
ositide 3-kinase/protein kinase B/mammalian target of rapamycin (PI3K/AKT/mTOR) pathway
contribute to acquired temozolomide resistance[28]. Wu et al[29] found enhanced temozolomide
sensitivity in a preclinical study of glioblastoma multiforme (GBM) that poly (ADP-ribose) polymerase
(PARP) inhibitors, particularly in MGMT-unmethylated GBM, and this effect may be mediated by
inhibition of MGMT-mediated repair by abolishing MGMT function and inhibition of BER-mediated
repair (Figure 2). Therefore, the combination of PARP inhibitors and temozolomide may be one solution
for overcoming temozolomide resistance, and clinical trials applying this combination regimen in
patients with small-cell lung cancer have yielded good clinical results[30]. A phase II clinical trial
(NCT04394858) is currently evaluating the efficacy of single-agent temozolomide vs the combination of
temozolomide and olaparib in patients with advanced pheochromocytoma and paraganglioma;
however, no clinical trials of temozolomide in combination with PARP inhibitors for PanNENs have
been conducted. Temozolomide resistance has also been observed to be associated with activation of the
PI3K/AKT/mTOR pathway, and inhibition of the PI3K/AKT/mTOR pathway sensitizes tumor cells to
apoptosis upon temozolomide treatment[31]. In a prospective phase II clinical trial, temozolomide in
combination with everolimus as second-line therapy for advanced PanNETs resulted in an ORR of 40%
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and a median PFS of 15.4 mo, with no synergistic toxicity observed[32].

The most frequent chemotherapy schemes in advanced PanNECs are platinum-based (EP, EC)
regimens for first-line therapy and FOLFOX, FOLFIRI, or CAPTEM regimens for second-line therapy
[19,33,34]. For other options of first-line treatment regimens for PanNECs, a prospective study
(NCT04325425) is evaluating the mFOLFIRINOX regimen vs the EP/EC regimen for advanced gastroen-
teropancreatic neuroendocrine carcinomas (GEP-NECs) as first-line therapy. Another study
(NCT03387592) is evaluating the efficiency of the CAPTEM regimen vs the FOLFIRI regimen as second-
line therapy for advanced NECs. These prospective clinical studies provide additional treatment options
for patients with advanced PanNECs and high-level evidence for clinical decision-making.

ADVANCES IN SOMATOSTATIN ANALOGS

SSAs, with their antisecretory and antiproliferative effects, are some of the most common first-line
treatments for patients with advanced PanNENs and can be used to control hormonal symptoms in
patients with functional PanNETs[35] and for patients with advanced nonfunctional PanNENSs to play
an antiproliferative role. SSAs are primary treatment options for patients with PanNETs-G1/G2, Ki-67 <
10%, SSTR-positive, and slow-growing tumors[11-14,19,36]. The most widely used clinical SSAs include
octreotide LAR and lanreotide autogel, both of which bind primarily to SSTR2 and SSTR5.

Several investigators have also evaluated the efficacy of SSAs in exerting antitumor effects in
PanNENs with Ki-67 > 10%. A multicenter retrospective study included advanced, well-differentiated
PanNETs with Ki-67 of 10%-35% receiving first-line, long-acting SSAs and observed that SSAs still exert
antiproliferative activity against PanNETs with Ki-67 > 10% but have limited effect in PanNETs with
high grade (G3) and hepatic tumor load > 25%[37].
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In clinical practice, using SSAs at nonconventional high doses (increased administered dose or
reduced administration interval) is a common empirical option in patients with progression PanNETs
on a standard SSA first-line treatment[38]. A multicenter retrospective study of nonconventional doses
of SSAs for GEP-NETs showed that in well-differentiated G1/G2 GEP-NETs, the overall median PFS
was 31 mo with high-dose SSA (HD-SSA) therapy after progression on a standard SSA therapy,
suggesting that HD-SSAs are active and safe treatment options in patients with progressive well-differ-
entiated GEP-NETs[39]. A prospective single-arm phase II study (NCT02651987) assessed the efficacy of
increasing the dose frequency of 120 mg lanreotide autogel (LAN) in 48 patients with progressive
G1/G2 PanNETs and showed that 120 mg LAN every 14 d in PanNETs (progressive on standard 120
mg LAN every 28 d) produced promising PFS and DCR, especially in patients with Ki-67 < 10%[40].

In addition, SSAs in combination with other agents (chemotherapy agents, antiangiogenic therapies,
everolimus, immune checkpoint inhibitors, etc.) are also frequent second-line treatment options in real-
world studies[41]. SSA combination therapy may have better efficacy in well-differentiated PanNETs
with Ki-67 > 10% or high tumor burden, and a prospective multicenter phase II clinical study
(NCT02231762) evaluating the efficacy of the combination of LAN and temozolomide in patients with
advanced GEP-NETs is being conducted.

The efficacy of SSAs is correlated with the expression of somatostatin receptors on the tumor cell
surface[38]. DNA methyltransferase inhibitors and histone deacetylase inhibitors were observed to
upregulate SSTR2 expression in NET cell lines in some preclinical studies and could potentially be an
option for overcoming SSA resistance, but the lack of progress in clinical studies requires further
validation[42,43]. In clinical management, it is essential to identify the population favorable for SSA
therapy, and SSAs in combination with other agents are expected to be synergistic in patients with
higher grade, higher tumor load, and SSTR-positive PanNETs.

ADVANCES IN TARGETED THERAPIES

The targeted therapies currently used in PanNETs mainly include mammalian target of rapamycin
(mTOR) inhibitors and antiangiogenic agents. FDA-approved target agents for the treatment of
PanNENSs include everolimus (mTOR inhibitor) and sunitinib (tyrosine kinase inhibitor)[12,19], and the
recommendation of surufatinib (tyrosine kinase inhibitor) has been added to the Chinese guidelines for
the diagnosis and treatment of pancreatic neuroendocrine neoplasms (2020)[36].

Everolimus, a mTOR inhibitor, has been shown to inhibit tumor cell growth through suppression of
the PI3K/AKT/mTOR pathway. The primary results of the RADIANT-3 trial reported that patients
with advanced PanNETs in the everolimus group had a median PFS of 11 mo, with a 6.4-mo increase vs
the placebo group, and the safety profile of everolimus was good[16]. Everolimus resistance is thought
to be related to its ability to inhibit only partial mTORC1 but not mTORC2, thus causing over-activation
of upstream signaling, including PI3K/AKT[44]. Thus, both the dual PI3K/mTOR inhibitor BEZ235 and
the dual inhibitor of mTORC1 and mTORC2, CC-223, are thought to have the potential to overcome
everolimus resistance, but the phase II clinical trial of BEZ235 failed due to severe adverse effects[45].
The results of a phase II clinical trial of CC-233 in nonpancreatic NETs patients who failed first-line
therapy suggested a DCR of 90% (95%Cl: 76.9-97.3%) and a median PFS of 19.5 mo (95%CI: 10.4-28.5
mo), with a safety profile comparable with that of everolimus, but its use in PanNET patients still needs
to be prospectively explored[46].

Several preclinical studies suggest that SSAs can inhibit insulin-like growth factor-1 (IGF-1), an
upstream signal of the PI3K/AKT/mTOR pathway (Figure 2), and LAN was observed to reduce the
survival rate of everolimus-resistant cell lines. SSAs may be able to overcome resistance to everolimus
[38,47]. Unfortunately, in the COOPERATE-2 study of everolimus in combination with pasireotide LAR
vs everolimus monotherapy in patients with advanced PanNETs, no prolongation of PFS was observed
in the combination group vs the monotherapy group[48]. However, the trial extension results of the
LUNA study of everolimus in combination with pasireotide LAR for advanced pulmonary and thymic
NETs suggested that the everolimus combined with pasireotide group had a significantly longer median
PFS than the pasireotide monotherapy group and the everolimus monotherapy group (8.51 mo vs 12.48
mo vs 16.53 mo)[49]. The Japan Clinical Oncology Group is also conducting a multicenter, randomized,
controlled, phase III trial (JRCT1031200023) to confirm the superiority of combined everolimus plus
lanreotide therapy over everolimus monotherapy for advanced GEP-NETs[50].

Resistance to everolimus may also be overcome by combined metformin therapy. Pusceddu et al[51]
conducted a retrospective analysis of 445 patients with advanced PanNETs treated with everolimus
and/or SSAs in 24 medical centers in Italy and observed that the median PFS of 44.2 mo was
significantly longer in patients treated with metformin glucose-lowering therapy than in nondiabetic
patients (15.1 mo) and longer than that in diabetic patients receiving other glucose-lowering treatments
(20.8 mo). Metformin is associated with increased PFS in patients treated with SSA and in patients
treated with everolimus (with or without SSAs). A preclinical study showed that metformin may induce
more effective mTOR blockade through its effects on IGF-1 and adenosine 5’-monophosphate-activated
protein kinase and may counteract the resistance mechanism triggered by everolimus (Figure 2)[52].
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Because both metformin and SSA were observed to have the potential to overcome everolimus
resistance in preclinical studies, a prospective study evaluating the efficacy of the triple-drug
combination of everolimus, octreotide, and metformin for the treatment of advanced PanNENs
(NCT02294006) is underway.

Antiangiogenic agents include tyrosine kinase inhibitors (TKIs) and non-TKI agents such as
bevacizumab [anti-vascular endothelial growth factor (VEGF) monoclonal antibody]. PanNETs are
highly vascularized with overexpression of proangiogenic factors such as VEGF, so antitumor
angiogenesis is an effective therapeutic approach[53]. Antiangiogenic agents have evolved rapidly in the
field of PanNET therapy in recent years, with new agents and high-grade clinical evidence emerging.
Sunitinib, a polytyrosine kinase inhibitor, became the first antiangiogenic agent approved by the FDA
for the treatment of patients with advanced PanNETs based on favorable results from a randomized
double-blind phase III clinical trial[15]. Surufatinib is a new multitargeted TKI that blocks tumor
angiogenesis by inhibiting both vascular endothelial growth factor receptor-1/2/3 (VEGFR-1/2/3) and
fibroblast growth factor receptor-1 (FGFR-1) (Figure 2) and regulates tumor-associated macrophages to
promote the immune response of the body to tumor cells by inhibiting colony-stimulating factor-1
receptor[54]. The SANET-p study, a phase III clinical trial of surufatinib in patients with advanced
PanNETs, suggested a significant prolongation of median PFS (10.9 mo vs 3.7 mo) and improvement of
ORR (19% vs 2%) in the surufatinib group compared with the placebo group[17]. The results from the
PanNET cohort of the phase II cohort study (NCT01466036) of cabozantinib, a multitargeted tyrosine
kinase inhibitor targeting VEGFR2 and cellular-mesenchymal epithelial transition factor, suggested a
median PFS of 21.8 mo (95%CI: 8.5-32.0 mo) and an ORR of 15% (95%CI: 5%-36%)[55]. This result has
raised expectations for the publication of the results of the ongoing randomized, double-blind phase III
clinical trial of cabozantinib (NCT03375320). The TALENT study (GETNE1509) is a phase II clinical
study of the VEGFR1-3 and FGFR1-4 inhibitors lenvatinib in which good clinical efficacy was observed
in the PanNET cohort with a tolerable safety profile[56]. In addition, the TALENT study quantified a
series of proangiogenic factors, such as VEGF-A, angiopoietin-2 (Ang?2), and VEGFR-2. The results
suggested that high Ang2 Levels and low FGF2 Levels were significantly associated with ORR, and
Ang?2 and VEGFR-2 Levels in patients treated with sunitinib could predict the efficacy of lenvatinib,
confirming that biomarkers can not only predict drug efficacy but also provide a reference for patient
sequential therapy selection[57]. Axitinib[58] and pazopanib[59] have also demonstrated efficacy in
phase II clinical trials for the treatment of NETs. Clinical advances in antiangiogenic agents have
brought more new options for the treatment of advanced PanNETs.

ADVANCES IN IMMUNOTHERAPY

With the advent of the immunotherapy era, phase I/II clinical trials of various immune checkpoint
inhibitors such as programmed cell death-ligand 1 (PD-L1) inhibitors, programmed cell death-1 (PD-1)
inhibitors and cytotoxic T-lymphocyte antigen 4 inhibitors have been widely conducted and rapidly
developed in the PanNEN field. The results of a phase Ib study of toripalimab as a second-line regimen
for the treatment of patients with advanced NENs suggested an ORR of 22.2% and a DCR of 55.5% in
the PanNEN subgroup and observed that patients with positive PD-L1 expression, TMB-H (top 10%)
and/or MSI-H positivity may preferentially benefit from the treatment[60]. The results of some current
clinical trials have shown no significant benefit observed in patients with NENs treated with immune
checkpoint inhibitors alone[61,62], and dual immunotherapy with PD-L1/PD-1 inhibitors in
combination with CLTA-4 inhibitors is starting to gain interest. The DUNE study (GETNE 1601) is a
phase II multicohort clinical study assessing the efficacy of durvalumab in combination with
tremelimumab for the treatment of advanced GEP-NENs and pulmonary NETs, with recent results
suggesting an ORR of 6.3% for the G1/G2 grade PanNET cohort, 9.1% for the G3 grade GEP-NEN
cohort, and 7.4% and 0% for the pulmonary NET and giNET cohorts respectively[63]. A multicohort
phase II clinical trial (NCT02923934) assessed the efficacy of ipilimumab in combination with nivolumab
in NETs, with the latest results suggesting an ORR of 25% for the NET cohort (20 pts), and the study is
still ongoing[64]. Clinical trials of immune checkpoint inhibitors in combination with other agents
(antiangiogenic agents, chemotherapy, PRRT, and SSAs) continue to emerge, and some current clinical
studies of immunotherapy in combination with antiangiogenic agents suggest better efficacy. An ORR
of 20% and a median PFS of 3.94 mo were observed in a phase II clinical trial of toripalimab in
combination with surufatinib in patients with advanced NECs after the failure of first-line
chemotherapy. Surufatinib in combination with toripalimab has been suggested as a second-line
treatment option for patients with advanced NECs[65], and a phase III clinical trial (NCT05015621) is
evaluating the efficacy of the combination of surufatinib and toripalimab versus FOLFIRI regimen as a
second-line treatment option for patients with advanced NECs. Clinical trials of immunotherapy in
combination with other therapies being conducted in patients with NENs are shown in Table 1.
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Table 1 Ongoing clinical trials of inmune checkpoint inhibitors in combination with other therapies for the treatment of neuroendocrine

neoplasms

Drugs Population n Phase Primary outcomes NCT number
Surufatinib + toripalimab vs NEC 194 1II (O] NCT05015621
FOLFIRI

Penpulimab + anlotinib NET 150 I ORR NCT04207463
Pembrolizumab + liver- NET 32 ORR NCT03457948
directed/PRRT

Nivolumab + chemotherapy NEN G3 38 I os NCT03980925
Toripalimab + FOLFSIM vs EP/EC  Advanced NEC 336 II/111 0s NCT03992911
Nivolumab + ipilimumab + PD-NET 30 I ORR NCT04079712
cabozantinib

Pembrolizumab + lanreotide depot ~ GEP-NET 22 Ib/T1 ORR NCT03043664

FOLFIRI: Folinic acid, fluorouracil and irinotecan regimen; FOLFSIM: Simmtecan and 5-FU/LV regimen; EP: Etoposide and cisplatin regimen; EC:
Etoposide and carboplatin regimen; PD-NET: Poorly differentiated neuroendocrine tumor; ORR: Objective response rate; OS: Overall survival.

ADVANCES IN PEPTIDE RECEPTOR RADIONUCLIDE THERAPY

PRRT has been widely used in the treatment of NETs in Europe, the USA and Asia[66].'""Lu-
DOTATATE has been used for more than a decade, but clinical studies of PRRT are still dominated by
phase I/1I clinical trials, and there is a lack of phase III clinical trials with large samples for NETs. The
NETTER-1 study, a pivotal phase III clinical study of PRRT, treated two groups of midgut NETs with
77Lu-DOTATATE combined with long-acting octreotide (30 mg every 28 d) and high-dose long-acting
octreotide (60 mg every 28 d) and observed that ""Lu-DOTATATE significantly increased the ORR (18%
vs 3%) and prolonged the median OS of patients (48 vs 36.3 mo)[18,67]. Unfortunately, the NETTER-1
study, while suggesting good efficacy of PRRT, did not involve PanNETs, and the subsequent NETTER-
2 study (NCT03972488), which is still ongoing enrolled SSTR+ G2/G3 GEP-NETs to evaluate the
efficacy of ""Lu-DOTATATE in combination with long-acting octreotide (30 mg every 28 days)
compared with a high dose of long-acting octreotide (60 mg every 28 d). Prior to the results of the
NETTER-2 study, the results of the multicenter retrospective NETTER-R study, which provided
evidence for the use of PRRT in PanNETs, suggested that ’Lu-DOTATATE had a median PFS of 24.8
(95%CI: 17.5-34.5) months and an ORR of 40.3% (95%CI: 28.1-53.6) in patients with advanced SSTR-
positive PanNETs[68]. ”Lu-DOTA-JR11 is a novel radiolabeled SSTR2 antagonist, and its application in
SSTR-positive NETs in phase I/1I clinical trials resulted in a DCR (12 mo) of 90% and an acceptable
safety profile, suggesting that ’Lu-DOTA-JR11 has good research potential[69]. Among emerging a-
emitters, ?Ac-DOTATATE, #*Bi-DOTATOC and ??Pb-DOTAMTATE have also shown good results in
small samples of NETs, and clinical trials are underway[70].

NEW TARGETED AGENTS

In addition to common targets such as SSTR2, mTOR, and VEGFR, researchers are actively exploring
new targeted agents for clinical application in the field of PanNENSs. Cyclin-dependent kinases (CDKs),
which regulate cell cycle progression, have been considered promising new targets for tumor therapy.
Palbociclib, a small molecule compound that specifically inhibits CDK4 and CDK®6, induced G1 phase
blockade in Rb-positive CDK4-overexpressing PanNET cell lines in an in vitro assay, blocking and
inhibiting the growth of PanNET cell lines[71,72]. However, the results of a phase II clinical trial of
palbociclib for G1/G2 grade PanNETs suggested a median PFS of only 2.6 mo (95%CI: 0-14.4)[71].
ONC201, an agent with specific targeting of the dopamine-like DRD2 receptor and the mitochondrial
protease ClpP, inhibits the growth of PanNET cell lines by TRAIL/DR5 upregulation, dual AKT/ERK
pathway inhibition and promotion of a comprehensive stress response to exerting anticancer effects.
The phase II study of ONC201 for NETs (NCT03034200) included 10 patients with metastatic PC-PGs
(Group A) and 12 patients with other neuroendocrine tumors (Group B), and the latest results of this
study suggested 5 PRs and 2 SDs in Group A and 1 PR and 2 SDs in Group B. A full outcome report is
still pending[73]. Antibody-coupled drugs developed against SSTR targets have received much
attention. PEN-221, an antibody-drug conjugate (ADC) targeting SSTR2, connects the cytotoxic
microtubule protein inhibitor DM1 to Tyr3-octreotate and can rapidly internalize DM1 into SSTR2-
expressing cells and exert cytotoxic effects after binding to SSTR2[74]. A phase II clinical study of
PEN221 in SSTR2-positive gastrointestinal NETs is ongoing, and the latest results suggested that 23
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Table 2 Ongoing clinical trials of new targeted agents

Drugs Targets Population n Phase Primary outcomes NCT number

Ribociclib + Everolimus =~ CDK4/6 Inhibitor =~ Advanced NET 21 I PFS NCT03070301

Abemaciclib CDK4/6 Inhibitor ~ Advanced GEP-NET 37 I ORR NCT03891784

BAY 1895344 ATR Kinase SCLC/PD-NEC/PDA 87 1 MTD, AEs NCT04514497
Inhibitor

Lurbinectedin, ATR Kinase SCLC/HGNEC 75 I/11 MTD, ORR NCT04802174

berzosertib Inhibitor

BI 764532 DLL3 Inhibitor SCLC/NEN Expressing 110 I MTD NCT04429087

DLL3
Entinostat HDAC Inhibitor Abdominal NET 40 I ORR NCT03211988
Niraparib + dostarlimab  PARP Inhibitor SCLC/HGNEC 48 PFS, ORR NCT04701307

SCLC: Small-cell lung carcinoma; PD-NEC: Poorly differentiated neuroendocrine carcinoma; PDA: Pancreatic adenocarcinoma; HGNEC: High-grade

neuroendocrine cancer; CDK: Cyclin-dependent kinase; ATR kinase: Ataxia telangiectasia and RAD3-related kinase; DLL3: Delta-like protein 3; HDAC:

Histone deacetylase; PARP: Poly (ADP-ribose) polymerase; PFS: Progression-free survival; MTD: Maximum tolerated dose; ORR: Objective response rate;

AEs: Adverse events.

Jaishideng®

(88.5%) of 26 evaluable patients were assessed as SD, with a median PFS of 9 mo[75]. Belzutifan is a
second-generation small-molecule hypoxia-inducible factor (HIF)-2a inhibitor, which is recommended
in the latest NCCN guidelines for advanced PanNET patients with germline VHL alteration[19]. In a
phase II, open-label, single-group trial of belzutifan in patients with renal cell carcinoma associated with
VHL disease, 22 patients with PanNETs were included, among them 20 patients (91%) had a confirmed
response (including 3 patients (14%) who had a complete response)[76]. Phase I/1I clinical trials of new
targeted agents such as ATR inhibitors, DLL3 inhibitors, HDAC inhibitors, and PARP inhibitors applied
to NETs are currently underway (Table 2), but there is still a long way to go before clinical application.

CONCLUSION

Although there are various treatments for PanNENSs, choosing appropriate therapeutic schemes for
different patients in terms of pathological classification, grades and stages is still difficult. The selection
of a cytotoxic chemotherapy regimen is a concern of researchers, and the results of prospective studies
may help to address it. First, the problem of drug resistance facing CAPTEM regimen, the most widely
used plan, will probably be solved by the combination of PARP inhibitors and mTOR inhibitors,
although more evidence is needed. Due to the limited effect of SSAs on inhibiting cancer cell prolif-
eration, progress has mainly been made in the selection of appropriate patients and the synergistic effect
of combination therapy. Many new antiangiogenic agents and high-level clinical evidence have
emerged, and the reversal of drug resistance to everolimus has also advanced. The use of PRRT in the
treatment of NETs is increasingly common, and new radiolabeled peptides appear to be more effective.
Immunotherapy faces challenges, and the better curative effect of dual immune checkpoint inhibitor
therapies and the combinations of immune checkpoint inhibitors plus other agents need further invest-
igation. Although there are limited choices in the treatment of PanNENSs, the combination of common
medicines such as SSAs, cytotoxic chemotherapy, everolimus, sunitinib and immune checkpoint
inhibitors can have synergistic effects or alleviate drug resistance, thus bringing new vitality to the
treatment of PanNENs. The development of biomarkers in clinical research provides a reference for the
prediction of curative effects and the selection of sequential therapy, and biomarker-directed therapy
helps in choosing appropriate medicines for different people. Advances in the search for new targets
and the use of new medicines on common targets will provide more choices for the treatment of
PanNENSs, but applying them in clinical practice will still take time. Further investigation of PRRT and
immunotherapy and the development of new targeted agents will be the focus of future research, and
the progress made in the reversal of drug resistance will help clinical practice. In addition, the selection
of appropriate therapeutic schemes for different patients and the execution of individualized and
precise therapy will be a continuous concern for researchers.
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Abstract

Hepatocellular carcinoma (HCC) is the most common primary liver cancer,
accounting for about 90% of liver cancer cases. It is currently the fifth most
common cancer in the world and the third leading cause of cancer-related
mortality. Moreover, recurrence of HCC is common. Microvascular invasion
(MVI) is a major factor associated with recurrence in postoperative HCC. It is
difficult to evaluate MVI using traditional imaging modalities. Currently, MVI is
assessed primarily through pathological and immunohistochemical analyses of
postoperative tissue samples. Needle biopsy is the primary method used to
confirm MVI diagnosis before surgery. As the puncture specimens represent just a
small part of the tumor, and given the heterogeneity of HCC, biopsy samples may
yield false-negative results. Radiomics, an emerging, powerful, and non-invasive
tool based on various imaging modalities, such as computed tomography,
magnetic resonance imaging, ultrasound, and positron emission tomography, can
predict the HCC-MVI status preoperatively by delineating the tumor and/or the
regions at a certain distance from the surface of the tumor to extract the image
features. Although positive results have been reported for radiomics, its
drawbacks have limited its clinical translation. This article reviews the application
of radiomics, based on various imaging modalities, in preoperative evaluation of
HCC-MVI and explores future research directions that facilitate its clinical
translation.
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Core Tip: Hepatocellular carcinoma-microvascular invasion (HCC-MVI) is closely related to the prognosis
of patients, so accurate and individualized prediction of M VI status before treatment is very important.
Radiomics is a non-invasive method for predicting HCC-MVI status preoperatively. The standardization
of relevant implementation processes of radiomics, such as the delineation of the region of interest, the
improvement of algorithms, and the combination of liver imaging reporting and data system, will all
contribute to the accurate prediction of MVI. In addition, the introduction of the biological significance of
the disease can make up for the shortcomings of the clinical transformation of radiomics to a certain
extent.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common primary liver cancer, accounting for about 90% of
liver cancers cases[1]. According to the World Health Organization, HCC is currently the fifth most
common cancer in the world and the third leading cause of cancer-related mortality[2]. The rate of HCC
occurrence varies with geographic regions. It is more commonly observed in the underdeveloped
regions of the world; for example, its annual incidence rate in East Asia and Sub-Saharan Africa is
higher, exceeding 15 per 100000 individuals. Nonetheless, the incidence of HCC is rising rapidly in
Europe and the United States, and is expected to continue to rise over the next 10 years[3-5]. Although
various treatment modalities are available for different stages of HCC, recurrence is common in the
following types of HCC patients: patients with single masses with preserved liver function, no portal
hypertension, and treated with resection; patients with multiple intrahepatic tumors or poor liver
function, no major comorbidities, and listed for transplantation; patients with up to three tumors (each 4
cm or smaller), not eligible for transplantation, and treated with ablation; patients not eligible for
ablation and receiving embolization; and some patients subjected to systemic and radiation treatments
[6-8]. According to a previous study, about 70% of HCC patients relapse within 5 years after surgical
resection and 35% relapse within 5 years after liver transplantation[9]. Microvascular invasion (MVI) is
defined as the invasion of tumor cells into the vascular endothelial cell space, including microvessels of
the portal vein, hepatic artery, and lymphatic vessels[10]. Previous studies[11,12] demonstrated that
MVl is the strongest independent predictor of early HCC recurrence. It is primarily detected through
immunohistochemical and pathological analyses of postoperative tissue specimens[13]. The inability to
identify MVI preoperatively leads to incomplete surgical resection and increases the risk of
postoperative recurrence. This limits the effectiveness of treatment and affects the long-term survival of
liver cancer patients. Although conventional imaging examinations, such as computed tomography
(CT)-based quantitative image analysis and dynamic contrast enhanced ultrasound (CEUS)[14,15] can
predict MVI preoperatively, routine analyses of these images provide insufficient information, such as
two-dimensional analysis of lesion morphology, size, etc based on conventional images.

Radiomics is an emerging, powerful, and non-invasive tool that uses a series of data mining
algorithms and statistical analysis tools for the high-throughput analysis of image features. It can detect
delicate features from conventional radiological images that are invisible to the naked eye and has been
increasingly adopted to predict MVI. This enables extraction of many features at the whole lesion level.
These features may provide information regarding heterogeneity and invasiveness of the disease that
can be of predictive or prognostic value, thus leading to the selection of the best possible treatment[16].
HCC shows a large amount of intra- and inter-tumor heterogeneity at the biological level[17-20]. Biopsy,
which is the main method for diagnosing HCC, usually involves removal of only a small part of the
tumor, thus excluding the possibility of assessing intratumoral heterogeneity. Hence, in recent years,
research pertaining to HCC using radiomics has attracted increasing attention[21]. Quantitative
radiomics data, along with models or nomograms based on multiple imaging modalities including CT,
magnetic resonance imaging (MRI), ultrasound (US), and positron emission tomography (PET),
demonstrate high accuracy in predicting HCC-MVI preoperatively. In this review, we discuss the
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applications of radiomics based on various imaging modalities in the preoperative detection of HCC-
MVI (Table 1). In addition, future research directions are explored.

CT-BASED RADIOMICS

Liver cirrhosis or hepatitis B-related HCC can be diagnosed highly accurately through non-invasive
approaches based on multi-phase CT/MRI imaging features, such as hyperenhancement in the arterial
phase (AP) and hypoenhancement in the portal venous phase (PVP)[22]. For example, Peng et al[23]
constructed a radiomics model based on hepatic AP and PVP images to delineate tumor regions and
extract radiomic features to predict the preoperative MVI status of HCC related to hepatitis B. They
found that radiomics signature, the alpha-fetoprotein (AFP) level, hypoattenuating halo, internal
arteries, and non-smooth tumor margins are independent predictors of MVI. This model showed good
correction and discrimination capabilities in the training and validation cohorts. The C indices for the
training and validation cohorts were 0.846 and 0.844, respectively, and the area under the curve (AUC)
of the radiomics nomogram in the MVI risk analysis was 0.845. In a similar study, Ma et al[24] found
that the radiomics features of PVP were better than those of the AP and delayed phase (DP); the C index
and AUC values of the model, combined with radiomic features and clinical factors, were close to those
reported by Peng et al[23]. In a recent study based on AP and PVP images, Xu et al[9] marked the tumor
regions and regions 5 mm away from the tumor surface, as regions of interest (ROI) to extract radiomic
features to predict the HCC-MVI status and long-term clinical outcomes of patients with HCC. It was
found that aspartate aminotransferase (AST) and AFP levels, tumor margin, growth pattern, capsule,
peritumoral enhancement, radio-genomic venous invasion (RVI), and the radiomic score (R-score) were
all predictors of MVI. The AUC of this model was 0.909, and the progression-free survival and overall
survival of the MVI group were significantly lower than those of the non-MVI group. This showed that
combining large-scale clinical radiology and radiomics analyses could reliably predict MVI and clinical
outcomes.

MRI-BASED RADIOMICS

Although both conventional multi-phase contrast enhanced CT and MRI can be used to obtain the
unique image features of HCC, MRI provides many additional imaging sequences that are helpful in
diagnosing HCC without radiation damage; the additional sequences include T2-weighted imaging
(T2WI), diffusion weighted imaging (DWI), and enhanced scanning by combined use of some
extracellular and hepatocyte contrast agents, such as gadoxetic acid, that have the ability to distinguish
relatively small and subtle lesions through the hypointensity received in the hepatobiliary phase (HBP)
[25]. Moreover, a combination of MRI parameters can facilitate early diagnosis of small HCC. For
example, double hypointensity in the portal/venous phase and HBP can be considered an MRI pattern
that is highly suggestive of hypovascular HCC[26]. Thus, MRI-based radiomics provides more possib-
ilities for HCC-MVI assessment. Feng et al[27], based on a gadolinium-ethoxybenzyl-diethylenetriamine
(Gd-EOB-DTPA) MRI HBP image, delineated the tumor and designated a 1-cm area around it as the
ROI. The combined intratumoral and peritumoral radiomics model presented in that study predicted
the AUC value of MVI to be 0.85. In another study, Yang et al[28] used gadoxetic acid-enhanced MRI to
delineate the tumor, which was then used as the ROL They found that the AFP level, non-smooth tumor
margins, arterial peritumoral enhancement, and radiomics signatures of HBP TIWI and HBP T1 maps
could all be used as predictors of MVI. The prediction model that combined clinical radiation factors
and fusion radiomic features from HBP images predicted the AUC of MVI to be 0.943, which was higher
than that reported by Feng et al[27]. Meanwhile, the C indices of the generated nomograms in the
training and validation groups were 0.936 and 0.864, respectively. This may stem from the varied
delineation of the ROIs and the construction of models based on different sequences. Recently, Nebbia et
al[29] devised a method based on radiomics through multi-sequence and traditional Gd-DTPA MRI for
preoperative detection of MVI. It was found that the T2 and PVP sequences were superior to other MRI
sequences in single-sequence models (i.e. T1, DWI, and late AP). The combination of these two
sequences obtained the highest AUC value of 0.867 in predicting MV], indicating that preoperative liver
MRI scans are promising for predicting MVI and that the information obtained from a multi-parameter
MRI sequence is crucial in identifying MVI.

US-BASED RADIOMICS

Compared with CT/MR, US is radiation-free, easy to implement, and simple to use for liver examin-
ations. If potential predictors can be identified, US/CEUS may become an alternative technique to
provide additional information for the detection of MVI. Hu et al[30], based on US images, outlined the
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Table 1 Based on various imaging modalities radiomics in the application of microvascular invasion

Ref. Modality/images/patients/ROI Software Predictors of MVI

Peng et al[23] CT/AP and PVP CT images/304/tumor IBEX software package Radiomics signature, AFP level, hypoat-
tenuating halo, internal arteries, and
nonsmooth tumor margin

Ma et al[24] CT/AP, PVP and DP CT images/157/tumor ITK-Snap Age, MTD, AFP, Radiomics signature,
hepatitis B

Xu et al[9] CT/AP and PVP CT images/495/ vorertire yoro®, In-house software written in  AST, AFP, tumor margin, growth

Feng et al[27]

Yang et al[28]

Nebbia et al[29]

Hu et al[30]

Dong et al[31]

Li et al[35]

and VOIPenumbra Python 3.6.1 pattern, capsule, peritumoral enhance,
RVI, R-score of VOI*""™ on PP

MRI/HBP of Gd-EOB-DTPA /160/tumoural and ITK-Snap NA

peritumoural (1cm) regions

MRI/T1, T2, DWI, Gd-EOB-DTPA MRI AP, PVP, DP, ITK-Snap AFP, nonsmooth tumor margin, arterial

and HBP/208/tumor peritumoral enhancement, radiomics
signatures of HBP TIWI and HBP T1
maps

MRI/T1, T2, DWI, Gd-DTPA MRI AP and NA NA

PVP/99/tumoural and peritumoural (1 cm) regions

US/Grayscale US/482/tumor A K. software radiomics score, AFP, and tumor size

US/Grayscale US/322/tumor and peri-tumor (half of MITK NA

the tumor radius)

PET-CT/[*®F]FDG PET-CT/80/areas with abnormal  Lifex software SUV
uptake

TLR, Rad-score

max’

AFP: Alpha-fetoprotein; A.K. software: Artificial Intelligence Kit, version 1.1, GE Healthcare; AP: Artery phase; AST: Aspartate aminotransferase; CT:

Computed tomography; DP: Delay phase; DWI: Diffusion weighted imaging; ["*F][FDG PET: 18-fluorodeoxyglucose positron emission tomography; Gd-
DTPA: Gadopentetic acid; Gd-EOB-DTPA: Gadolinium-ethoxybenzyl-diethylenetriamine; HBP: Hepatobiliary phase; MITK: Medical Imaging Interaction
Toolkit; MRI: Magnetic resonance imaging; MTD: Maximum tumour diameter; MVI: Microvascular invasion; NA: Not available; PP: Portal-venous phase

imaging; PVP: Portal venous phase; ROI: Region of interest; R-score: Radiomic score; RVI: Radiogenomic venous invasion; SUV,, : Maximum standard
uptake value; TLR: Maximum SUV of the tumor/mean SUV of the normal liver; US: Ultrasound; VOI®™™: Entire-volumetric interest; VOI'*: 50% of the
entire tumor volume; VOIPe™™mbra, A region with 5 mm distance to tumor surface.
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tumor region as the ROI to extract radiomic features and constructed a US-based radiomics score for
preoperative prediction of HCC-MVI. The study showed that an AFP level > 400 ng/mL and tumor size
> 5 cm were significantly related to MVI. The AFP level, gray-scale US-based tumor size, and radiomics
score were identified to be independent predictors of MVI. The radiomics-based nomogram (AUC:
0.731) showed better performance in MVI detection than the clinical nomogram (AUC: 0.634). However,
there was no significant difference between the MVI-positive and -negative groups in terms of other
clinical and pathological features, as well as CEUS features. Similarly, Dong et al[31] envisaged that
radiomic algorithms based on US images might have potential predictive value in the detection of MVI
in patients with HCC. Unlike Hu et al[30], Dong et al[31] delineated the gross-tumor region (GTR) and
the peri-tumoral region (PTR, the uniform dilated half of the tumor radius) and showed that the AUC of
the radiomic nomogram, combined with the AFP level, characteristics of the tumor, and the area around
the tumor, was 0.744, which was slightly higher than that reported by Hu et al[30]. This also supports
the idea that the peritumoral area is an onset area of MVI. It is thought to be the main blood
transmission route of portal vein thrombosis and the main route for intra- and extra-hepatic metastases
[32]. This signifies that, when evaluating HCC-MVI based on radiomics, the area around the tumor also
needs to be evaluated.

PET-BASED RADIOMICS

High glucose consumption by the tumor cell microenvironment, including that in HCC, can be reflected
in 18-fluorodeoxyglucose PET (*FDG-PET). Although the tumor detection efficiency is affected by liver
cirrhosis and a high background signal, studies have confirmed that the maximum standard uptake
value (SUVmax) of ¥FDG-PET is related to the recurrence rate of HCC and patient survival, and that the
combination of MRI and ®FDG-PET can improve the accuracy of HCC histopathological grading[33,34].
In a recent study[35], the PET/CT model, after integrating the radiomic features composed of five PET-
and six CT-derived texture features, showed an AUC of 0.891 in the training cohort. The prediction of
disease-free survival (DFS) was also more accurate (C index of 0.831). This study indicated that the
newly developed [*F]FDG PET/CT radiomics feature is an independent biomarker for evaluating MVI
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and DFS in patients with ultra-early and early HCC.

LIMITATIONS

Although radiomics has achieved some exciting results in evaluating the HCC-MVI status, many
limitations still exist. The current lack of standardization in image acquisition schemes, segmentation
methods, and radiomics tools used for analysis may lead to differences in the measurement of radiomic
features that do not stem from biological differences[16]. Existing studies[36] have shown varied
reproducibility in extracting quantitative imaging features from tumor regions segmented by different
methods. Fortunately, the radiomics quality score (RQS) has been proposed to assess whether radiomics
research meets best practices[37]. In addition, there are huge challenges in interpreting the correlation
between radiomics features and their biological significance, especially that of the texture features
obtained from high-level analysis. This leads to restrictions on the use of radiomics in clinical applic-
ations[38].

FUTURE DIRECTIONS

Every step involved in radiomics-based analyses needs to be optimized and standardized, including the
adjustment of imaging schemes and parameters, development of (semi-) automated segmentation
methods, and refinement of algorithms and high-throughput analysis modeling methods. In addition, in
the process of establishing a radiomics model, potential independent variables should be included in the
multivariate analysis (such as protein induced by vitamin K absence or antagonist-II), which will help
improve the sensitivity, specificity, and predictive ability of the model[39]. In addition, the imaging
characteristics of certain liver nodules in patients with chronic liver disease are complex and diverse.
For example, the imaging manifestations of primary and recurrent cirrhosis nodules are different[40],
and tuberculosis nodules are easily misdiagnosed as HCC[41]. Through targeted collection of a large
number of these different liver nodules, corresponding predictions can also be made using radiomics.
Furthermore, due to the complexity and similarity in imaging characteristics of certain hepatic nodules
in high-risk HCC, the American College of Radiology (ACR) has issued a diagnostic program, namely
the liver imaging reporting and data system (LI-RADS, https://www.acr.org). Several studies[42-44]
have indicated that ACR CT/MRI LI-RADS and CEUS LI-RADS possess high application value in
identifying primary hepatic nodules in patients with high-risk HCC, and especially display high
diagnostic performance with LR-5 and LR-M nodules. In a recent study, Zhou et al[45] observed that the
model incorporating CEUS LR-M and clinical features was able to predict the MVI status of HCC.
Therefore, undoubtedly, LI-RADS combined with radiomics using various imaging modalities shows
promise in the prediction of HCC-MVI.

Although radiomics can predict MVI and determine related predictors, there are differences between
groups. With the exponential growth of interest in the development of artificial intelligence (Al)-based
applications, there is now an opportunity to apply Al in radiomics analyses. Deep learning, especially
convolutional neural networks (CNNs), can capture texture information in the initial convolution layer.
CNNs may replace several current radiomics-based analysis methods[46]. Recently, a new concept of
“deep radiomics” was proposed. This technique combines radiomics and deep learning analysis by
creating feature images based on texture features and then using them as input for CNNss to classify the
images. Therefore, along with the prediction of MVI, the use of Al-based technology is also expected to
identify individual MVL.

Data-driven radiomics is inherently unable to provide insights into the biological basis of the
observed relationship. It is important to note that HCC shows large intra- and inter-tumor heterogeneity
at the biological level. With the rapid development and popularization of machine learning, researchers
are paying increasing attention to the improvement of prediction ability; however, they are far from
understanding the biological significance of the observed research results. This disconnect between the
predictive models and their biological significance inherently limits their widespread clinical
translation. Therefore, it is necessary to introduce biological significance into the radiomics field
through various available biological methods, such as genome association, immunohistochemical
analyses, local microscopic pathological image texture analyses, and evaluation of macroscopic
histopathological marker expression (Figure 1)[47].

CONCLUSION

Radiomics based on multiple imaging modalities has performed remarkably well in predicting the
HCC-MVI status. In future, researchers need to focus on standardizing image segmentation and
radiomics processing processes and the optimization of algorithms to further improve the accuracy of
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Figure 1 Histology and genomic analysis can provide specific small-scale insights and help validate radiomic results.
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individualized prediction. Importantly, it may be possible to provide some new insights through
combining deep learning and LI-RADS with radiomics and introducing biological significance.
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Abstract

BACKGROUND

Recent studies have emphasized the emerging importance of long noncoding
RNAs (IncRNAs) in colorectal cancer (CRC). However, the functions and
regulatory mechanisms of numerous IncRNAs in CRC have not been fully
elucidated.

AIM

To explore the functional role and underlying molecular mechanisms of IncRNA
TNFRSF10A-AS1 in CRC.

METHODS

TNFRSF10A-AS1 expression was measured by quantitative real-time polymerase
chain reaction in CRC, and the relationship between TNFRSF10A-AS1 levels and
the clinicopathological features of CRC patients was analyzed. The effect of
TNFRSF10A-AS1 expression on CRC proliferation and metastasis was examined
in vitro and in vivo. Mechanistically, we investigated how TNFRSF10A-AS1 is
involved in CRC as a competitive endogenous RNA.

RESULTS

TNFRSF10A-AS1 was expressed at a high level in CRC and the upregulation of
TNFRSF10A-AS1 was associated with advanced T grade and tumor size in CRC
patients. A functional investigation revealed that TNFRSF10A-AS1 enhanced the
proliferation, migration ability and invasion ability of colon cancer cells in vitro
and in vivo. A mechanistic analysis demonstrated that TNFRSF10A-AS] acted as a
miR-3121-3p molecular sponge to regulate HuR expression, ultimately promoting
colorectal tumorigenesis and progression.

CONCLUSION
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TNFRSF10A-AS1 exerts a tumor-promoting function through the miR-3121-3p/HuR axis in CRC,
indicating that it may be a novel target for CRC therapy.

Key Words: Colorectal cancer; Long noncoding RNA; TNFRSF10A-AS1; miR-3121-3p; HuR
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Core Tip: TNFRSF10A-AS1 was upregulated in colorectal cancer (CRC) tumor tissues and cell lines, and
it was positively correlated with tumor grade and size in patients with CRC. In addition, TNFRSF10A-
AS]1 facilitated CRC growth and metastasis. Mechanistically, TNFRSF10A-AS1 was predominantly found
in the cytoplasm of CRC cell lines and upregulated the level of the downstream target, HuR, by sponging
miR-3121-3p, thereby further promoting colorectal tumorigenesis and progression.

Citation: Wang DD, Sun DL, Yang SP, Song J, Wu MY, Niu WW, Song M, Zhang XL. Long noncoding RNA
TNFRSF10A-AS1 promotes colorectal cancer through upregulation of HuR. World J Gastroenterol 2022; 28(20):
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INTRODUCTION

Colorectal cancer (CRC) is one of the most commonly diagnosed cancers and the third leading cause of
cancer-related deaths around the world[1]. Despite marked advances in CRC diagnosis and therapy in
recent years, the prognosis remains poor for many patients due to a lack of timely diagnosis and
individualized disease management measures. The 5-year survival rate for CRC patients with distant
metastases is approximately 14%[2]. Notably, CRC incidence and mortality rates are rising rapidly in
developing countries[3]. In addition, epidemiological studies have shown an increasing incidence in
adolescents and adults less than 50 years of age[4]. Genetic factors and poor lifestyle habits are the main
predisposing factors for CRC, but the exact pathogenesis is unknown. Therefore, in-depth studies of the
pathogenesis of CRC are of great clinical importance.

Recent evidence from studies of CRC-related pathogenesis has suggested that tumor-specific long
noncoding RNAs (IncRNAs) may contribute to early diagnosis and prognostic assessment as well as
improve disease treatment outcomes. LncRNAs are long (over 200 nucleotides) RNAs[5] that can
interact with DNA, RNA and proteins. The function of IncRNAs mainly depends on their subcellular
localization. Nuclear IncRNAs tend to bind DNA and proteins to regulate chromatin interactions,
transcription and RNA processing, while cytoplasmic IncRNAs modulate mRNA stability or translation
to influence cellular signaling cascades and can also act as competing endogenous RNAs (ceRNAs).
CeRNAs competitively bind microRNA response elements (MREs) to regulate downstream gene
expression[6,7]. In cells, ceRNAs containing the same MREs can competitively bind to the same
microRNA (miRNA) and play posttranscriptional regulatory roles. Recent studies have shown that
IncRNA/miRNA/mRNA mechanisms are involved in several aspects of CRC, including tumorigenesis,
epithelial-mesenchymal transition (EMT), inflammatory processes and chemo-/radio-resistance[8]. For
example, IncRNA SNHGS6 serves as a ceRNA of miR-26a/b and miR-214, thereby regulating their
common target, EZH2, to promote CRC growth and metastasis[9]. However, the functions and
mechanisms of a vast majority of CRC-associated IncRNAs remain unclear.

LncRNA TNFRSF10A-AS1 is a novel IncRNA that has been demonstrated to be associated with the
mechanism of autophagy in CRC, and Kaplan-Meier survival analysis has indicated that patients with
high expression of TNFRSF10A-AS1 have a better prognosis. However, TNFRSF10A-AS1 expression in
CRC cell lines is relatively high, which is inconsistent with the above findings[10]. Another study has
identified five IncRNAs, including TNFRSF10A-AS1, by the expression of genome-wide IncRNAs in
high-throughput RNA sequencing data, which may be useful to predict gastric cancer prognosis[11].
The current evidence on TNFRSF10A-AS] is all based on The Cancer Genome Atlas (TCGA) data
analysis, and the role of TNFRSF10A-AS1 in tumors is inconsistent. Moreover, the exact mechanism of
TNFRSF10A-AS1 is unclear. Therefore, clinical and biological studies are needed to validate these
findings. Our work is aimed to study the expression, functional roles and exact mechanisms of
TNFRSF10A-AS1 in CRC. In the present study, our findings suggested that TNFRSF10A-AS1 was a
novel oncogenic IncRNA that promoted CRC progression and might provide new ideas for CRC
therapy.
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MATERIALS AND METHODS

Database search

The expression of IncRNA TNFRSF10A-AS1 in colon adenocarcinoma (COAD) and rectum adenocar-
cinoma (READ) was analyzed using Gene Expression Profiling Interactive Analysis (GEPIA). GEPIA is
an online analysis tool that is available to provide fast and customizable analysis based on TCGA data.
We compared the expression of TNFRSF10A-AS1 between CRC tumor and nontumor tissues by box
plots, which used log, (TPM + 1) for log-scale (P < 0.05 compared to control).

Patient tissue samples

We collected 40 pairs of surgically resected CRC tumor tissues and matched adjacent non-tumor tissue
samples. These samples were obtained from patients with pathologically diagnosed CRC at the Second
Hospital of Hebei Medical University. Patients were required to be free of radiotherapy, chemotherapy
and other antitumor treatments prior to surgery, as well as free of any other malignant disease other
than CRC. After isolation, some specimens were immediately placed in liquid nitrogen and stored at -80
°C for RNA and protein analysis, and other specimens were fixed in 4% paraformaldehyde for
histological examination. All patients who met the above criteria signed informed consent forms. The
study was approved by the Ethics Committee of the Second Hospital of Hebei Medical University (2021-
R241).

Cell lines

Six human colon cancer cell lines (Caco-2, DLD1, HCT116, HCT15, HT29 and SW480) and one normal
colonic epithelial cell line (FHC) were obtained from American Type Culture Collection (ATCC;
Manassas, VA, United States). All cell lines were routinely cultured in Dulbecco’s modified Eagle’s
medium (DMEM; Gibco BRL, Grand Island, NY, United States), containing 10% fetal bovine serum
(FBS; Gibco BRL).

We conducted cell transfection using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, United States),
including small interfering RNA (siRNA), miRNA mimics, miRNA inhibitor and negative control
oligonucleotides (Shanghai GenePharma Co., Ltd., Shanghai, China). The stable TNFRSF10A-AS1
overexpression lentiviral vector, TNFRSF10A-AS1 knockdown vector and empty vector were designed
and synthesized by GenePharma. And finally, cell lines were screened according to the resistance
carried by the lentivirus.

RNA extraction and quantitative real-time polymerase chain reaction

Total RNA was isolated from CRC tissue and cell samples, and then reverse transcribed into comple-
mentary DNA (cDNA), and finally quantitative real-time polymerase chain reaction (QRT-PCR) was
conducted with cDNA and specific primers. Gene expression was calculated using GAPDH or U6 as
internal reference genes. Table 1 lists all the qRT-PCR primer sequences involved in the study.

Cell counting kit-8 proliferation assay

Seeded colon cancer cells into 96-well cell culture plates at 1000 cells/100 pL per well according to the
experimental grouping. At 24, 48, 72, 96 and 120 h, 10 pL of Cell Counting Kit-8 (CCK-8) reagent
(Shanghai Share-bio Biotechnology Co., Shanghai, China) was added directly to each well. After
incubation for 2 h at 37 °C, the optical density (OD) value (450 nm) was estimated.

Colony formation assay

Colon cancer cells were plated in 6-well cell culture plates at 1000 cells per well according to the experi-
mental grouping and routinely cultured in a cell incubator. Cell culture was terminated once colonies
were visible. Cells were then washed, fixed, stained, photographed and counted.

Cell cycle and apoptosis assays

Cell cycle analysis was performed using a Cell Cycle and Apoptosis Analysis Kit (Beyotime Biotech-
nology Co., Shanghai, China) following the manufacturer’s protocol. Cells were fixed with ethanol,
washed and stained with PI staining solution. Cell apoptosis was assayed using an Annexin V-FITC
Apoptosis Detection Kit (Beyotime Biotechnology Co.), in which early and late apoptotic/dead cells
were labeled using Annexin-V and P, respectively.

Transwell assay

The upper chamber of Transwells (Corning, Kennebunk, ME, United States) was seeded with cells in
200 uL of culture medium without serum. The bottom chamber of Transwells was filled with medium
supplemented with 10% FBS. The invasion and migration characteristics assay were distinguished by
the presence or absence of Matrigel in the upper chamber. Cells in the bottom chambers of Transwells
were fixed, stained and photographed following twenty-four hours of routine culture.

WJG | https://www.wjgnet.com 2186 May 28,2022 | Volume?28 | Issue20 |



Wang DD et al. The pathogenesis of TNFRSF10A-AS1 in CRC

Table 1 Primers for real-time polymerase chain reaction

Primer name Forward (5°-3’) Reverse (5’-3’)

TNFRSF10A-AS1 TCTCAGATCACGTGACCTTGA GTGGGCAGCTCTCATCCTAA

U2 snRNA CATCGCTTCTCGGCCTTTTG TGGAGGTACTGCAATACCAGG

S14 GGCAGACCGAGATGAATCCTC CAGGTCCAGGGGTCTTGGTCC

GAPDH CAGGGGGGAGCCAAAAGGGTCA TGGGTGGCAGTGATGGCATGGA

HuR CCAAAUCUUUGCAUAGGUATT UACCUAUGCAAAGAUUUGGTTA

miR-3121-3p TAAATAGAGTAGGCAAAGGACA

miR-663a AGGCGGGGCGCCGCGGGACCGC

miR-4529-3p ATTGGACTGCTGATGGCCCGT

miR-505-3p CGTCAACACTTGCTGGTTTCCT

miR-5002-5p AATTTGGTTTCTGAGGCACTTAGT

miR-934 TGTCTACTACTGGAGACACTGG

miR-1263 ATGGTACCCTGGCATTACTGAGT

miR-5009-5p TTGGACTTTTTCAGATTTGGGGAT

miR-2115-5p AGCTTCCATGACTCCTGATGGA

miR-377-3p ATCACACAAAGGCAACTTTTGT

miR-3144-3p ATATACCTGTTCGGTCTCTTTA

miR-548av-5p AAAAGTACTTGCGGATTT

miR-4426 GAAGATGGACGTACTTT

miR-224-5p CAAGTCACTAGTGGTTCCGTT

miR-548k AAAAGTACTTGCGGATTTTGCT

U6 TCGTCCCGTAGACAAAATGG
Western blot assay
Total protein from tissue and cell samples was extracted and the protein concentrations were tested.
Different concentrations of polyacrylamide gels were prepared according to the molecular weight of the
protein to be detected. Proteins were then electrophoresed and transferred to polyvinylidene fluoride
(PVDF) membranes. Finally, the membranes were first incubated with primary antibodies against cyclin
D1, proliferating cell nuclear antigen (PCNA), cleaved caspase-3, cleaved PARP, HuR as well as
GAPDH (Cell Signaling Technology, Danvers, MA, United States) at 4 °C overnight and then the
proteins were incubated with secondary antibodies (Cell Signaling Technology) for 1 h.
Immunohistochemistry
Tissue samples were fixed in paraformaldehyde, dehydrated in alcohol, embedded in paraffin as well as
sectioned. In addition, immunohistochemical staining of tissue sections was carried out according to the
experimental steps. Finally, staining of the sections was observed under a microscope.
Luciferase reporter assay
TNFRSF10A-AS1 containing wild-type (WT) or mutant (MUT) miR-3121-3p-binding sequences was
designed, synthesized and sub-cloned into the pmiRGLO vector (Shanghai GenePharma Co., Ltd.).
DLDI1 cells were cotransfected with reporter plasmid, miR-3121-3p mimics or mimics NC. After cotrans-
fection under routine culture conditions for 48 h, the Dual-Luciferase Reporter Assay System (Promega,
Madison, WI, United States) was used to evaluate the luciferase activity of all the above reporter vectors.
Subcutaneous xenograft models
We performed animal experiments for in vivo validation. BALB/c nude mice at four- to six-week-old
were subcutaneously injected with DLD1 cells stably transfected with sh-TNFRSF10A-AS1 (sh-Inc) or
sh-negative control vector (sh-NC) (1 x 107,200 pL) and HCT116 cells stably overexpressing
TNFRSF10A-AS1 (oe-Inc) or empty vector (control) (1 x 107, 200 pL) into the right and left dorsal flanks
of the nude mice, respectively. After implantation, the tumor volume was observed and measured every
2 d. The tumor volume was calculated using the measured length and width of the tumor according to
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Table 2 Associations between TNFRSF10A-AS1 levels and clinicopathological features in colorectal cancer patients

TNFRSF10A-AS1 expression

Characteristics Case P value
Low High

Age (yr) 0.751

<60 18 10 8

260 22 10 12

Gender 0.751

Male 22 12 10

Female 18 8 10

Tumor location 1.000

Colon 19 9 10

Rectum 21 11 10

Tumor size (cm) 0.001*

25 21 5 16

<5 19 15 4

T grade 0.014"

T1+ T2 12 10 2

T3 + T4 28 10 18

TNM stage 1.000

I-1I 30 15 15

MI-IV 10 5 5

Histological grade 0.661

Low 6 2 4

Middle-High 34 18 16

2P < 0.05.

Jaishideng®
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the formula: Tumor volume = (length x width?) /2. At the end of the animal study, subcutaneous tumors
were removed and used to assess tumor volume and weight as well as to perform qRT-PCR, Western
blot and histological analyses.

Statistical analysis

Statistical analyses were performed using GraphPad Prism 9 software or SPSS 22.0 software. Data were
presented as the mean + SD. TNFRSF10A-AS1 and miR-3121-3p expression levels in CRC patients were
compared using the paired-sample ¢ test. Statistical significance between groups was analyzed using the
x* test, Fisher’s exact probability, Student’s ¢ test or one-way Analysis of Variance (ANOVA). P < 0.05
was considered statistically significant.

RESULTS

TNFRSF10A-AS1 is upregulated in CRC

To identify whether IncRNA TNFRSF10A-AS1 is differentially expressed in CRC, we first analyzed
TNFRSF10A-AS1 expression in TCGA database. We used the GEPIA online database to analyze
TNFRSF10A-AS1 expression of CRC tissues, and results showed that TNFRSF10A-AS1 was expressed
higher in both colon and rectal carcinoma tissues than that of corresponding adjacent normal tissues
(Figure 1A). We then examined TNFRSF10A-AS1 expression in 40 pairs of CRC tissue samples.
TNFRSF10A-AS1 expression was significantly increased in 34 of 40 (75%) tumor samples compared to
the adjacent normal mucosa tissues (Figure 1B). Next, TNFRSF10A-AS1 expression was verified in
multiple colon cancer cell lines, namely, DLD1, HCT15, HT29, HCT116, SW480 and Caco-2, and human
colon mucosal epithelial FHC cells. TNFRSF10A-AS1 was significantly upregulated in the colon cancer
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Figure 1 TNFRSF10A-AS1 is upregulated in colorectal cancer. A: TNFRSF10A-AS1 was upregulated in tumor tissues compared to normal tissues in
TCGA colorectal cancer (CRC) database; B: TNFRSF10A-AS1 was overexpressed in CRC tumor tissues compared to matched adjacent nontumor tissues (n = 40);
C: Levels of TNFRSF10A-AS1 in CRC were measured by reverse transcription-polymerase chain reaction (RT-PCR); D: TNFRSF10A-AS1 was higher in colon
cancer cell lines than in colon mucosal epithelial FHC cells; E: The expression levels of TNFRSF10A-AS1 in the cytoplasm and nucleus of DLD1 and HCT116 cells
were detected by quantitative real-time polymerase chain reaction (QRT-PCR). U2 snRNA was used as the internal reference for genes expressed in the nucleus, and
S14 was used as the internal reference for genes expressed in the cytoplasm. COAD: Colon adenocarcinoma; READ: Rectum adenocarcinoma.

cell lines compared to FHC cells (Figure 1D). RT-PCR also confirmed that TNFRSF10A-AS1 was
upregulated in CRC tissues and cells (Figure 1C). We further explored the cellular localization of
TNFRSF10A-AS1 in DLD1 and HCT116 cells. qRT-PCR results showed that TNFRSF10A-AS1 was
predominantly found in the cytoplasm (Figure 1E), which indicated that TNFRSF10A-AS1 might
function in the cytoplasm. In addition, we analyzed associations between TNFRSF10A-AS1 and
clinicopathological features of CRC patients and found that the upregulation of TNFRSF10A-AS1 was
associated with advanced T grade and tumor size (Table 2). Collectively, the above findings indicated
that TNFRSF10A-AS1 was increased in CRC and might be involved in colorectal carcinogenesis as an
oncogene.

TNFRSF10A-AS1 promotes colon cancer cell proliferation, migration and invasion as well as inhibits
cell apoptosis

To explore the biological function of TNFRSF10A-AS1 in colon cancer cells, we first designed a siRNA
against TNFRSF10A-AS1, a short hairpin RNA (shRNA) against TNFRSF10A-AS1 and a lentiviral
overexpression vector for TNFRSF10A-AS1. Silencing TNFRSF10A-AS1 in DLD1 and HT29 cells
significantly inhibited cell viability and clonogenicity, whereas ectopic expression of TNFRSF10A-AS1
in HCT116 and SW480 cells significantly promoted cell viability and clonogenicity (Figure 2A and B).
We also conducted flow cytometry to clarify the role of TNFRSF10A-AS1 in cell cycle distribution.
Knockdown of TNFRSF10A-ASI led to a significant increase in G1 phase cells and a decrease in S-phase
cells in both DLD1 and HT?29 cells. In contrast, the opposite results were exhibited in both HCT116 and
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Figure 2 TNFRSF10A-AS1 promotes colon cancer cell proliferation, migration and invasion as well as inhibits cell apoptosis in vitro. A
and B: Downregulation of TNFRSF10A-AS1 decreased cell viability and clonogenicity in DLD1 and HT29 cells, whereas upregulation of TNFRSF10A-AS1 greatly
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increased cell viability and clonogenicity in HCT116 and SW480 cells; C: Silencing TNFRSF10A-AS1 arrested cells at the G1/S transition, whereas overexpressing
TNFRSF10A-AS1 facilitated this transition; D: Downregulation of TNFRSF10A-AS1 enhanced cell apoptosis, whereas upregulation of TNFRSF10A-AS1 inhibited cell
apoptosis; E: Western blot analysis showed that TNFRSF10A-AS1 knockdown decreased the expression of cyclin D1 and PCNA but increased the activation of
caspase-3 and PARP, whereas TNFRSF10A-AS1 overexpression had the opposite effect; F and G: Silencing TNFRSF10A-AS1 suppressed DLD1 and HT29 cell
migration and invasion abilities, whereas these abilities were significantly enhanced by overexpressing TNFRSF10A-AS1 in HCT116 and SW480 cells.
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SW480 cells with overexpression of TNFRSF10A-AS1 (Figure 2C). Moreover, Western blot analysis
revealed that downregulation of TNFRSF10A-AS]1 decreased cyclin D1 and PCNA expression, while the
upregulation of TNFRSF10A-AS1 increased cyclin D1 and PCNA expression (Figure 2E). In general,
genes that promote proliferation can suppress cell apoptosis. Therefore, we conducted Annexin V-
APC/PI staining and Western blot analysis to test the impact of TNFRSF10A-AS1 on the apoptosis of
colon cancer cells. The results showed that downregulation of TNFRSF10A-AS] increased the apoptosis
rate and the expression of the cleaved forms of caspase-3 and PARP, which are markers of cell
apoptosis, whereas upregulation of TNFRSF10A-AS1 led to the opposite effects (Figure 2D and E).

In addition to malignant proliferation, tumor cells also exhibit migration and invasion abilities.
Therefore, we performed Transwell assays with or without Matrigel to explore the impact of
TNFRSF10A-AS1 on the migration and invasion properties of colon cancer cells. Downregulation of
TNFRSF10A-AS1 markedly suppressed the migration and invasion abilities of DLD1 and HT?29 cells,
whereas overexpressing TNFRSF10A-AS1 significantly enhanced the abilities of HCT116 and SW480
cells (Figure 2F and G). Therefore, these findings demonstrated that TNFRSF10A-AS1 exerted a cancer-
promoting role in CRC, prompting further investigations of its potential regulatory mechanisms.

miR-3121-3p is downregulated in CRC

The above findings suggested that TNFRSF10A-AS1 might play a tumor-promoting role in the
cytoplasm. Thus, we explored the potential molecular mechanism of TNFRSF10A-AS1 based on the
ceRNA mechanism. We first predicted potential target miRNAs of TNFRSF10A-AS1 by using miRNA
target prediction tools, including miRDB, DIANA and LncRNAMAP. The prediction results of the three
databases yielded 15 candidate miRNAs (Figure 3A). Among them, miR-3121-3p expression was
upregulated in TNFRSF10A-AS]1-deficient cells and downregulated in TNFRSF10A-AS1-overexpressing
cells, consistent with the ceRNA mechanism theory (Figure 3B). Subsequently, we performed qRT-PCR
to evaluate miR-3121-3p expression in CRC tissues, which indicated significant downregulation of miR-
3121-3p in colorectal tumor tissues compared to matched nontumor tissues (Figure 3C). We further
confirmed the interaction between TNFRSF10A-AS1 and miR-3121-3p using a dual-luciferase reporter
assay (Figure 3E). Luciferase activity was reduced in cells cotransfected with TNFRSF10A-AS1-WT and
the miR-3121-3p mimics, whereas there was no difference between cells cotransfected with TNFRSF10A-
AS1-MUT and the miR-3121-3p mimics and cells cotransfected with TNFRSF10A-AS1-MUT and mimics
NC (Figure 3F). Finally, we analyzed the correlation between miR-3121-3p levels and the clinicopatho-
logical features of CRC patients and discovered that downregulation of miR-3121-3p was associated
with large tumor size (Table 3). These results suggested that miR-3121-3p might be a tumor suppressor
and exert an inhibitory effect on CRC.

miR-3121-3p inhibits the proliferation, migration and invasion of colon cancer cells by silencing HuR
Because there are few studies related to miR-3121-3p and no relevant studies in CRC, we set out to
investigate the function and mechanism of miR-3121-3p in CRC. We first predicted the downstream
proteins of miR-3121-3p using four online databases, i.e., miRDB, TargetScan, miRTarBase and RNA22,
and then obtained 3 candidate genes (ELAVL1, PLEKHAG6 and ATL3) after taking the intersection
(Figure 4A). Of the three candidate genes, ELAVL1 (HuR) has been demonstrated to be involved in CRC
progression and may act as an oncogene in CRC. qRT-PCR showed that the expression of miR-3121-3p
was relatively lower in DLD1 cells and higher in HCT116 cells (Figure 3D). Thus, we selected DLD1
cells and HCT116 cells for transfection with miR-3121-3p mimics and inhibitor, respectively, to further
identify the effects of miR-3121-3p on the malignant phenotype of CRC. Experimental results at both the
mRNA and protein levels indicated that upregulation of miR-3121-3p decreased HuR expression,
whereas downregulation of miR-3121-3p increased HuR expression (Figure 4B), suggesting that HuR
might be a downstream target protein of miR-3121-3p.

We next studied the impacts of miR-3121-3p on the biological function of colon cancer cells. Growth
curves based on the CCK-8 assay displayed that upregulation of miR-3121-3p suppressed the prolif-
eration and viability of DLD1 cells, whereas downregulation of miR-3121-3p enhanced the proliferation
and viability of HCT116 cells (Figure 4C). The colony number of DLD1 cells transfected with the miR-
3121-3p mimics was significantly lower than that of the control group, whereas the colony number of
HCT116 cells transfected with the miR-3121-3p inhibitor was significantly higher than the control group
(Figure 4D). In addition, Transwell assays indicated that upregulation of miR-3121-3p in DLD1 cells
significantly impaired the migration and invasion abilities, whereas downregulation of miR-3121-3p in
HCT116 cells significantly enhanced these abilities (Figure 4E). In summary, the above results confirmed
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Table 3 Associations between miR-3121-3p levels and clinicopathological features in colorectal cancer patients

miR-3121-3p expression

Characteristics Case P value
Low High

Age (yr) 0.751

<60 18 10 8

260 22 10 12

Gender 0.751

Male 22 12 10

Female 18 8 10

Tumor location 1.000

Colon 19 10 9

Rectum 21 10 11

Tumor size (cm) 0.010"

25 21 15 6

<5 19 B 14

T grade 0.082

T1+ T2 12 9 3

T3 + T4 28 11 17

TNM stage 0.716

[-II 30 14 16

MI-IV 10 6 4

Histological grade 1.000

Low 6 3 3

Middle-High 34 17 17

4P <0.05.
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that miR-3121-3p played a suppressive effect in the malignant phenotype of CRC, including aberrant
proliferation and metastasis.

TNFRSF10A-AS1 accelerates the proliferation, migration and invasion of colon cancer cells via the
miR-3121-3p/HuR axis

We performed rescue experiments using miR-3121-3p mimics and inhibitor with the aim of verifying
whether TNFRSF10A-ASI exerts a tumor-promoting effect through the miR-3121-3p/HuR axis. We first
examined HuR expression at the mRNA and protein levels. Silencing TNFRSF10A-AS1 decreased the
mRNA and protein levels of HuR in DLD1 cells, whereas overexpressing TNFRSF10A-AS1 in HCT116
cells enhanced HuR expression. In addition, the miR-3121-3p inhibitor and mimics reversed the
regulatory effects on HuR expression caused by TNFRSF10A-AS1 silencing and overexpression,
respectively (Figure 5A). Furthermore, we sought to clarify whether the miR-3121-3p mimics and
inhibitor reverse the impacts of TNFRSF10A-AS1 on CRC biological functions. All the experiments
results, including CCK-8, colony formation as well as Transwell assays, indicated that the suppressive
impacts on DLD1 cells caused by TNFRSF10A-AS1 knockdown could be balanced by miR-3121-3p
inhibitor, while miR-3121-3p mimics could counteract the promoting effect of TNFRSF10A-AS1 overex-
pression on HCT116 cells (Figure 5B-E). The above results indicated that the miR-3121-3p/HuR
regulatory axis might be one of the mechanisms by which TNFRSF10A-AS1 promoted CRC prolif-
eration, migration and invasion.

TNFRSF10A-AS1 promotes CRC growth in vivo

Given that the above in vitro experimental results suggested that TNFRSF10A-AS1 had a tumor-
promoting effect on colon cancer cells, we selected TNFRSF10A-AS1-deficient DLD1 cells and
TNFRSF10A-AS1-overexpressing HCT116 cells for tumor xenograft experiments to verify the effect of
TNFRSF10A-AS1 in vivo. Consistent with the results of in vitro experiments, we found that the downreg-
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Figure 3 miR-3121-3p is downregulated in colorectal cancer. A: We used three websites (miRDB, DIANA and LncRNAMAP) to predict 15 microRNAs with
binding sites for TNFRSF10A-AS1; B: miR-3121-3p expression was increased in cells transfected with si-Inc and decreased in cells transfected with oe-Inc; C: miR-
3121-3p was downregulated in colorectal cancer tumor tissues compared to matched nontumor tissues (n = 40); D: Levels of miR-3121-3p in colon cancer cell lines
were detected by quantitative real-time polymerase chain reaction; E: Schematic illustration of the predicted binding sites of miR-3121-3p in the TNFRSF10A-AS1
sequence; F: Relative luciferase activities after cotransfection with TNFRSF10A-AS1-WT, TNFRSF10A-AS1-MUT, miR-3121-3p mimics or NC in DLD1 cells. WT:
Wild-type; MUT: Mutant.
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ulation of TNFRSF10A-AS1 significantly reduced the tumor size and weight of DLD1 xenografts
(Figure 6A), whereas upregulation of TNFRSF10A-AS1 markedly promoted HCT116 xenograft growth
(Figure 6B). Moreover, IHC assays demonstrated that downregulation of TNFRSF10A-AS1 reduced the
expression of the Ki-67 proliferation marker in xenograft tumor tissues, whereas upregulation of
TNFRSF10A-AS1 produced the opposite effect (Figure 6C). qRT-PCR, Western blot and IHC analyses all
revealed that HuR expression was downregulated in TNFRSF10A-AS]1-deficient xenograft tumor tissues
but upregulated in TNFRSF10A-AS1-overexpressing xenograft tumor tissues (Figure 6C-E). Western
blot analysis of tissue samples from CRC patients also showed that HuR was increased in tumor tissues
compared to paired nontumor tissues (Figure 6F). Therefore, these in vivo results further supported the
tumor-promoting role of TNFRSF10A-AS1 in CRC, which functioned at least in part as a molecular
sponge of miR-3121-3p to upregulate HuR expression.

DISCUSSION

In this study, we first uncovered TNFRSF10A-AS1 as an oncogene that participated in colorectal
carcinogenesis and progression. Although the available findings have demonstrated that TNFRSF10A-
ASl is involved in the autophagic mechanism of CRC as well as gastric cancer prognosis, the current
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Figure 4 miR-3121-3p suppresses colon cancer cell proliferation, migration and invasion in vitro. A: Four websites (miRDB, TargetScan,
miRTarBase and RNA22) were used to predict 3 downstream target mRNAs with binding sites for miR-3121-3p; B: HuR expression was assessed in DLD1 and
HCT116 cells transfected with miR-3121-3p mimics, miR-3121-3p inhibitor or NC using quantitative real-time polymerase chain reaction and Western blot assays; C
and D: miR-3121-3p mimics inhibited cell viability and clonogenicity, but miR-3121-3p inhibitor enhanced cell viability and clonogenicity; E: Upregulation of miR-3121-
3p inhibited cell migration and invasion capabilities, whereas downregulation of miR-3121-3p enhanced these capabilities.

Jaishideng®

WIG |

evidence is all based on the analysis of TCGA data, and its functional roles and detailed mechanisms in
CRC cannot be determined. Our study showed that TNFRSF10A-AS1 was upregulated in CRC and the
upregulation of TNFRSF10A-AS1 was associated with advanced tumor size and T grade. In functional
experiments both in vitro and in vivo, we found that TNFRSF10A-AS1 enhanced the malignant
phenotype of colon cancer cells. Regarding the molecular mechanism of TNFRSF10A-AS1, we identified
miR-3121-3p by bioinformatics analyses and verified the direct interaction between TNFRSF10A-AS1
and miR-3121-3p by dual-luciferase reporter assays. In contrast to TNFRSF10A-AS1, miR-3121-3p was
downregulated in CRC, negatively associated with the tumor size as well as exerted inhibitory effects
on the malignant phenotype of colon cancer cells, which is consistent with ceRNA mechanism theory.
Mechanistically, one of the ways in which TNFRSF10A-AS1 exerted its pro-cancer effects was through
sponging miR-3121-3p. By binding to miR-3121-3p, TNFRSF10A-AS1 attenuated the silencing effect of
miR-3121-3p on its downstream target gene, HuR. Taken together, our findings provide evidence for an
important role of TNFRSF10A-AS1 and the TNFRSF10A-AS1/miR-3121-3p/HuR axis in CRC
progression, thereby providing a theoretical basis for the diagnosis and treatment of CRC.

ceRNA is an important regulatory mode of cytoplasmic IncRNA. Here, after confirming that
TNFRSF10A-AS1 was more abundant in the cytoplasm of CRC cell lines, we used online tools to predict
potential target miRNAs of TNFRSF10A-AS1. We further validated the expression relationship between
TNFRSF10A-AS1 and candidate miRNAs, and we discovered that miR-3121-3p might be a downstream
target miRNA of TNFRSF10A-AS1. And the dual-luciferase reporter assay further confirmed that
TNFRSF10A-AS1 might function as the molecular sponge of miR-3121-3p. In the IncRNA-miRNA-
mRNA network, miRNAs, as intermediate mediators, exert biological effects by modulating
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Figure 5 TNFRSF10A-AS1 promotes colon cancer cell proliferation, migration and invasion via the miR-3121-3p/HuR axis. A: HuR was
evaluated in DLD1 and HCT116 cells transfected with miR-3121-3p mimics, miR-3121-3p inhibitor, NC, sh-Inc or oe-Inc; B and C: Cell proliferation abilities were
estimated using Counting Kit-8 and colony formation assays in DLD1 and HCT116 cells transfected with miR-3121-3p mimics, miR-3121-3p inhibitor, NC, sh-Inc or
oe-Inc; D and E: Transwell assays were performed to analyze cell migration and invasion abilities in DLD1 and HCT116 cells transfected with miR-3121-3p mimics,
miR-3121-3p inhibitor, NC, sh-Inc or oe-Inc.
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downstream target proteins. After experimental evidence established that TNFRSF10A-AS1 could
sponge miR-3121-3p, we explored its effector genes. Among candidate target genes predicted by target
prediction software, only HuR has been shown previously to regulate CRC progression, and our results
also verified that miR-3121-3p exerted a negative regulatory effect on HuR expression. Rescue
experiments also confirmed that miR-3121-3p mimics and inhibitor counteracted the regulatory effects
of TNFRSF10A-AS1 overexpression and knockdown, respectively, on HuR expression, cell proliferation,
migration ability and invasion ability. Thus, one of the mechanisms by which TNFRSF10A-AS1 acts may
be as a molecular sponge for miR-3121-3p, which upregulates HuR expression and ultimately promotes
colorectal carcinogenesis and progression.

HuR, a cancer-associated RNA-binding protein (RBP), is a member of the embryonic lethal abnormal
vision (ELAV) family, and it increases mRNA stability by binding to conserved AU-rich elements
(AREs) within 3’ untranslated regions (UTRs), thereby preventing gene degradation[12]. HuR
expression is upregulated in different tumors, including breast cancer, CRC, gastric cancer and prostate
cancer, and it is correlated with advanced clinicopathological parameters, expression of tumor-
associated proteins, a low survival rate and poor prognosis[13-16]. CRC-related studies show that HuR
is upregulated and promotes colon cancer growth by targeting RNA in the cytoplasm[17]. In addition,
increased HuR protein in the cytoplasm is correlated with T stage, and importantly, HuR overex-
pression increases the growth of colon cancer cells in nude mouse models[18]. A recent study has
revealed that miR-22, as a tumor suppressive miRNA, directly binds to HuR and downregulates its
expression to inhibit proliferation and migration abilities of CRC, as well as xenogeneic tumor growth
[19]. Through our experimental research, we found that the upstream IncRNA TNFRSF10A-AS1
sponged an important tumor suppressive miRNA in CRC, miR-3121-3p, which negatively regulated
HuR expression. Consistent with previous studies, HuR was highly expressed in CRC. Our study
results further suggested that the expression of HuR might be positively regulated by the upstream
molecular TNFRSF10A-AS1, which might be one of the mechanisms by which TNFRSF10A-AS1 exerted
a pro-cancer effect in CRC.

Based on the results of comprehensive analyses, including bioinformatics analyses, cell functional
experiments and clinical research tools, we have sufficient evidence that TNFRSF10A-AS1 is a novel
oncogene that promotes tumor malignancy in CRC. Mechanistically, TNFRSF10A-AS1 regulates the
expression of the downstream target, HuR, by sponging miR-3121-3p, which further promotes CRC
progression. Targeting the TNFRSF10A-AS1/miR-3121-3p/HuR axis may have potential therapeutic
implications for CRC.

WJG | https://www.wjgnet.com 2197 May 28,2022 | Volume?28 | Issue20 |



Wang DD et al. The pathogenesis of TNFRSF10A-AS1 in CRC

A —~ B —~
E 800~ - Sh-NC T 500-+Veﬁg(r:
3 00 ~sh-Inc E 400" %
[0} ()
sh-NC S 400] p<o0.0001 Vector § 391 p<o.0001
] <U S 200+
g 200 ‘g- 100
B e e 2 0
46 81012 1416 6 8 10121416
Days Days
sh-Inc oe-Inc 0.8- P <001
2 0.61
<
T 0.4
sh-NC ‘ 2| 2 04 Vector Q z
@ & ® ¢ & : P<0.01 > o e = -
2 02 E
S i ~ 0.04
shinc | @ @ & @ 8 =00 oeinc | & ¥ 8 4 o 0.0
v g sh-NC  sh-Inc Vector  oe-Inc
C Xenograft-HCT116 Xenograft-DLD1 Xenograft-HCT116
Vector oe-Inc Wsh-NC HVector
80~ Hsh-Inc 80 Moe-Inc p< .01
o 60 0.0 60
5% P<0.01
Ki67 e E\E 40 : 40
28 20] 20/
0 0.
Msh-NC IVec’?or
80+ Wsh-Inc 100+ Moe ncP< 0.001
2 604 801
£ 60
[
@ 401 P<0.0001 4]
2 20 20-
0- 0-
2.0m P <0.001 E
=
1.5=
c
7 & & $ &
4 5 iy & ¢
5 1.0 2 5 R\ 3
% P <0.001 HuR “ || e -
T 0.5= — s
GAPDH ’; .{ -—
0.0 T
sh-NC sh-Inc Vector oe-Inc DLD1 HCT116
DLD1 HCT116
F N1 T1 N2 T2 N3 T3 N4 T4 N5 T5 N6 T6 N7 T7 N8 T8
HUR‘—'—--—--- -————H—-—- ——--‘

GAPDH I ---—-----J ‘__—- &‘W

DOI: 10.3748/wjg.v28.i20.2184 Copyright © The Author(s) 2022.

Figure 6 TNFRSF10A-AS1 promotes the growth of colorectal cancer in vivo. A and B: Tumor volume and weight were significantly decreased in the
TNFRSF10A-AS1 knockdown group but markedly increased in the TNFRSF10A-AS1 overexpression group; C-E: TNFRSF10A-AS1 enhanced cell proliferation (as
assessed by Ki67 staining) and increased HuR expression (as assessed by HuR staining, quantitative real-time polymerase chain reaction and Western blot) in
xenograft tumor tissues; F: HUR was upregulated in colorectal cancer patient tumor tissues compared to matched nontumor tissues by Western blot analysis.

JBaishideng®

CONCLUSION

TNFRSF10A-AS1 as a ceRNA promotes tumor malignancy of CRC through the miR-3121-3p/HuR axis.
TNFRSF10A-AS1/miR-3121-3p/HuR axis may provide more effective targets for CRC therapy.
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ARTICLE HIGHLIGHTS

Research background
The critical importance of long noncoding RNAs (IncRNAs) to the onset and exacerbation of colorectal
cancer (CRC) has been validated in an increasing number of studies. However, numerous IncRNAs
associated with CRC remain unidentified and the detailed mechanisms remain poorly understood.
TNFRSF10A-AS1 is a new IncRNA, the function in CRC and gastric cancer is inconsistent and the exact
mechanism is unclear.

Research motivation
The present study will clarify the oncogenic pathogenesis of TNFRSF10A-AS1 in CRC progression,
leading to new ideas for CRC therapy.

Research objectives

To detect TNFRSF10A-AS1 expression in CRC and investigate the functions and potential mechanisms
of TNFRSF10A-AS1 in CRC onset and exacerbation.

Research methods

In this study, the authors detected TNFRSF10A-AS1 expression in CRC and clarified the relationship
between TNFRSF10A-ASI levels and clinicopathological features of CRC patients. Furthermore, a series
of functional experiments both in vitro and in vivo were performed to explore the role of TNFRSF10A-
AS1. The mechanism of TNFRSF10A-AS1 mainly focused on its role as a miRNA molecular sponge.

Research results

TNFRSF10A-AS1 expression was increased in CRC and positively associated with advanced tumor size
and T grade of CRC patients. TNFRSF10A-AS1 enhanced the malignant phenotype of colon cancer cells
by promoting CRC proliferation and metastasis. Mechanistically, TNFRSF10A-AS1 was more abundant
in the cytoplasm and upregulated the downstream target, HuR, by sponging miR-3121-3p, ultimately
promoting CRC progression.

Research conclusions

TNFRSF10A-AS1 upregulates HuR expression by sponging miR-3121-3p, ultimately promoting
colorectal tumorigenesis and progression. Therefore, TNFRSF10A-AS1 and the TNFRSF10A-AS1/miR-
3121-3p/HuR axis may play an important role in CRC onset and exacerbation.

Research perspectives
Targeting TNFRSF10A-AS1 and the TNFRSF10A-AS1/miR-3121-3p/HuR axis may have potential novel
therapeutic implications for CRC.
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Abstract

BACKGROUND

Patients with primary sclerosing cholangitis (PSC) are at a high risk of developing
cholestatic liver disease and biliary cancer, and endoscopy is crucial for the
complex management of these patients.

AIM
To clarify the utility of recently introduced digital single-operator video cholan-
gioscopy (SOVC) for the endoscopic management of PSC patients.

METHODS

In this observational study, all patients with a history of PSC and in whom digital
SOVC (using the SpyGlass DS System) was performed between 2015 and 2019
were included and retrospectively analysed. Examinations were performed at a
tertiary referral centre in Germany. In total, 46 SOVCs performed in 38 patients
with a history of PSC were identified. The primary endpoint was the evaluation of
dominant biliary strictures using digital SOVC, and the secondary endpoints were
the performance of selective guidewire passage across biliary strictures and the
diagnosis and treatment of biliary stone disease in PSC patients.

RESULTS

The 22 of 38 patients had a dominant biliary stricture (57.9%). In 4 of these 22
patients, a cholangiocellular carcinoma was diagnosed within the stricture
(18.2%). Diagnostic evaluation of dominant biliary strictures using optical signs
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showed a sensitivity of 75% and a specificity of 94.4% to detect malignant strictures, whereas
SOVC-guided biopsies to gain tissue for histopathological analysis showed a sensitivity of 50%
and a specificity of 100%. In 13% of examinations, SOVC was helpful for guidewire passage across
biliary strictures that could not be passed by conventional methods (technical success rate 100%).
Biliary stone disease was observed in 17.4% of examinations; of these, in 37.5% of examinations,
biliary stones could only be visualized by SOVC and not by standard fluoroscopy. Biliary stone
treatment was successful in all cases (100%); 25% required SOV C-assisted electrohydraulic
lithotripsy. Complications, such as postinterventional cholangitis and pancreatitis, occurred in 13%
of examinations; however, no procedure-associated mortality occurred.

CONCLUSION
Digital SOVC is effective and safe for the endoscopic management of PSC patients and may be
regularly considered an additive tool for the complex endoscopic management of these patients.

Key Words: Cholangitis; Sclerosing; Biliary tract diseases; Biliary strictures; Endoscopy; Gastrointestinal;
Cholangioscopy; Digital single-operator video cholangioscopy

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

Core Tip: Endoscopic management of patients with primary sclerosing cholangitis (PSC) is complex; our
study is the first to evaluate the utility of single-operator video cholangioscopy (SOVC) with digital
imaging quality in these patients. Our data indicate that the use of digital SOVC in PSC patients substan-
tially improves the evaluation of biliary strictures and that SOVC effectively supports interventions, such
as stricture dilation and biliary stone treatment, in PSC patients; mild to moderate complications occurred
in a minority of cases. Concluding digital SOVC may be effective and safe as an additive tool for the
complex endoscopic management of PSC patients.

Citation: Bokemeyer A, Lenze F, Stoica V, Sensoy TS, Kabar I, Schmidt H, Ullerich H. Digital single-operator
video cholangioscopy improves endoscopic management in patients with primary sclerosing cholangitis-a
retrospective observational study. World J Gastroenterol 2022; 28(20): 2201-2213

URL: https://www.wjgnet.com/1007-9327/full/v28/i20/2201.htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i20.2201

INTRODUCTION

Primary sclerosing cholangitis (PSC) is an immune-mediated chronic liver disease characterized by
inflammatory, fibrotic, and destructive changes of the bile ducts, leading to cholestasis, biliary stricture
development and hepatic fibrosis. Because of the chronic disease course, PSC patients are at a high risk
of developing liver cirrhosis and cholangiocellular carcinoma (CCC)[1,2]. Although PSC patients do not
regularly show clinical symptoms in early disease, those with advanced disease often develop typical
clinical symptoms including right upper quadrant pain (20%), pruritus (10%), jaundice (6%) and fatigue
(6%)[1]. Endoscopy is crucial for the diagnostic and therapeutic management of PSC patients, as
documented by recent guidelines[2,3]. Standard endoscopic management of PSC patients includes
endoscopic retrograde cholangiography (ERC) and is often challenging. In particular, standard
endoscopic management is required in patients with biliary strictures: Diagnostic assessment of
strictures may become necessary to exclude malignancy, and therapeutic interventions, including
stricture dilation to improve cholestatic disease, may be needed[2,3]. Despite endoscopic treatment, PSC
patients may develop advanced liver cirrhosis requiring organ transplantation[4], revealing the unmet
need for additional therapeutic options.

Cholangioscopic techniques have progressed in recent years. In 2015, the first digital single-operator
video cholangioscope (SpyGlass™ DS System, Boston Scientific, Marlborough, MA, United States) was
released[5]. Compared with the previous fibre-optic system, this digital single-operator video cholan-
gioscopy (SOVC) instrument is armed with digital imaging, enabling up to four-times higher resolution,
a 60% wider field of view, improved manoeuvrability, and irrigation capacities to clean the field of view
[5-9]. Furthermore, forceps biopsies are available, allowing SOVC-guided tissue sampling[5,6,8,9],
guidewires can be selectively passed across biliary strictures to allow subsequent interventions[8], and
SOVC-assisted lithotripsy devices are ready to treat biliary stone disease[10]. Recently, digital SOVC
was technically updated, leading to further advances in lighting and image resolution (SpyGlassDS 2.0;
Boston Scientific, Marlborough, MA, United States).
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The latest guidelines state that intraductal cholangioscopy can help to diagnose indeterminate biliary
strictures in PSC patients and that cholangioscopy may be useful for tissue sampling[2,3]. However, the
data are rare, and no study thus far has reported the use of newly introduced digital SOVC in PSC
patients. Considering the superior imaging quality and manoeuvrability of digital SOVC instruments,
further research is required to address the question of whether digital SOVC may offer an effective
additive endoscopic treatment in these patients.

Therefore, this study aimed to evaluate the efficacy and safety of digital SOVC for the diagnostic and
interventional endoscopic management of patients with PSC.

MATERIALS AND METHODS

Study design and inclusion criteria

This retrospective, monocentre study was performed at the Department of Medicine B for Gastroen-
terology, Hepatology, Endocrinology and Clinical Infectiology of the University Hospital Muenster,
Germany. The data from all patients > 18 years of age and with a previously diagnosed PSC who had
undergone digital SOVC using the SpyGlass DS System (Boston Scientific, Marlborough, MA, United
States) between December 2015 and November 2019 were retrieved from the clinical data systems. PSC
diagnosis was previously known and not initially established during performed SOVC examinations.
Biliary tract cancer was not previously diagnosed in these patients; likewise, IgG4-related sclerosing
cholangitis was not known in our patient cohort. The study conformed to the ethical guidelines of the
1975 Declaration of Helsinki and was approved by the Ethics Board of the Westphalian Wilhelms-
University of Muenster and Medical Council of Westphalia-Lippe, Germany. To minimize known
sources of bias, this trial was reported according to the STROBE statement, wherever appropriate and
applicable[11].

Technical aspects of digital single-operator video cholangioscopy

Cholangioscopies were performed by highly experienced endoscopists according to the generally
accepted guidelines using an ERC case volume exceeding 200/ year and performing ERC procedures for
at least five years[12]. Before examination, all the patients received prophylactic antibiotic treatment;
nonsteroidal anti-inflammatory drugs (NSAIDs; e.g., indomethacin) were not regularly administered
before the procedure. CO,insufflation was used during all examinations. Before cholangioscopy, an
endoscopic papillotomy was performed, or one had been previously performed. The cholangioscope
(digital SOVC; Boston Scientific, Marlborough, MA, United States) was inserted into the biliary duct in a
guidewire-assisted method; targeted biopsies were acquired using SpyBite forceps (Boston Scientific,
Marlborough, MA, United States). For biliary stone treatment, electrohydraulic lithotripsy (EHL) was
performed using a bipolar lithotripsy 2.4 F catheter probe (Walz Elektrotechnik GmbH, Rohrdorf,
Germany) with saline solution irrigation (SSI) controlled over a dedicated irrigation pump. The probe
produces high-frequency hydraulic pressure waves, resulting in the fragmentation of biliary stones[10,
13].

The primary endpoint of this study was to evaluate the efficacy and safety of digital SOVC to detect
malignancy in dominant biliary strictures in patients with PSC, depending on the visual inspection and
histological evaluation of SOVC-acquired biopsies. According to the European guidelines, strictures
were defined as dominant if they had a diameter smaller than 1.5 mm in the common bile duct and
smaller than 1 mm in the right and left hepatic ducts[14]. Visual signs suggesting malignancy were
documented if the performing endoscopists classified visual findings as suspicious for malignancy in
the presence of irregular vessels, easy bleeding, irregular surfaces and elevated masses protruding into
the duct lumen([15,16]. Acquired biopsy material was analysed by an experienced pathologist and
classified as suspicious for malignancy if cancer cells or high-grade cell dysplasia were detected. The
final diagnosis (reference standard) of biliary stricture dignity was based on a detailed evaluation of all
the available data, including clinical information, cross-sectional imaging reports and histopathological
analyses, which could be found in the electronic patient chart. The median follow-up time was 12 mo
[interquartile range (IQR) 7-27 mo]; during this time, the patients were followed up by repeated checks
of the available electronic medical records.

For secondary endpoint analysis, the use of digital SOVC for the diagnosis and treatment of biliary
stone disease in PSC patients was documented. Furthermore, the use of digital SOVC for selective
guidewire insertion across biliary strictures in cases that were solely performed because of a previous
failure of conventional endoscopic methods to treat a biliary stricture via selective guidewire placement
was evaluated.

Safety analysis

Adverse events following examination were documented as follows: (1) Postinterventional pancreatitis
was defined if patients developed abdominal pain and a threefold increase in the serum lipase levels
within 48 h of the examination[17]; (2) Postinterventional cholangitis was documented as the presence
of new fever (> 38.0 °C) and newly or significantly higher cholestatic and inflammatory markers
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requiring antibiotics within three days of the examination[17]; and (3) Severe bleeding was diagnosed if
bleeding was observed during intervention that required immediate endoscopic therapy or if
haemoglobin level decreased by two points or more[17]. Adverse events were graded as mild,
moderate, or severe, depending on the length of additional hospital stay (mild = 1-3 d, moderate = 4-10
d, severe =>10 d)[17].

Statistical analysis

The data were analysed using IBM SPSS Statistics 27.0 (IBM Corp., Armonk, United States).
Additionally, contingency table-derived data were determined using StatPages[18]. Frequencies and
percentages were recorded for categorical variables; means and standard errors (SEs) were reported for
continuous variables. Missing data are indicated and reported in the text and tables. The statistical
methods of this study were reviewed by Arne Bokemeyer.

RESULTS

Study population

During the study period, 151 ERCs were performed in 72 patients with PSC, and in 30.5% of these ERCs,
digital SOVC was additionally carried out (46/151). These 46 cholangioscopies, conducted in 38 PSC
patients, were included in the final dataset (Figures 1 and 2). The main indication for SOVC use was the
assessment of biliary strictures (80.4%), followed by selective guidewire placement across biliary
strictures (13%) and treatment of biliary stone disease (4.3%). A total of 68.4% of the patients were male,
whereas 31.6% of the patients were female. The mean age was 44.8 years (SE: + 2.1 years). Considering
all patients, the mean period from the initial ERC performed for PSC diagnosis to the performance of the
first SOVC was 99.9 mo (SE + 16.6). A total of 52.6% of the patients had liver cirrhosis, and 29% were
enrolled for liver transplantation. In 10.5% of patients, a final diagnosis of a malignant biliary tumour
was established (Table 1). In these patients, the mean time from initial ERC performed for PSC diagnosis
to the digital SOVC, which was sulfficient to establish bile duct cancer diagnosis, was 71.3 mo (standard
error: + 16.6) with a range of at least 11 mo up to 150 mo.

Of the cholangioscopies, 38 examinations were initial, and 8 were repeated examinations (Table 2).
All the examinations were ERC-based (100%). The median total examination time was 73 min (+ 5.2 min;
missing data in 6/46 examinations). In one case, the digital SOVC system technically failed during
examination and could not be relaunched (2.2%; Table 2).

During SOVC, the main procedures were selective SOVC-assisted guidewire insertions to support
diagnostic assessment and therapeutic interventions of the biliary tract in 84.7% of examinations, SOVC-
assisted forceps biopsy acquisition in 54.3% of examinations, and the performance of SOVC-assisted
EHL for refractory biliary stone disease in 4.3% of examinations. Biliary strictures were dilated in 76.1%
of examinations, and endoprostheses were placed in 10.9% of examinations (Table 2).

Diagnostic efficacy of stricture assessment in PSC using SOVC

Dominant biliary strictures were present in 22 of 38 patients (57.9%; Table 3). Dominant strictures were
mainly localized intrahepatically (59.1%), followed by strictures at the intra- and extrahepatic passages
(27.3%) and extrahepatic strictures (13.6%). In 4 of 22 patients, dominant strictures were of a malignant
entity (18.2%). The malignant strictures were localized at the intra- and extrahepatic crossing in three
patients, and in one patient the stricture was localized intrahepatically at the left hepatic duct. Using
SOVC, visual signs of malignancy could be observed in 18.2% of patients. In 13 of 22 patients, SOVC-
assisted forceps biopsies were obtained (59.1%; Figure 1). In 2 of 13 biopsies, histopathological analysis
revealed signs of malignancy (carcinoma or high-grade dysplasia; 15.4%). In 1 of 13 patients, insufficient
tissue was obtained using forceps biopsies, making an accurate histopathological analysis impossible
(7.7%; Table 3). The visual examination of dominant strictures had an accuracy of 90.9% (CI: 72.8%-
99.2%), a sensitivity of 75% (CI: 25.2%-97.8%), a specificity of 94.4% (83.4%-99.5%), a positive predictive
value of 75% (25.2%-97.8%), and a negative predictive value of 94.4% (83.4%-99.5%; Table 4). Histopath-
ological analysis of SOVC-assisted biopsy acquisition had an accuracy of 83.3% (CI: 57.2%-83.3%), a
sensitivity of 50% (10.8%-50%), a specificity of 100% (80.4%-100%), a positive predictive value of 100%
(21.7%-100%), and a negative predictive value of 80% (64.3%-80%) (Table 4).

Use of SOVC for biliary stone treatment in patients with PSC

In 8 of 46 examinations (17.3%), biliary stones were found (Table 5). Stones were localized intrahepat-
ically (37.5%), extrahepatically (37.5%) and both intra- and extrahepatically (25%). The stone size ranged
between 3 and 20 mm, and the number of stones ranged between 1 and 5 per examination. In 3 of 8 cases
(37.5%), biliary stones were only visualized using SOVC, and standard fluoroscopy failed to detect
biliary stones. In all 8 examinations, biliary stone treatment was finally successful; however, in 2 of 8
examinations (25%), biliary stone disease was refractory to standard ERC methods, including stone
extraction with baskets and/or balloon catheters, which was why EHL was applied for stone
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Table 1 Characteristics of patients with primary sclerosing cholangitis undergoing digital single-operator video cholangioscopy

Variable Patients (n = 38)
Primary sclerosing cholangitis, 7 (%) 38 (100)

Age (in years) 44.8 (£2.1)

Male, n (%) 26 (68.4)

Female, 1 (%) 12 (31.6)

Liver cirrhosis, 1 (%) 20 (52.6)

Enlisted for liver transplantation, 7 (%) 11 (28.9)
Diagnosis of a cholangiocellular carcinoma, 1 (%) 4 (10.5)

DOI: 10.3748/wjg.v28.i20.2201 Copyright © The Author(s) 2022.

Figure 1 Digital single-operator video cholangioscopy-assisted biliary stricture evaluation in a patient with primary sclerosing
cholangitis. A: Using digital single-operator video cholangioscopy (SOVC) enabled the direct visualization of a biliary stricture showing typical signs of chronic

inflammation in a patient with primary sclerosing cholangitis; B and C: To rule out malignancy, multiple SOVC-guided forceps biopsies of the biliary stricture were
obtained.

DOI: 10.3748/wjg.v28.i20.2201 Copyright © The Author(s) 2022.

Figure 2 Selective guidewire placement across a biliary stricture in a patient with primary sclerosing cholangitis using digital single-
operator video cholangioscopy. A: Multiple attempts to pass a biliary stricture in a patient with primary sclerosing cholangitis using conventional selective
guidewire insertion failed, which is why digital single-operator video cholangioscopy (SOVC) was used and helped visualize the stricture; B and C: Under SOVC-
assisted guidance, a guidewire was successfully placed across the biliary stricture, enabling subsequent endoscopic therapy.

fragmentation. In both cases, EHL successfully led to complete stone fragmentation (100%; Table 5).

SOVC-assisted selective guidewire passage across PSC-associated strictures

The 6 of 46 examinations were solely performed because of a previous failure of conventional
endoscopic methods to treat a biliary stricture via selective guidewire placement (13%; Figure 2). Of
these, 5 were initial SOVC procedures, and one was a repeated procedure. The technical success rate of
SOVC-assisted guidewire insertions across biliary strictures was 100%, enabling subsequent dilation of
the stricture (Table 5).
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Table 2 Basic analysis of digital single-operator video cholangioscopies performed in patients with primary sclerosing cholangitis

Variable Digital SOVC (n = 46)
Type of digital SOVC

Initial examinations, 1 (%) 38 (82.6)

Repeated examinations, 1 (%) 8 (17.4)

Main indication for using SOVC

Stricture assessment, 1 (%) 37 (80.4)
Selective guidewire placement, 1 (%) 6 (13)
Cholangiolithiasis, 1 (%) 2(43)
Others, 1 (%) 1(22)
Clinical patient data before SOVC (multiple items permitted)

Prior papillotomy, 1 (%) 41 (89.1)
Elevated serum bilirubin level (> 1.2 mg/dl), n (%) 30 (65.2)
Prior post-ERC-pancreatitis, 1 (%) 10 (21.7)
Type of digital SOVC

ERC-based digital SOVC, n (%) 46 (100)
Total examination time (ERC + digital SOVC; min) 73 (£5.2); n =40/46
Dysfunction of the SOVC-system, 1 (%) 1(22)
Procedures during SOVC-examination (multiple items permitted)

SOV C-assisted guidewire insertion, 1 (%) 39 (84.7)
SOVC-assisted forceps biopsies, 1 (%) 25 (54.3)
SOV C-assisted EHL, 1 (%) 2(4.3)
Additive procedures during ERC-examination (multiple items permitted)

Balloon dilation of the biliary tract, (%) 35 (76.1)
New papillotomy, 7 (%) 7 (15.2)
Conventional transpapillary biopsy, 1 (%) 6 (13.0)
Endoprosthesis placement, 7 (%) 5(10.9)
Periinterventional application of drugs to prevent AE

Antibiotics, 1 (%) 46 (100)
NSAID (Diclofenac/Indomethacin), 1 (%) 6 (13)

SOVC: Single-operator video cholangioscopy; EHL: Electrohydraulic lithotripsy; AE: Adverse event; ERC: Endoscopic retrograde cholangiography;

NSAID: Nonsteroidal anti-inflammatory drug.

Jaishideng®

Adverse events

In 13% of the procedures, adverse events were documented (Table 6). More specifically, postinterven-
tional pancreatitis was observed in 6.5% of cases, of which 67% had a moderate and 33% a severe
disease course. Postinterventional cholangitis occurred in 6.5% of cases, of which all had a moderate
disease course (100%). Other procedure-related adverse events, including severe bleeding or organ
perforations, did not occur. All procedure-related complications could be successfully managed by
conservative therapeutic approaches. No mortality due to procedure-related adverse events occurred.
Because of side effects, patients needed to stay in the hospital for 6.5 more days (SE + 1.5 d) (Table 6).

DISCUSSION

Although a few previous reports evaluated the utility of cholangioscopy in PSC patients in general[19,
20], our study is the first to evaluate the efficacy and safety of SOVC with digital imaging quality in
patients with PSC. Digital SOVC is effective and safe as an additive tool for the complex endoscopic
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Table 3 Evaluation of dominant biliary strictures in patients with primary sclerosing cholangitis using digital single-operator video

cholangioscopy (n = 22)

Variable Dominant strictures (n = 22)

Entity of dominant stricture, n (%)
Benign 18 (81.8)
Malignant 4 (18.2)

Localization of dominant stricture, n (%)

Intrahepatic 13 (59.1)
Extrahepatic 3 (13.6)
Intra- and extrahepatic crossing 6 (27.3)

Visual evaluation of stricture by endoscopists, 1 (%)
Suspicious for malignancy 4(18.2)
Suspicious for benignancy 18 (81.8)

SOVC-guided forceps biopsies, n (%)

Carcinoma/high-grade dysplasia 2(9.1)
Benign findings 10 (45.5)
Inadequate material 1(4.5)

SOVC: Single-operator video cholangioscopy.

Table 4 Diagnostic efficacy of digital single-operator video cholangioscopy for diagnosing malignancy in dominant biliary strictures in

patients with primary sclerosing cholangitis (n = 22; cholangioscopic-assisted visual evaluation, n = 22 and cholangioscopic-guided
biopsies, n = 12)

Pos. pred. value Neg. pred. value

Variable Accuracy (%) Sensitivity (%) Specificity (%) (%) (%)

() 0
Visual evaluation (95%CI)  90.9 (72.8-99.2) 75 (25.2-97.8) 94.4 (83.4-99.5) 75 (25.2-97.8) 94.4 (83.4-99.5)
Histological evaluation 83.3 (57.2-83.3) 50 (10.8-50.0) 100 (80.4-100) 100 (21.7-100) 80 (64.3-80)
(95%Cl)

95%CI: 95% confidence interval; pos.: Positive; neg.: Negative; pred.: Predictive.

management of these patients. In addition to evaluating biliary strictures, digital SOVC facilitates
interventions to the biliary tract because of selective guidewire placements across biliary strictures and
helps to diagnose and treat biliary stone disease.

Stricture assessment of biliary strictures in PSC patients is critical to excluding malignancy: PSC
patients have a lifetime risk of developing CCC of up to 20%[2]. Clinical judgement, laboratory markers,
and cross-sectional imaging are insufficient to exclude malignancy, explaining why endoscopic
evaluation, including tissue sampling, becomes necessary[2,3,21]. If a standard work-up including ERC
with transpapillary tissue sampling fails to determine stricture aetiology, the performance of peroral
cholangioscopy is suggested[21]. Visual interpretation of biliary strictures using cholangioscopy may
help diagnose indeterminate biliary strictures: A recent meta-analysis including 283 procedures with
digital SOVC in unselected patients found a sensitivity of 94% and a specificity of 95% in detecting
malignancy in biliary strictures[22]. In addition to optical evaluation, cholangioscopic-guided biopsies
can be obtained: Another recent meta-analysis in unselected patients found a sensitivity of 72% and a
specificity of 99% in diagnosing biliary malignancy using cholangioscopy-guided biopsies[23]. Despite
these promising results in unselected patients, the results in selected PSC patients might be different: A
prospective trial using legacy fibreoptic SOVC in 47 patients with PSC evaluated the use of SOVC-
assisted forceps biopsies and found a sensitivity of only 33% and a specificity of 100% in detecting
malignant biliary strictures[20]. In our study, visual evaluation of indeterminate biliary strictures
identified malignancy with a sensitivity of 75% and a specificity of 94% and histopathological analysis
of SOVC-guided biopsies showed a sensitivity of 50% and specificity of 100%. In comparison, our study
showed a lower sensitivity and specificity of visual and bioptical stricture assessment than those in
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Table 5 Diagnosis and treatment of biliary stone disease and performance of selective guidewire placements across biliary strictures

(with a previous failure of conventional endoscopic methods to pass a guidewire) using digital single-operator video cholangioscopy in
patients with primary sclerosing cholangitis

Variable Examinations (n = 46)
Cholangiolithiasis, 1 (%) 8/46 (17.3)
Localization

Extrahepatic, 1 (%) 3/8 (37.5)
Intrahepatic, n (%) 3/8 (37.5)
Intra- and extrahepatic, 1 (%) 2/8 (25)
Stone size (range) 3-20 mm
Stone number (range) 1-5
Treatment

Complete success (conventional + EHL), n (%) 8/8 (100)
Success only via use of EHL, 1 (%) 2/8 (25)
Stone identification only via SOVC, n (%) 3/8 (37.5)
Selective guidewire insertion across biliary strictures, 7 (%) 6/46 (13)

Kind of procedures

Initial examinations, 1 (%) 5/6 (83.3)
Repeated examinations, 1 (%) 1/6 (16.7)
Technical success, 1 (%) 6/6 (100)

EHL: Electrohydraulic lithotripsy; SOVC: Single-operator video cholangioscopy.

Table 6 Safety data of digital single-operator video cholangioscopies in patients with primary sclerosing cholangitis

Variable Digital SOVCs (n = 46)
Overall complications, 1 (%) 6 (13)
Pancreatitis, n (%) 3 (6.5)
Grade 1 0 (0)
Grade 2 2 (4.3)
Grade 3 1(2.2)
Cholangitis, n (%) 3 (6.5)
Grade 1 0 (0)
Grade 2 3 (6.5)
Grade 3 0 (0)
Others (bleeding/ perforation), n (%) 0(0)
Procedure-related mortality, 1 (%) 0(0)
Suspected prolonged hospital stay due to complications (in days) 6.5 (x1.5)

SOVC: Single-operator video cholangioscopy.

previous studies in unselected patients using SOVC. However, comparing our results to previous
studies with fibreoptic SOVC including only selected PSC patients, our sensitivity and specificity rates
for the diagnostic evaluation of biliary strictures might be improved. As a limitation, digital SOVCs
might only be advanced with difficulties to all intrahepatic strictures due to the decreasing lumen of the
proximal bile ducts making proximal intrahepatic ducts partially inaccessible for cholangioscopic
assessment. To guide cholangioscopy intrahepatically, the use of guidewires can help to advance the
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cholangioscope to more proximal localized strictures.

In conclusion, this study shows that using SOVC with digital imaging quality may significantly
improve the diagnostic evaluation of indeterminate strictures in PSC patients. However, validated
criteria for optical evaluation of strictures are missing and may be particularly needed in stricture
evaluation of PSC patients because inflammatory tissue alterations of the bile ducts hinder easy
evaluation of biliary stricture aetiology. Furthermore, no consensus exists concerning the number of
biopsies that should be obtained to ensure adequate biopsy material[24]. Speculatively, the sensitivity
rates of histopathological evaluation may be improved by a higher number of SOVC-guided biopsies
[25]; furthermore, larger forceps biopsies for digital SOVC were recently introduced, promising to
further improve cholangioscopic diagnostics in the future. Histopathological analysis is essential for
excluding differential diagnoses including Ig4-related sclerosing cholangitis, which may mimic a PSC-
like disease. In addition to radiologic and serological assessment, tissue acquisition for histopathological
analysis is important for diagnostic assessment[26], and SOVCs might help to gain sufficient histopatho-
logical material for correct assessment.

Endoscopic interventions, including stricture dilation, can be performed to improve cholestatic
disease in PSC patients and are part of current guideline recommendations[2,3]. Technically, biliary
dilation should be preferred to inserting biliary stents[2,3]: Notably, in our cohort, stricture dilation was
regularly performed in most patients (76%), whereas only a few received biliary stenting (10.9%). To
facilitate biliary dilation or stenting, a guidewire must be placed across the biliary stricture[8,27,28];
however, this selective guidewire placement might fail using standard ERC techniques. A previous trial
using fiberoptic SOVCs in 15 patients after liver transplantation showed a technical success rate of 60%
of placing a guidewire across a stricture[28]. Another study, which was published by our group, using
digital SOVC for selective guidewire insertion in 23 unselected patients showed an overall technical
success rate of 70%; notably, the technical success rate was significantly higher in benign strictures than
in malignant strictures (88% vs 46%; P = 0.02)[8]. In the current study, in 6 examinations, conventional
ERC techniques failed to pass a guidewire across a biliary stricture, and digital SOVC helped in all cases
to perform selective guidewire placement, enabling subsequent stricture dilation (technical success rate:
100%). In conclusion, digital SOVC with improved imaging quality is highly successful in facilitating
selective guidewire placement across biliary strictures, even in PSC patients in whom previous attempts
to pass a stricture with a guidewire failed using standard ERC techniques.

Patients with PSC may have a high incidence of biliary stone disease[29,30]. In two previous studies,
PSC patients had an incidence of biliary stone disease of up to 50%[29,30]. In our cohort, we found a
slightly lower incidence of biliary stone disease; however, stones were still frequently found in 17.3% of
examinations. A previous trial with 41 PSC patients undergoing fibreoptic cholangioscopy using the
mother-baby-technique suggested that 30% of biliary stones were missed by standard fluoroscopy and
could only be visualized using cholangioscopy[29]. In our cohort, nearly 40% of biliary stones were
missed on fluoroscopy and could only be detected using digital SOVC likely confirming that digital
SOVC with improved imaging quality substantially helps detect biliary stones in PSC patients.
Although the utility of cholangioscopy for stone detection in PSC patients might be superior using
digital SOVC, it might be less likely that a routine use of digital SOVCs for stone detection in PSC
patients is cost-effective, which might especially be true for MRCP-negative cases. Sometimes the
extraction of biliary stones proximal to biliary strictures might be challenging. Dilation of the distal
biliary stricture might substantially help extract stones. Furthermore, EHL might be used for stone
fragmentation. In 25% of our cases, SOVC-assisted EHL was used for refractory biliary stone disease
and showed complete treatment success (100%). This high technical success rate of biliary stone
treatment was similar to that in previous trials, varying from 86% to 100%[9,10,15,16,31] supporting the
role of digital SOVC as an effective treatment for refractory biliary stone disease, even in PSC patients.

Additionally, we evaluated the safety of using digital SOVC in PSC patients. In ERC, adverse events
occurred in approximately 7% of examinations[32]. Concerning digital SOVC, earlier studies observed
complication rates ranging from 0 to 16.4%[9,10,15,16,31], and a recent meta-analysis applying digital
SOVC to evaluate biliary strictures found a complication rate of 7%[33]. We found a complication rate of
13%, which is in the upper range of previous trials, although only fully trained endoscopists performed
procedures in our cohort. Our cholangitis rate (6.5%) was slightly higher than that of unselected patients
(4%), likely because of the complexity of our cases: Only PSC patients were included in our cohort;
among these, more than 50% had cirrhotic liver disease, and nearly 30% were enlisted for liver
transplantation. The risk of cholangioscopy in PSC patients is controversial: Considering that the
stricturing disease course hampers adequate biliary drainage post contrast injection, PSC patients may
be at special risk of developing post-ERC cholangitis[34]. Furthermore, our pancreatitis rate (6.5%) was
slightly higher than the post-ERC pancreatitis rates observed in unselected patients (2%-4%)[32,35].
Fortunately, all cases of pancreatitis could be managed conservatively, and no surgical management
was necessary. In our cohort, rectal NSAIDs were not routinely applied at the start of the study;
however, considering our results, rectal NSAIDs should be regularly dispensed in all patients with PSC
undergoing digital SOVC, which is the current standard of care in our department and part of recent
guideline recommendations[17]. In summary, considering this moderate rate of complications, digital
SOVC should be performed in selected cases and by experienced endoscopists at tertiary referral
centres.
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Our study has several limitations. First, our study was retrospective and is limited by a small sample
size comprising only 46 procedures; however, it is the first to exclusively evaluate digital SOVC use in
PSC patients; furthermore, PSC is a rare disease, making our number of procedures noteworthy. Second,
we included cases at only one hospital in our analysis; however, our centre is a large tertiary referral
centre offering special endoscopic experience to perform cholangioscopic procedures, and we could
ensure that all endoscopists were fully trained, improving the reliability of our results. Nevertheless,
our study results are limited by a lack of validation, making future prospective multicentre studies
necessary. Third, our endoscopists were not blinded to patient history, likely biasing their visual
impression to determine the biliary stricture dignity; however, digital SOVC was performed because
strictures were still indeterminate despite previously performed diagnostics. Fourth, in all our patients,
a previous traditional cholangiography was performed before the use of digital SOVC, which might
have confounded the rate of cholangitis described in our study. However, this setting was our routine
clinical practice. Initially, endoscopists performed traditional cholangiography, which revealed findings
making further cholangioscopic assessment instantly necessary.

CONCLUSION

In summary, our data indicate that using digital SOVC in patients with PSC is efficient and safe. In
addition to evaluating biliary strictures, which may be substantially improved because of superior
image quality, SOVC supports interventions due to selective guidewire placements across biliary
strictures and helps diagnose and treat biliary stone disease, explaining why digital SOVC might be
frequently used as an additive tool for the complex endoscopic management of PSC patients.

ARTICLE HIGHLIGHTS

Research background

Patients with primary sclerosing cholangitis (PSC) have a high risk of developing cholestatic liver
disease, biliary strictures, and biliary cancer, which frequently require endoscopy for diagnostic and
therapeutic management.

Research motivation

Recently, digital single-operator video cholangioscopy (SOVC) was introduced, offering superior image
quality and manoeuvrability. However, no study thus far has reported the use of newly introduced
digital SOVC in PSC patients.

Research objectives
To clarify the efficacy and safety of the recently introduced SOVC for the endoscopic management of
patients with PSC.

Research methods

This observational study retrospectively included all patients with a known PSC and in whom digital
SOVC (with the SpyGlass DS System) was performed between 2015 and 2019 at a tertiary referral centre.
In total, 46 SOVCs performed in 38 patients with PSC were identified. The primary endpoint was the
evaluation of dominant biliary strictures using digital SOVC.

Research results

The 22 of 38 patients had a dominant biliary stricture (57.9%), and in 18.2% of these cases, a cholangio-
cellular carcinoma was diagnosed within the stricture. Diagnostic evaluation of dominant biliary
strictures using optical signs showed a sensitivity of 75% and a specificity of 94.4% in detecting
malignant strictures, whereas SOVC-guided biopsies to obtain tissue for histopathological analysis
showed a sensitivity of 50% and a specificity of 100%. In 13% of examinations, SOVC was helpful for
guidewire passage across biliary strictures that could not be passed by conventional methods (technical
success rate 100%) and furthermore, in 8 examinations, SOVC helped visualize and treat biliary stone
disease (100% success rate). Mild to moderate complications occurred in 13% of examinations.

Research conclusions
Digital SOVC is effective and safe for the complex endoscopic management of PSC patients.

Research perspectives
In the future, digital SOVC might be regularly considered as an additive tool for the endoscopic
management of patients with PSC.
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Abstract

BACKGROUND

Direct acting antiviral (DAA) therapy has enabled hepatitis C virus infection to
become curable, while histological changes remain uncontained. Few valid non-
invasive methods can be confirmed for use in surveillance. Gadolinium-ethoxy-
benzyl-diethylenetriamine penta-acetic acid (Gd-EOB-DTPA) is a liver-specific
magnetic resonance imaging (MRI) contrast, related to liver function in the
hepatobiliary phase (HBP). Whether Gd-EOB-DTPA-enhanced MRI can be used
in the diagnosis and follow up of hepatic fibrosis in patients with chronic hepatitis
C (CHC) has not been investigated.

AIM
To investigate the diagnostic and follow-up values of Gd-EOB-DTPA-enhanced
MRI for hepatic histology in patients with CHC.

METHODS

Patients with CHC were invited to undergo Gd-EOB-DTPA-enhanced MRI and
liver biopsy before treatment, and those with paired qualified MRI and liver
biopsy specimens were included. Transient elastography (TE) and blood tests
were also arranged. Patients treated with DAAs who achieved 24-wk sustained
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virological response (SVR) underwent Gd-EOB-DTPA-enhanced MRI and liver biopsy again. The
signal intensity (SI) of the liver and muscle were measured in the unenhanced phase (UEP)
(STugpaiverr Slygpamusae) AN HBP (SLiygpsiverr Slippmusae) 728 MRI. The contrast enhancement index (CEI) was
calculated as [(Slipp.iiver/ Shippamuscte) ]/ [(Slugpaiver/ Sluppmusce) - Liver stiffness measurement (LSM) was
confirmed with TE. Serologic markers, aspartate aminotransferase-to-platelet ratio index (APRI)
and Fibrosis-4 (FIB-4), were also calculated according to blood tests. The grade of inflammation
and stage of fibrosis were evaluated with the modified histology activity index (mHAI) and Ishak
fibrosis score, respectively. Fibrosis regression was defined as a = 1-point decrease in the Ishak
fibrosis score. The correlation between the CEI and liver pathology was evaluated. The diagnostic
and follow-up values of the CEI, LSM, and serologic markers were compared.

RESULTS

Thirty-nine patients with CHC were enrolled [average age, 42.3 + 14.4 years; 20/39 (51.3%) male].
Twenty-one enrolled patients had eligible paired Gd-EOB-DTPA-enhanced MRI and liver tissues
after achieving SVR. The mHAI median significantly decreased after SVR [baseline 6.0 (4.5-13.5) vs
SVR 2.0 (1.5-5.5), Z = 3.322, P = 0.017], but the median stage of fibrosis did not notably change (P >
0.05). Sixty pairs of qualified MRI and liver tissue samples were available for use to analyze the
relationship between the CEI and hepatic pathology. The CEI was negatively correlated with the
mHALI (r =-0.56, P < 0.001) and Ishak score (r = -0.69, P < 0.001). Further stratified analysis showed
that the value of the CEI decreased with the progression of the stage of fibrosis rather than with
the grade of necroinflammation. For patients with Ishak score > 5, the areas under receiver
operating characteristics curve of the CEI, LSM, APRI, and FIB-4 were approximately at baseline,
0.87-0.93, and after achieving SVR, 0.83-0.91. The CEI cut-off value was stable (baseline 1.58 and
SVR 1.59), but those of the APRI (from 1.05 to 0.24), FIB-4 (from 1.78 to 1.28), and LSM (from 10.8
kpa to 7.1 kpa) decreased dramatically. The APRI and FIB-4 cannot be used as diagnostic means
for SVR in patients with Ishak score = 3 (P > 0.05). Seven patients achieved fibrosis regression after
achieving SVR. In these patients, the CEI median increased (from 1.71 to 1.83, Z = -1.981, P = 0.048)
and those of the APRI (from 1.71 to 1.83, Z = -2.878, P = 0.004) and LSM (from 6.6 to 4.8, Z = -2.366,
P =0.018) decreased. However, in patients without fibrosis regression, the medians of the APRI,
FIB-4, and LSM also changed significantly (P < 0.05).

CONCLUSION

Gd-EOB-DTPA-enhanced MRI has good diagnostic value for staging fibrosis in patients with
CHC. It can be used for fibrotic-change monitoring post SVR in patients with CHC treated with
DAAs.

Key Words: Gadolinium-ethoxybenzyl-diethylenetriamine penta-acetic acid-enhanced magnetic resonance
imaging; Contrast enhancement index; Hepatitis C virus; Direct acting antiviral; Sustained virological
response; Fibrosis regression

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

Core Tip: In this prospective, comparative study, the correlation between the contrast enhancement index
(CEI) in the hepatobiliary phase of gadolinium-ethoxybenzyl-diethylenetriamine penta-acetic acid
enhanced magnetic resonance imaging and liver pathology measures was analyzed in patients with chronic
hepatitis C. It was determined that the CEI has good diagnostic performance and is more useful than
serological markers and transient elastography for hepatic-fibrosis monitoring in patients achieving
sustained virological response.

Citation: Li XH, Huang R, Yang M, Wang J, Gao YH, Jin Q, Ma DL, Wei L, Rao HY. Gadolinium-ethoxybenzyl-
diethylenetriamine penta-acetic acid-enhanced magnetic resonance imaging for evaluating fibrosis regression in
chronic hepatitis C patients after direct-acting antiviral. World J Gastroenterol 2022; 28(20): 2214-2226
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INTRODUCTION

Chronic hepatitis C (CHC) remains one of the major etiologies of chronic liver disease, causing
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substantial morbidity and mortality globally[1,2]. Remarkably well-tolerated, effective, and short-time
direct acting antiviral (DAA) regimens have revolutionized therapy for hepatitis C virus (HCV)
infection, achieving a high rate of sustained virological response (SVR). However, it has also been
reported that despite achieving SVR, patients may still experience disease progression[3,4]. It is critical
to follow up pathological changes in the liver after DAA therapy. A growing number of studies have
focused on the use of non-invasive tests to substitute liver biopsy[5-7]. However, there are few validated
thresholds for longitudinal assessment that correspond to histologic changes in fibrosis, and there is no
definite non-invasive method for diagnosing the stage changes in fibrosis after SVR.

Gadolinium-ethoxybenzyl-diethylenetriamine penta-acetic acid (Gd-EOB-DTPA; Promovist® in
Europe and Eovist® in the United States, Bayer Healthcare, Berlin, Germany) is a liver-specific magnetic
resonance imaging (MRI) contrast agent[8]. The hepatocyte uptake and biliary excretion of Gd-EOB-
DTPA mainly take place via organic anion transporting polypeptides OATP1B1/3 on the sinusoidal
membrane and multidrug resistance-associated proteins MRP2 on the canalicular membrane. Therefore,
after intravenous injection, Gd-EOB-DTPA shows extracellular distribution in the dynamic phase and
hepatocyte-specific transportation in the hepatobiliary phase (HBP). Decrease in the number of normal
hepatocytes and impaired hepatocyte function may reduce the hepatic enhancement of the HBP[9]. It
has been reported using Gd-EOB-DTPA-enhanced MRI to identify hepatocellular carcinoma[10],
evaluate liver function[11,12], stage liver fibrosis[13,14], and predict liver failure after hepatectomy[15].

To the best of our knowledge, no studies have used Gd-EOB-DTPA-enhanced MRI to evaluate
changes in fibrosis after SVR with paired liver biopsy. The primary aim of our study was to evaluate the
diagnostic performance of Gd-EOB-DTPA-enhanced MRI in staging liver fibrosis. The secondary aim
was to confirm whether this diagnostic test can be used for longitudinal assessment of liver fibrosis in
patients with CHC after achieving SVR treated by DAA regimens.

MATERIALS AND METHODS

Study design

Patients with chronic HCV infection treated with DA As in our hepatology center between January 2014
and December 2016 were prospectively invited to undergo Gd-EOB-DTPA-enhanced MRI and liver
biopsy. Patients with qualified Gd-EOB-DTPA-enhanced MRI data and liver biopsy samples were
enrolled. The selection of DAA regimens was based on the genotype and state of liver disease. The
patients who achieved SVR after DAA therapy underwent the examinations a second time. Exclusion
criterias were: (1) Non-HCV etiology-related chronic liver disease (such as chronic hepatitis B, drug-or
alcohol-related liver disease, non-alcoholic steatohepatitis, efc.); (2) Clinical hepatic decompensation; (3)
Solid organ transplantation; (4) Malignancy; (5) Combined with other systemic disease (immune system
disease, blood system disease, efc.) and (6) Contraindications for MRI and liver biopsy. SVR was defined
as undetectable HCV RNA 24 wk after the end of treatment.

Liver biopsy was performed within 1 mo before treatment and 3 mo after SVR. MRI was performed
prior to liver biopsy within 1 mo. MRI with marked motion artifacts and specimens of liver tissue with
lengths < 10 mm or < six portal areas under the microscope were regarded as inappropriate[16].
Demographic information, virologic data, and laboratory findings were collected.

MRI protocol

All liver MRI examinations were performed with a Discover 750 3.0 T MR scanner (GE Healthcare,
Milwaukee, WI, United States) using a 32-channel torso array coil. Patients were in the supine position
during horizontal axis scanning and had received prior training on how to breathe. Gd-EOB-DTPA
(Promovist®, Bayer Healthcare) was injected intravenously as a contrast agent at a dose of 0.1 mL/kg
body weight with a flow rate of 2 mL/s, followed by a 20-mL 0.09% NaCl flush. Three-dimensional T1-
weighted contrast-enhanced MRI was conducted in the unenhanced phase (UEP), arterial phase (AP, 25
s), portal phase (60 s), and HBP (20 min).

Image analysis
The signal intensities (SIs) of the liver parenchyma and paraspinal muscle in the UEP (S, and
Slyepmusce) @aNd HBP (SLygpyerand Slygp usae) Were independently measured by two professional
radiologists with nearly 4 and 6 years of experience in interpreting abdominal MRIs, using regions of
interests (ROIs). The radiologists were blinded to the patients’ clinical data and pathological changes.
Four ROIs were manually circled (size: 100-150 mm?) in the posterior and anterior segments of the
right hepatic lobe and inner and lateral segments of the left hepatic lobe at the hepatic hilar level. The
location of the ROIs had to be at the center of each segment, far from the abdominal wall, and avoiding
visible blood vessels, bile ducts, and lesions. The ROI of the paraspinal muscle was mainly circled on the
left side.
The contrast enhancement index (CEI) was calculated using the following formula[17]:
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CEI = (SIHBP—liVer/SIHBP—muscle)/( SIUEP—liVer/SIUEP—muscle)
The change rate in the CEI (A CEI%) between pre-treatment (CEI
calculated as (CEL,,/CEL,,* 100%).

) and post-SVR (CEL,,) was

pre.

Histopathological analysis

Specimens were fixed in formalin immediately after liver biopsy and embedded in paraffin; 4-pm-thick
sections were cut and stained with hematoxylin and eosin and Masson’s trichrome. Two professional
hepato-pathologists, both with nearly 30 years of working experience, assessed the degree and stage of
necroinflammation and fibrosis of the specimens using the Ishak scoring system [modified histological
activity index (mHAI) and Ishak score][18]. The pathologists were blinded to the imaging results and
patient clinical data. The stages of liver fibrosis were divided into three groups according to the Ishak
score, 0-2, 3-4, and 5-6, respectively. Necro-inflammatory severity was graded according to the mHAI
score as 0-4, 5-8, 9-12, and 13-18[19]. Fibrosis regression was defined as a decrease of at least one point in
the Ishak score after SVR[20].

Non-invasive fibrosis measurements
Experienced technicians conducted liver stiffness measurements (LSMs) with FibroScan (Echosens,
Paris, France). An effective result should have a successful rate > 60% and interquartile range/median
ratio <30%.

With respect to serologic biomarkers of fibrosis, the aspartate aminotransferase (AST)-to-platelet ratio
(APRI) and Fibrosis-4 (FIB-4) were calculated as following:

APRI = [(AST/ULN)/platelet count (x 10°/L)] x 100[21]; FIB-4 = (age x AST)/[(platelet count) (x 10°
/L) x ALT1/2][22]

The change rates in APRI, FIB-4, and LSM between pre-SVR (value,,.) and post-SVR (value
calculated similarly with the CEI calculation.

ost) WETE

Statistical analyses

Descriptive analyses were performed for sociodemographic characteristics (age, sex), clinical data
[alanine aminotransferase (ALT), AST, total bilirubin (TB), albumin (Alb), platelet (PLT) count, HCV
RNA, genotype, FIB-4, APRI, LSM, and CEI], histological grading, and staging.

Descriptive analyses were performed for sociodemographic characteristics, clinical data, histological
characteristics, and the CEI. The value of HCV RNA was logarithmically transformed with 10 as the
base. Continuous variables are expressed as median (interquartile range) (ALT, AST, TB, PLT, APRI,
FIB-4, and LSM) or mean + SD [age, Alb, international normalized ratio (INR), HCV RNA, mHAI, and
CEI]. Categorical variables (sex, numbers of patients in the different mHAI and Ishak score groups) are
presented as counts and percentages. The absolute values of the interclass correlation coefficients (ICC)
were measured for Sls to confirm the interobserver reliability between reviewers. Student’s t-test (age,
Alb, INR, HCV RNA, mHAI, and CEI) and Mann-Whitney U test (ALT, AST, TB, and PLT) were used to
compare continuous variables, and the chi-square test was used for classified variables (sex, HCV
genotype). The comparison between pre-and post-SVR was performed with the Wilcoxon sign rank test
(ALT, AST, TB, PLT, FIB-4, APRI, and LSM) and paired sample t-test (Alb, INR, and CEI). Spearman’s
correlation coefficient was calculated for the CEIL, mHAI, and Ishak score. The predictive value of the
CEI, APRI, FIB-4, and LSM for liver fibrosis was assessed using the area under the receiver operating
characteristic curve (AUROC). Sensitivity, specificity, positive predictive value, and negative predictive
value were also calculated. An optimal cut-off value was chosen to maximize the Youden index, which
is defined as (sensitivity + specificity-1). P values < 0.05 were considered statistically significant.
Statistical analyses were performed using IBM SPSS version 26.0 (IBM Corp., Armonk, NY, United
States).

RESULTS

Forty-five patients underwent Gd-EOB-DTPA-enhanced MRI and liver biopsy at baseline and six with
unqualified samples were excluded. Among the enrolled patients (1 = 39), six were recommended to
receive treatment with DAA plus Peg-IFN, and three had virological breakthrough. Twenty-five
patients underwent MRI and liver biopsy again after achieving SVR, and 21 pairs of data were eligible.
Therefore, there were 60 qualified and pairable MRI images and liver tissue samples available for
analyzing correlation between CEI and liver pathology. The study flow chart is shown in Figure 1.

Intraclass correlation coefficients

Two radiologists interpreted the Gd-EOB-DTPA-enhanced MRI images. The ICC for the measured SI
values were excellent (greater than 0.9) for before and after achieving SVR. The ICC of the CEI was 0.729
(0.481, 0.858) and 0.886 (0.744, 0.952) pre and post SVR, respectively. Details of the inter-observer
agreements of the ROI measurements and CEI are presented in Supplementary Table 1.
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Patients with HCV infection underwent Gd-EOB-DTPA enhanced MRI and liver biopsy at baseline (7 = 45)

Exclusion (7 = 6)
Unqualified MR imaging (7 = 4)
Unqualified liver tissue (7 = 2)

Patients enrolled (7 = 39)

Exclusion (7 = 14)

Treatment regimen including IFN (7 = 6)
Virological breakthrough (7 = 3)
Refused to re-examine (7 = 5)

Patients performed Gd-EOB-DTPA-enhanced-MRI and liver biopsy (77 = 25)

Exclusion (7 = 4)
< Unqualified MR imaging (7 = 2)
Unqualified liver tissue (7 = 2)

Patients with paired Gd-EOB-DTPA-enhanced-MRI and liver tissue sample for pre and post SVR (7 = 21)

DOI: 10.3748/wjg.v28.i20.2214 Copyright © The Author(s) 2022.

Figure 1 The study flow chart. HCV: Hepatitis C virus; Gd-EOD-DTPA: Gadolinium ethoxybenzyl diethylenetriamine penta-acetic acid; MRI: Magnetic
resonance imaging; IFN: Interferon; SVR: Sustained virological response.
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Patient characteristics

The 39 patients enrolled had a mean age of (42.3 + 14.4) years, mean HCV RNA of (6.4 + 0.7) log,,
IU/mL, and 20 (51.3%) were male. The distribution of HCV genotypes (GT) was 1, 2, 3, and 6 in 19
(48.7%), 4 (10.3%), 13 (33.3%), and 3 (7.7%) patients, respectively. Patients with Ishak score of 5-6 were
elder, had higher ALT and lower PLT levels than those with Ishak scores of 0-2 (P < 0.05) (Table 1).

Of the 21 patients who achieved SVR and had paired MRI and liver tissue samples, 13 (62%) received
sofosbuvir/ribavirin therapy, and the other eight (38%) received daclatasvir/asunaprevir regimens. As
expected, the values of ALT, AST (P < 0.001), and necroinflammation grade (P = 0.023) significantly
decreased post SVR (Table 2). No significant change in fibrosis stage was observed. Among the
noninvasive measurements, the median of LSM, FIB-4, and APRI decreased significantly, the mean of
the CEI increased slightly without statistically significant (P = 0.29) (Table 2). After achieving SVR, 7
(33%) patients achieved fibrosis regression. No patient with Ishak 5-6 (1 = 7) achieved fibrosis
regression.

The CEl decreased with the progression of liver fibrosis

In patients with CHC, the CEI was negatively correlated with the grade of inflammation (r = -0.56, P <
0.001) and stage of fibrosis (r = -0.69, P < 0.001). The CEI decreased significantly among patients with
Ishak scores 0-2, 3-4, and 5-6 (1.78 + 0.11, 1.64 + 0.11, and 1.50 * 0.09, respectively, P < 0.001)
(Figure 2A). To further analyze the relationship between the CEI and liver pathology, we stratified the
patients according to the mHAI (0-4, 5-8, 9-12, and 13-18) and Ishak score (0-2, 3-4, and 5-6; the
numbers of patients in each subgroup are shown in Table 3).

In patients with a mHAI of 0-4, the CEI in Group 2 (n = 11) was significantly lower than that in
Group 1 (n =14) [(1.67 £ 0.11) vs (1.79 £ 0.11), P = 0.021] and the CEI of the only patient in Group 3 was
1.52 (Figure 2B). When the mHAI was 5-8, the CEI decreased in the order of fibrosis Group 1 (n = 3), 2 (n
=13), and 3 (n = 9) at 1.75 £ 0.06, 1.62 + 0.11, and 1.49 + 0.12, respectively (P = 0.032) (Figure 2C). All
patients with an mHALI of 13-18 had liver cirrhosis (1 = 9), and they were not grouped. In contrast, after
subgrouping the patients based on the fibrosis grade, there were no significant differences in the CEI
among the inflammation groups (all P > 0.05) (Figure 2D-F). Therefore, we believe that decrease in the
CEl is mainly associated with the progression of fibrosis.

The CEl is more useful for liver fibrosis diagnosis than the LSM, APRI, and FIB-4

Table 4 shows a comparison of the predictive values between the CEI and other non-invasive methods.
According to the AUROCs and cut-off values, we found that the diagnostic efficacy of the CEI, LSM,
APRI, and FIB-4 before and after DAA treatment was similar for liver cirrhosis (Ishak score = 5), while
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Table 1 Comparison of demographic and clinical data of patients

Parameters Ishak 0-2 (n=9) Ishak 3-4 (n = 18) Ishak 5-6 (n =12)
Age (yr) 36.3+15.5 37.9+124 53.1£11.0°

Male, 1 (%) 2(22.2) 11 (61.1) 7 (58.3)

ALT (U/L) 44 (22.5) 525 (35.5) 75.5 (98.7)°

TB (amol/L) 11 (7.5) 14 (3.5) 12.5 (7.5)

Alb (g/L) 46.78 +3.77 45724375 4417 +3.35

INR 0.99 +0.07 1.00 + 0.09 1.09+0.16

PLT (x 10°/L) 171 (62.5) 177.5 (64.7) 114 (67.5)"

HCV RNA (log;, IU/mL) 6.43 £0.96 6.50 £0.71 6.33 £ 0.64

mHAI score 34+17 53+1.6" 11.3 £4.0°

4P < 0.05 compared with patients with Ishak 0-2.

PP <0.01 compared with patients with Ishak 0-2.

P < 0.001 compared with patients with Ishak 0-2.

ALT: Alanine aminotransferase; TB: Total bilirubin; INR: International normalized ratio; HCV: Hepatitis C virus; mHAI: Modified histology activity index.

Table 2 Clinical characteristics of patients for pre and post sustained virological response

Pre SVR Post SVR Z/tvalue P value
ALT (U/L) 55 (29.5) 17 (11) -4.015 <0.001
AST (U/L) 40 (29.5) 20 (10.5) -4.016 <0.001
TB (pmol/L) 14 (6.5) 15.5 (11.3) -0.541 0.588
Alb (g/L) 44.90 + 3.40 47.43 +£3.06 -3.919 0.001
Platelet (x 10°/L) 165 (87) 199 (130) -2.576 0.01
INR 1.04£0.14 1.02 +0.07 0.425 0.675
mHALI score, 1 (%) -2.362 0.023
0-4 5(24) 15 (71)
5-8 10 (48) 409
13-18 6(28) 2 (10)
Ishak score, 1 (%) -0.370 0.713
0-2 5 (24) 7 (33)
34 9 (43) 7 (33)
5-6 7 (33) 7 (33)
APRI 0.58 (1.32) 0.25 (0.40) -4.015 <0.001
FIB-4 1.34 (3.61) 0.99 (1.81) -3.007 0.003
LSM (kpa) 6.6 (7.5) 5.8 (4.0) -2.746 0.006
CEI 1.65+0.11 1.68 £0.16 -1.087 0.29

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; APRI: AST-to platelet ratio index; CEIL: Contrast enhancement index; HCV: Hepatitis C
virus; INR: International normalized ratio; mHAI: Modified histology activity index; LSM: Liver stiffness measurement; SVR: Sustained virological

response; TB: Total bilirubin.

the cut-off values of serological markers such as the APRI and FIB-4 significantly decreased post SVR.
The cut-off value of the LSM also showed a similar trend. For significant fibrosis (Ishak score > 3), post
SVR, the diagnostic efficacy of the LSM decreased, and the APRI and FIB-4 showed no diagnostic value.
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Table 3 Distribution of patients in stratified analysis

Stratified analysis

mHAI score

0-4

5-8

13-18

Ishak score

0-4

34

Group 1 Group 2 Group 3
Ishak score

0-2 3-4 5-6
14 11 1

B 13 9

0 0 9
mHAI score

0-4 5-8 13-18
14 2 0

10 15 0

1 9 9

mHAI Modified histology activity index.

Table 4 The area under receiver operating curve and cut-off value for liver cirrhosis and significant liver fibrosis at pre-sustained

virological response and post-sustained virological response with contrast enhancement index, aspartate aminotransferase-to-platelet

ratio index, Fibrosis-4 and liver stiffness measurement

Ishak score 2 5 Ishak score 2 3
Pre SVR Post SVR Pre SVR Post SVR
CEI
AUROC (95%ClI) 0.93 (0.74, 0.97) 0.87 (0.65, 0.97) 0.88 (0.79, 1.00) 0.87 (0.71, 1.00)
Cut-off value 1.58 1.59 1.71 1.68
LSM
AUROC (95%ClI) 0.87(0.71, 1.00) 0.87(0.79, 1.00) 0.91(0.78, 1.00) 0.80(0.60,0.98)
Cut-off value 10.8 7.1 6.2 5.95
APRI
AUROC (95%CI) 0.89(0.72, 1.00) 0.89(0.74, 1.00) 0.83(0.64, 1.00) N’
Cut-off value 1.05 0.24! 0.39 N’
FIB-4
AUROC (95%CI) 0.92(0.80, 1.00) 0.92(0.79, 1.00) 0.80(0.58, 1.00) N’
Cut-off value 1.78 1.28 0.87 N’

IThe cutoff values of aspartate aminotransferase-to-platelet ratio index (APRI) and Fibrosis-4 (FIB-4) or the diagnosis of liver cirrhosis decreased

dramatically after sustained virological response (SVR).

’N: No diagnosis value of APRI or FIB-4 in patients with significant fibrosis after achieving SVR.

APRI: Aspartate aminotransferase-to-platelet ratio index; AUROC: Area under receiver operating curve; CEI: Contrast enhancement index; CI: Confidence
interval; FIB-4: Fibrosis-4; LSM: Liver stiffness measurement; SVR: Sustained virological response.
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Only dynamic change in the CEI can be used to evaluate fibrosis regression after achieving SVR

Figure 3 shows the change of the CEI and other non-invasive methods in patients with (red column) and
without (black column) fibrosis regression. Among the patients with fibrosis regression (n = 7), the CEI
increased significantly (from 1.68 + 0.09 to 1.83 + 0.18, P = 0.043) after DAA treatment; similarly, the
LSM [from 6.6 (2.6) to 4.8 (1.2), P = 0.018] and APRI [from 0.37 (0.22) to 0.20 (0.08), P = 0.018] values
decreased significantly. For patients who did not achieve fibrosis regression (n = 14), only the CEI
remained stable (P > 0.05), while the LSM, APRI, and FIB-4 decreased significantly (P < 0.05). It is
suggested that the decrease in the latter three noninvasive measurements after treatment may not be
related to fibrosis regression. By comparing the change ratios of the four noninvasive indexes before and
after treatment, only CEI% changed significantly, and CEI% was moderately positively correlated with
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Figure 2 Contrast enhancement index decreased with the progression of liver fibrosis. A: Contrast enhancement index (CEI) decreased with the
progression of fibrosis, and there was significant difference between patients with Ishak score 0-2, 3-4 and 5-6; B: In patients with modified histology activity index
(mHAI) score of 0-4, CEl was lower in patients with Ishak score of 3-4 compared with 0-2; C: In patients with mHAI score of 5-8, CEIl decreased with the progression
of fibrosis stage; D-F: When the Ishak scores was fixed as 0-2, 3-4 and 5-6 respectively, the value of CEl was not related to the progression of inflammation. 2P <
0.05; °P < 0.001. CEI: Contrast enhancement index; mHAI: Modified histology activity index.
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fibrosis regression (r = 0.50, P = 0.021) (Table 5).

DISCUSSION

In this study, paired liver biopsy and Gd-EOB-DTPA-enhanced MRI data of patients with CHC before
and after SVR were reported for the first time. This study concluded that the CEI of Gd-EOB-DTPA-
enhanced MRI in the HBP decreased with the progression of liver fibrosis. For patients with CHC, the
CEI can be used to distinguish among the different stages of liver fibrosis at baseline and after achieving
SVR more effectively than the APRI, FIB-4, and LSM. The change in the CEI between pre and post SVR
was related to fibrosis regression. This result increased the options for dynamic assessment of liver
fibrosis after achieving SVR.

In our study, patients treated with DAA plus interferon were excluded. Although the combination
therapy may have no effect on the evaluation of liver pathology, based on the current situation of CHC
treatment, majority of patients can be cured by simple DAAs. So, we pay more attention on correlation
between CEI and pathology changes in patients cured by simple DAAs. It is worth mentioning that,
HCV RNA was both detected at 12- and 24-wk after the end of treatment. The value of HCV RNA at 12-
wk were also undetectable in patients achieving SVR24. Since patients were enrolled between 2014-2016,
SVR12 and SVR24 both could be used at that time, while the 24-wk SVR last longer, it was used in our
article. We specially agree that the current definition of SVR as an undetectable HCV RNA at 12 wk after
the end of treatment.

In the correlation analysis, we found that the CEI was mild negative related to both grade of inflam-
mation and stage of fibrosis. Further hierarchical analysis showed that the CEI mainly decreased with
the progression of liver fibrosis, which was consistent with the results of a previous multiple regression
analysis[23]. As mentioned above, after achieving SVR, the overall liver fibrosis status was not notably
improved, and the CEI also did not change significantly. Therefore, we combined 60 pairs of CEI and
liver pathology data before and after treatment for analysis. It should be mentioned that the overall
mHAI decreased after treatment, which may have affected the results. However, in our pre-analysis, we
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Table 5 Relationship between the changes of contrast enhancement index, aminotransferase-to-platelet ratio index, Fibrosis-4, liver

stiffness measurement and fibrosis regression

Fibrosis regression

Yes (n=7) No (n=14) Falue
CEI%' 107.36 + 6.33 99.23 +7.14 0.020
LSM% 72.06 £20.32 81.31 +27.44 0.441
APRI% 45.40 £13.16 42,51 £16.41 0.702
FIB-4% 90.39 + 24.09 75.69 % 23.66 0.936

TValue% = Value,,,/ Value,. x 100%.

CEI Contrast enhancement index; SVR: Sustained virological response; LSM: Liver stiffness measurement; APRI: Aspartate aminotransferase-to-platelet
ratio index; FIB-4: Fibrosis-4.
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Figure 3 Comparison of four noninvasive methods before and after sustained virological response between patients with fibrosis
regression or not. A: Value of contrast enhancement index; B: Value of liver stiffness measurement; C: Value of aspartate aminotransferase-to-platelet ratio
index; D: Value or Fibrosis-4 in patients with (Red column) and without (Black column) fibrosis regression at baseline and after achieving sustained virological
response (SVR). Red column: Patients had fibrosis regression after achieving SVR (n = 7). Black column: Patients didn’t have fibrosis regression after achieving SVR
(n = 14). 3P < 0.05; ®P < 0.001. CEl: Contrast enhancement index; SVR: Sustained virological response; LSM: Liver stiffness measurement; APRI: Aspartate
aminotransferase-to-platelet ratio index; FIB-4: Fibrosis-4.

found that in the 21 paired MRI and liver biopsy samples after treatment, the correlation between the
mHAI and Ishak score (r = 0.74, P < 0.001) remained significant. This may be because the patients with a
mHAI > 13 at baseline had liver cirrhosis. After achieving SVR, there was no significant improvement in
fibrosis or in the inflammation status. It was also shown that the correlation between the CEI and
fibrosis stage remained relatively stable and was not related to the treatment state.

In patients with liver cirrhosis (Ishak score 5-6), the diagnostic values of the CEI and of the other non-
invasive methods were similar, which was also partly previously reported by a cross-sectional
comparative analysis[23]. As the inflammatory status improved with antiviral treatment, the cut-off
values of the APRI (from 1.05 to 0.24) and FIB-4 (from 1.78 to 1.28) both substantially decreased for the
same fibrosis status. The serological biomarkers had no diagnostic value for significant fibrosis after
HCV eradication, mainly because with the rapid regression of liver necroinflammation, the ALT and

WJG | https://www.wjgnet.com 2222 May 28,2022 | Volume?28 | Issue20 |

Jaishideng®



Jaishideng®

Li XH et al. Gd-EOB-DTPA-enhanced MRI in evaluating fibrosis regression

AST levels returned to normal, reducing the diagnostic accuracy of serological biomarkers. Although
accessible and common, the APRI and FIB-4 may not be suitable for the surveillance of patients with
CHC post SVR[21,24].

Other than the serological biomarkers, the LSM obtained with TE is currently considered useful for
fibrosis monitoring[25-27]. However, several studies have reported a rapid decrease in the LSM mainly
related to inflammation regression, and its cut-off values are influenced by liver morphometry. Hence,
the decrease in the LSM may be misinterpreted as change in the liver fibrosis stage[6,28]. A longitudinal
study of 2 years showed that following SVR attainment, the improvements in the LSM were overstated
compared to histologic staging[28]. Therefore, the follow-up value of liver fibrosis regression in patients
with HCV SVR needs to be further verified. Our findings strengthened this notion in a relative short
follow-up time (median of 6.2 mo). The cut-off value of the LSM decreased slightly in patients with liver
cirrhosis (from 10.8 kPa to 7.1 kPa), wherein an LSM value of 7.1 kPa obtained with TE was defined as
the threshold for absence of or minimal fibrosis in patients with CHC[29]. The comparative analysis also
showed significant decrease in the LSM value in patients without fibrosis regression.

Apart from the CEI several studies have reported multiple hepatobiliary liver enhancement indexes
of Gd-EOB-DTPA-enhanced MRI, including RE (calculated as [SLy-SIygp]/SIygp of the liver
parenchyma), liver-to-portal vein contrast ratio (calculated by dividing the liver parenchyma SI by the
portal vein SI on HBP images), and liver-to-spleen contrast ratio (calculated by dividing the liver
parenchyma SI by the spleen SI on HBP images)[30-32]. In previous reports, the signals of the portal
vein and spleen were integrated with plasma or extracellular extravascular space exposure to the
contrast agent, thus showing that the liver-to-portal vein contrast ratio and liver-to-spleen contrast ratio
were more strongly related to liver function than to liver fibrosis[12,33]. Adjustment of the signal of the
paraspinal muscle for S, on the same slice was performed to normalize the shimming influences and
correct for technical bias. Compared with other organs, SI, ., was more stable and less influenced by
age and liver function. Jang et al[23] also validated this view. A few articles have shown similar
diagnostic accuracies for RE and the CEL In our study, RE was mildly negatively associated with liver
inflammation (r =-0.57, P = 0.007) and fibrosis (r = -0.44, P = 0.043) (unreported), possibly because the SI
of the liver after injecting Gd-EOB-DTPA changes, as the window level and width differ in the images
[34].

There were several limitations in our study. First, limited by the inclusion criteria, the sample size
was small, and the CEI% of patients with fibrosis regression was close to 1. We will explore further by
expanding the sample size. Second, we did not use MR elastography (MRE) or T1-mapping to predict
liver fibrosis, which have a superior diagnostic value in predicting liver fibrosis than Gd-EOB-DTPA-
enhanced MRI[35,36]. However, except for the influence of body mass index and ascites on TE, the
sequencing method in MRE is not unified, and the threshold value changes across different methods
[26]. In recent years, MR relaxometry in the form of T1 mapping has been considered promising as a
non-invasive method for characterizing hepatic fibrosis using the look-locker technique for
measurement. Our patients were enrolled between 2014 and 2016, when T1 mapping was not in use.
Third, although histology is a gold standard procedure, the tissues used in our study were all from liver
biopsies rather than from hepatectomy, and there may have been misjudgment regarding the
histological changes. Fourth, the mean follow-up duration after achieving SVR was only 6.2 mo, and a
longer follow-up period is warranted.

CONCLUSION

In conclusion, the CEI of Gd-EOB-DTPA-enhanced MRI can be used to diagnose liver fibrosis in patients
with CHC. The change of the CEI can be used to monitor fibrosis regression post SVR by DAA therapy.

ARTICLE HIGHLIGHTS

Research background

The histological change and non-invasive method surveillance after hepatitis C virus (HCV) eradication
by direct acting antiviral (DAA) therapy have not been elucidated. As using a liver-specific magnetic
resonance imaging (MRI) contrast, whether Gadolinium-ethoxybenzyl-diethylenetriamine penta-acetic
acid (Gd-EOB-DTPA) enhanced MRI can be used to diagnose and follow-up the liver fibrosis in patients
with chronic hepatitis C (CHC) has not been investigated.

Research motivation

The key issues are whether Gd-EOB-DTPA enhanced MRI can be used in diagnosing and following-up
in patients with CHC. The result will provide important information on non-invasive method selection
for dynamic assessment of liver fibrosis in patients with CHC and histology change after achieving SVR
treated by DAAs.
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Research objectives

To investigated the diagnostic and follow-up values of Gd-EOB-DTPA-enhanced MRI for hepatic
histology in patients with CHC. We further explore the value of Gd-EOB-DTPA enhanced MRI in
evaluating fibrosis regression in patients with CHC after achieving sustained virological response (SVR)
treated by DAAs.

Research methods

Chronic HCV infected patients with paired liver biopsy and Gd-EOB-DTPA enhanced MRI before and
after DAA treated was included. Contrast enhancement index (CEI) was calculated according with
signal intensity via MRI, and the correlation between CEI and histology change was evaluated. Fibrosis
regression was defined as a > 1-point decrease in the Ishak fibrosis score. The diagnostic and follow-up
values of the CE]I, liver stiffness measurements (LSM), aminotransferase (AST)-to-platelet ratio (APRI)
and Fibrosis-4 (FIB-4) were compared.

Research results

Thirty-nine patients with CHC were enrolled, with average age of 42.3 + 14.4 years and 20/39 (51.3%)
were male. Twenty-one enrolled patients had eligible paired Gd-EOB-DTPA-enhanced MRI and liver
tissues after achieving SVR. According to correlation and the hierarchical analysis, the CEI mainly
decreased with the progression of liver fibrosis. Compared with LSM, APRI and FIB-4, the CEI is more
useful for liver fibrosis diagnosis, the correlation between the CEI and fibrosis stage was relatively
stable and was not related to the treatment state. In paired analysis using liver pathology and CEI before
and after treatment, only the dynamic change in the CEI can be used to evaluate fibrosis regression after
achieving SVR.

Research conclusions

The CEI of Gd-EOB-DTPA-enhanced MRI can be used as a non-invasive method to diagnose liver
fibrosis in patients with CHC. The dynamic change of the CEI can be used to monitor fibrosis regression
post SVR in patients with CHC after DAA therapy.

Research perspectives
Larger and longer-term prospective studies in patients with CHC should be performed in future
studies.

ACKNOWLEDGEMENTS

We are sincerely grateful to the radiologists Dr. Xiao-Xuan Jia and Dr. Xin-Yu Zhang for their
involvement in the MRI analysis. We also thank Prof. Aileen Wee and Guang-De Zhou for their
involvement in the liver pathology confirmation. We also thank Hui-Xin Liu, MD, for help with the
statistical review.

FOOTNOTES

Author contributions: Li XH, Rao HY and Wei L designed the protocol of this study; Li XH, Huang R, Yang M, Wang
J, Gao YH, Jin Q and Ma DL collected the data; Li XH analyzed and interpreted the patient data and was major
contributors in writing the manuscript; Wei L and Rao HY give advice in study design, statistical analysis and
writing the manuscript; All authors read and approved the final manuscript.

Supported by National Natural Science Foundation of China, No. 81870406; and Nature Science Foundation of Beijing
Municipality, No. 7182174.

Institutional review board statement: This study was reviewed and approved by the Institutional Review Board of
Peking University People’s Hospital (2020PHB039-01), and the requirement for patient informed consent was
waived.

Informed consent statement: Patients were not required to provide informed consent for this study, as the analysis
used anonymous clinical data. The Institutional Review Board of Peking University People’s Hospital approved
waiving the requirement for patient informed consent.

Conflict-of-interest statement: Prof. Rao reports grants from National Natural Science Foundation of China (NSFC),
No. 81870406, and Beijing Natural Science Foundation, No. 7182174 during the conduct of the study.

Data sharing statement: No additional data are available.

WJG | https://www.wjgnet.com 2224 May 28,2022 | Volume?28 | Issue20 |



Li XH et al. Gd-EOB-DTPA-enhanced MRI in evaluating fibrosis regression

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: Xiao-He Li 0000-0001-6600-6067; Rui Huang 0000-0001-5561-8746; Ming Yang 0000-0001-5765-3844; Jian
Wang 0000-0002-9578-8288; Ying-Hui Gao 0000-0003-4532-3412; Qian Jin 0000-0002-5213-8680; Dan-Li Ma 0000-0002-
0936-6792; Lai Wei 0000-0003-2326-1257; Hui-Ying Rao 0000-0003-2431-3872.

S-Editor: Fan JR
L-Editor: A
P-Editor: Chen YX

REFERENCES

1  WHO. Global hepatitis report, 2017. Geneva: World Health Organization, 2017. [cited 10 October 2021]. Available from:

https://www.who.int

2 Global Burden of Disease Study 2013 Collaborators. Global, regional, and national incidence, prevalence, and years
lived with disability for 301 acute and chronic diseases and injuries in 188 countries, 1990-2013: a systematic analysis for
the Global Burden of Disease Study 2013. Lancet 2015; 386: 743-800 [PMID: 26063472 DOI:
10.1016/S0140-6736(15)60692-4]

3 Lohmann V, Bartenschlager R. Indelibly Stamped by Hepatitis C Virus Infection: Persistent Epigenetic Signatures
Increasing Liver Cancer Risk. Gastroenterology 2019; 156: 2130-2133 [PMID: 31034828 DOI:
10.1053/j.gastro.2019.04.033]

4 Ahumada A, Rayon L, Uson C, Banares R, Alonso Lopez S. Hepatocellular carcinoma risk after viral response in hepatitis
C virus-advanced fibrosis: Who to screen and for how long? World J Gastroenterol 2021; 27: 6737-6749 [PMID: 34790004
DOI: 10.3748/wjg.v27.140.6737]

5 Knop V, Hoppe D, Welzel T, Vermehren J, Herrmann E, Vermehren A, Friedrich-Rust M, Sarrazin C, Zeuzem S, Welker
MW. Regression of fibrosis and portal hypertension in HCV-associated cirrhosis and sustained virologic response after
interferon-free antiviral therapy. J Viral Hepat 2016; 23: 994-1002 [PMID: 27500382 DOI: 10.1111/jvh.12578]

6 Laursen TL, Siggaard CB, Kazankov K, Sandahl TD, Meller HJ, Tarp B, Kristensen LH, Laursen AL, Leutscher P,
Gronbaek H. Time-dependent improvement of liver inflammation, fibrosis and metabolic liver function after successful
direct-acting antiviral therapy of chronic hepatitis C. J Viral Hepat 2020; 27: 28-35 [PMID: 31502741 DOI:
10.1111/jvh.13204]

7 Jayaswal ANA, Levick C, Collier J, Tunnicliffe EM, Kelly MD, Neubauer S, Barnes E, Pavlides M. Liver cT, decreases
following direct-acting antiviral therapy in patients with chronic hepatitis C virus. Abdom Radiol (NY) 2021; 46: 1947-1957
[PMID: 33247768 DOI: 10.1007/s00261-020-02860-5]

8 Bluemke DA, Sahani D, Amendola M, Balzer T, Breuer J, Brown JJ, Casalino DD, Davis PL, Francis IR, Krinsky G, Lee
FT Jr, Lu D, Paulson EK, Schwartz LH, Siegelman ES, Small WC, Weber TM, Welber A, Shamsi K. Efficacy and safety of
MR imaging with liver-specific contrast agent: U.S. multicenter phase III study. Radiology 2005; 237: 89-98 [PMID:
16126918 DOI: 10.1148/radiol.2371031842]

9 Kim T, Murakami T, Hasuike Y, Gotoh M, Kato N, Takahashi M, Miyazawa T, Narumi Y, Monden M, Nakamura H.
Experimental hepatic dysfunction: evaluation by MRI with Gd-EOB-DTPA. J Magn Reson Imaging 1997; 7: 683-688
[PMID: 9243389 DOI: 10.1002/jmri.1880070413]

10 Kitao A, Matsui O, Yoneda N, Kozaka K, Kobayashi S, Koda W, Inoue D, Ogi T, Yoshida K, Gabata T. Gadoxetic acid-
enhanced MR imaging for hepatocellular carcinoma: molecular and genetic background. Eur Radiol 2020; 30: 3438-3447
[PMID: 32064560 DOI: 10.1007/s00330-020-06687-y]

11 Schulze J, Lenzen H, Hinrichs JB, Ringe B, Manns MP, Wacker F, Ringe KI. An Imaging Biomarker for Assessing
Hepatic Function in Patients With Primary Sclerosing Cholangitis. Clin Gastroenterol Hepatol 2019; 17: 192-199.e3
[PMID: 29775791 DOL: 10.1016/j.cgh.2018.05.011]

12 Yang M, Zhang Y, Zhao W, Cheng W, Wang H, Guo S. Evaluation of liver function using liver parenchyma, spleen and
portal vein signal intensities during the hepatobiliary phase in Gd-EOB-D TPA-enhanced MRI. BMC Med Imaging 2020;
20: 119 [PMID: 33081713 DOI: 10.1186/s12880-020-00519-7]

13 Kim SW, Kim YR, Choi KH, Cho EY, Song JS, Kim JE, Kim TH, Lee YH, Yoon KH. Staging of Liver Fibrosis by Means
of Semiautomatic Measurement of Liver Surface Nodularity in MRI. AJR Am J Roentgenol 2020; 215: 624-630 [PMID:
32755157 DOLI: 10.2214/AJR.19.22041]

14 Verloh N, Probst U, Utpatel K, Zeman F, Brennfleck F, Werner JM, Fellner C, Stroszczynski C, Evert M, Wiggermann P,
Haimerl M. Influence of hepatic fibrosis and inflammation: Correlation between histopathological changes and Gd-EOB-
DTPA-enhanced MR imaging. PLoS One 2019; 14: €0215752 [PMID: 31083680 DOI: 10.1371/journal.pone.0215752]

15 Chuang YH, Ou HY, Lazo MZ, Chen CL, Chen MH, Weng CC, Cheng YF. Predicting post-hepatectomy liver failure by
combined volumetric, functional MR image and laboratory analysis. Liver Int 2018; 38: 868-874 [PMID: 28987012 DOI:
10.1111/1iv.13608]

16 Mauro E, Crespo G, Montironi C, Londoflo MC, Hernandez-Gea V, Ruiz P, Sastre L, Lombardo J, Marifio Z, Diaz A,

WJG | https://www.wjgnet.com 2225 May 28,2022 | Volume?28 | Issue20 |

Jaishideng®


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-6600-6067
http://orcid.org/0000-0001-6600-6067
http://orcid.org/0000-0001-5561-8746
http://orcid.org/0000-0001-5561-8746
http://orcid.org/0000-0001-5765-3844
http://orcid.org/0000-0001-5765-3844
http://orcid.org/0000-0002-9578-8288
http://orcid.org/0000-0002-9578-8288
http://orcid.org/0000-0003-4532-3412
http://orcid.org/0000-0003-4532-3412
http://orcid.org/0000-0002-5213-8680
http://orcid.org/0000-0002-5213-8680
http://orcid.org/0000-0002-0936-6792
http://orcid.org/0000-0002-0936-6792
http://orcid.org/0000-0002-0936-6792
http://orcid.org/0000-0003-2326-1257
http://orcid.org/0000-0003-2326-1257
http://orcid.org/0000-0003-2431-3872
http://orcid.org/0000-0003-2431-3872
https://www.who.int/
http://www.ncbi.nlm.nih.gov/pubmed/26063472
https://dx.doi.org/10.1016/S0140-6736(15)60692-4
http://www.ncbi.nlm.nih.gov/pubmed/31034828
https://dx.doi.org/10.1053/j.gastro.2019.04.033
http://www.ncbi.nlm.nih.gov/pubmed/34790004
https://dx.doi.org/10.3748/wjg.v27.i40.6737
http://www.ncbi.nlm.nih.gov/pubmed/27500382
https://dx.doi.org/10.1111/jvh.12578
http://www.ncbi.nlm.nih.gov/pubmed/31502741
https://dx.doi.org/10.1111/jvh.13204
http://www.ncbi.nlm.nih.gov/pubmed/33247768
https://dx.doi.org/10.1007/s00261-020-02860-5
http://www.ncbi.nlm.nih.gov/pubmed/16126918
https://dx.doi.org/10.1148/radiol.2371031842
http://www.ncbi.nlm.nih.gov/pubmed/9243389
https://dx.doi.org/10.1002/jmri.1880070413
http://www.ncbi.nlm.nih.gov/pubmed/32064560
https://dx.doi.org/10.1007/s00330-020-06687-y
http://www.ncbi.nlm.nih.gov/pubmed/29775791
https://dx.doi.org/10.1016/j.cgh.2018.05.011
http://www.ncbi.nlm.nih.gov/pubmed/33081713
https://dx.doi.org/10.1186/s12880-020-00519-7
http://www.ncbi.nlm.nih.gov/pubmed/32755157
https://dx.doi.org/10.2214/AJR.19.22041
http://www.ncbi.nlm.nih.gov/pubmed/31083680
https://dx.doi.org/10.1371/journal.pone.0215752
http://www.ncbi.nlm.nih.gov/pubmed/28987012
https://dx.doi.org/10.1111/liv.13608

Li XH et al. Gd-EOB-DTPA-enhanced MRI in evaluating fibrosis regression

Jaishideng®

17

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Colmenero J, Rimola A, Garcia-Pagan JC, Brunet M, Forns X, Navasa M. Portal pressure and liver stiffness measurements
in the prediction of fibrosis regression after sustained virological response in recurrent hepatitis C. Hepatology 2018; 67:
1683-1694 [PMID: 28960366 DOI: 10.1002/hep.29557]

Choi YR, Lee JM, Yoon JH, Han JK, Choi BI. Comparison of magnetic resonance elastography and gadoxetate disodium-
enhanced magnetic resonance imaging for the evaluation of hepatic fibrosis. /nvest Radiol 2013; 48: 607-613 [PMID:
23538889 DOI: 10.1097/RLI.0Ob013e3 18289ff8f]

Goodman ZD. Grading and staging systems for inflammation and fibrosis in chronic liver diseases. J Hepatol 2007; 47:
598-607 [PMID: 17692984 DOI: 10.1016/j.jhep.2007.07.006]

Rozario R, Ramakrishna B. Histopathological study of chronic hepatitis B and C: a comparison of two scoring systems. J
Hepatol 2003; 38: 223-229 [PMID: 12547412 DOI: 10.1016/s0168-8278(02)00357-4]

Huang R, Rao H, Yang M, Gao Y, Wang J, Jin Q, Ma D, Wei L. Noninvasive Measurements Predict Liver Fibrosis Well in
Hepatitis C Virus Patients After Direct-Acting Antiviral Therapy. Dig Dis Sci 2020; 65: 1491-1500 [PMID: 31654313 DOI:
10.1007/s10620-019-05886-y]

Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, Conjeevaram HS, Lok AS. A simple noninvasive index
can predict both significant fibrosis and cirrhosis in patients with chronic hepatitis C. Hepatology 2003; 38: 518-526
[PMID: 12883497 DOI: 10.1053/jhep.2003.50346]

Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner J, S Sulkowski M, Torriani FJ, Dieterich DT, Thomas
DL, Messinger D, Nelson M; APRICOT Clinical Investigators. Development of a simple noninvasive index to predict
significant fibrosis in patients with HIV/HCV coinfection. Hepatology 2006; 43: 1317-1325 [PMID: 16729309 DOI:
10.1002/hep.21178]

Jang HJ, Min JH, Lee JE, Shin KS, Kim KH, Choi SY. Assessment of liver fibrosis with gadoxetic acid-enhanced MRI:
comparisons with transient elastography, ElastPQ, and serologic fibrosis markers. 4bdom Radiol (NY) 2019; 44: 2769-2780
[PMID: 31041497 DOI: 10.1007/s00261-019-02041-7]

Hsu WF, Lai HC, Su WP, Lin CH, Chuang PH, Chen SH, Chen HY, Wang HW, Huang GT, Peng CY. Rapid decline of
noninvasive fibrosis index values in patients with hepatitis C receiving treatment with direct-acting antiviral agents. BMC
Gastroenterol 2019; 19: 63 [PMID: 31029101 DOI: 10.1186/s12876-019-0973-5]

Toannou GN, Feld JJ. What Are the Benefits of a Sustained Virologic Response to Direct-Acting Antiviral Therapy for
Hepatitis C Virus Infection? Gastroenterology 2019; 156: 446-460.e2 [PMID: 30367836 DOI:
10.1053/j.gastro.2018.10.033]

Patel K, Sebastiani G. Limitations of non-invasive tests for assessment of liver fibrosis. JHEP Rep 2020; 2: 100067
[PMID: 32118201 DOI: 10.1016/j.jhepr.2020.100067]

Loomba R, Adams LA. Advances in non-invasive assessment of hepatic fibrosis. Guz 2020; 69: 1343-1352 [PMID:
32066623 DOL: 10.1136/gutjnl-2018-317593]

Pan JJ, Bao F, Du E, Skillin C, Frenette CT, Waalen J, Alaparthi L, Goodman ZD, Pockros PJ. Morphometry Confirms
Fibrosis Regression From Sustained Virologic Response to Direct-Acting Antivirals for Hepatitis C. Hepatol Commun
2018;2: 1320-1330 [PMID: 30411079 DOI: 10.1002/hep4.1228]

Poynard T, Munteanu M, Colombo M, Bruix J, Schiff E, Terg R, Flamm S, Moreno-Otero R, Carrilho F, Schmidt W, Berg
T, McGarrity T, Heathcote EJ, Gongales F, Diago M, Craxi A, Silva M, Boparai N, Griffel L, Burroughs M, Brass C,
Albrecht J. FibroTest is an independent predictor of virologic response in chronic hepatitis C patients retreated with
pegylated interferon alfa-2b and ribavirin in the EPIC? program. J Hepatol 2011; 54: 227-235 [PMID: 21056496 DOI:
10.1016/j.jhep.2010.06.038]

Watanabe H, Kanematsu M, Goshima S, Kondo H, Onozuka M, Moriyama N, Bae KT. Staging hepatic fibrosis:
comparison of gadoxetate disodium-enhanced and diffusion-weighted MR imaging--preliminary observations. Radiology
2011;259: 142-150 [PMID: 21248234 DOI: 10.1148/radiol.10100621]

Verloh N, Utpatel K, Haimerl M, Zeman F, Fellner C, Fichtner-Feigl S, Teufel A, Stroszczynski C, Evert M, Wiggermann
P. Liver fibrosis and Gd-EOB-DTPA-enhanced MRI: A histopathologic correlation. Sci Rep 2015; 5: 15408 [PMID:
26478097 DOL: 10.1038/srep15408]

Hako R, Kristian P, Jar¢uska P, Hakova I, Hockickova I, Schréter I, Janicko M. Noninvasive Assessment of Liver Fibrosis
in Patients with Chronic Hepatitis B or C by Contrast-Enhanced Magnetic Resonance Imaging. Can J Gastroenterol
Hepatol 2019; 2019: 3024630 [PMID: 31058108 DOI: 10.1155/2019/3024630]

Dahlqyvist Leinhard O, Dahlstrom N, Kihlberg J, Sandstrom P, Brismar TB, Smedby O, Lundberg P. Quantifying
differences in hepatic uptake of the liver specific contrast agents Gd-EOB-DTPA and Gd-BOPTA: a pilot study. Eur Radiol
2012; 22: 642-653 [PMID: 21984449 DOI: 10.1007/s00330-011-2302-4]

Katsube T, Okada M, Kumano S, Imaoka I, Kagawa Y, Hori M, Ishii K, Tanigawa N, Imai Y, Kudo M, Murakami T.
Estimation of liver function using T2* mapping on gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid enhanced
magnetic resonance imaging. Eur J Radiol 2012; 81: 1460-1464 [PMID: 21514080 DOI: 10.1016/j.ejrad.2011.03.073]

Wu WP, Hoi CI, Chen RC, Lin CP, Chou CT. Comparison of the efficacy of Gd-EOB-DTPA-enhanced magnetic
resonance imaging and magnetic resonance elastography in the detection and staging of hepatic fibrosis. Medicine
(Baltimore) 2017; 96: €8339 [PMID: 29049250 DOI: 10.1097/MD.0000000000008339]

Obmann VC, Berzigotti A, Catucci D, Ebner L, Grini C, Heverhagen JT, Christe A, Huber AT. T1 mapping of the liver
and the spleen in patients with liver fibrosis-does normalization to the blood pool increase the predictive value? Eur Radiol
2021; 31: 4308-4318 [PMID: 33313965 DOI: 10.1007/s00330-020-07447-8]

WJG | https://www.wjgnet.com 2226 May 28,2022 | Volume?28 | Issue20 |


http://www.ncbi.nlm.nih.gov/pubmed/28960366
https://dx.doi.org/10.1002/hep.29557
http://www.ncbi.nlm.nih.gov/pubmed/23538889
https://dx.doi.org/10.1097/RLI.0b013e318289ff8f
http://www.ncbi.nlm.nih.gov/pubmed/17692984
https://dx.doi.org/10.1016/j.jhep.2007.07.006
http://www.ncbi.nlm.nih.gov/pubmed/12547412
https://dx.doi.org/10.1016/s0168-8278(02)00357-4
http://www.ncbi.nlm.nih.gov/pubmed/31654313
https://dx.doi.org/10.1007/s10620-019-05886-y
http://www.ncbi.nlm.nih.gov/pubmed/12883497
https://dx.doi.org/10.1053/jhep.2003.50346
http://www.ncbi.nlm.nih.gov/pubmed/16729309
https://dx.doi.org/10.1002/hep.21178
http://www.ncbi.nlm.nih.gov/pubmed/31041497
https://dx.doi.org/10.1007/s00261-019-02041-z
http://www.ncbi.nlm.nih.gov/pubmed/31029101
https://dx.doi.org/10.1186/s12876-019-0973-5
http://www.ncbi.nlm.nih.gov/pubmed/30367836
https://dx.doi.org/10.1053/j.gastro.2018.10.033
http://www.ncbi.nlm.nih.gov/pubmed/32118201
https://dx.doi.org/10.1016/j.jhepr.2020.100067
http://www.ncbi.nlm.nih.gov/pubmed/32066623
https://dx.doi.org/10.1136/gutjnl-2018-317593
http://www.ncbi.nlm.nih.gov/pubmed/30411079
https://dx.doi.org/10.1002/hep4.1228
http://www.ncbi.nlm.nih.gov/pubmed/21056496
https://dx.doi.org/10.1016/j.jhep.2010.06.038
http://www.ncbi.nlm.nih.gov/pubmed/21248234
https://dx.doi.org/10.1148/radiol.10100621
http://www.ncbi.nlm.nih.gov/pubmed/26478097
https://dx.doi.org/10.1038/srep15408
http://www.ncbi.nlm.nih.gov/pubmed/31058108
https://dx.doi.org/10.1155/2019/3024630
http://www.ncbi.nlm.nih.gov/pubmed/21984449
https://dx.doi.org/10.1007/s00330-011-2302-4
http://www.ncbi.nlm.nih.gov/pubmed/21514080
https://dx.doi.org/10.1016/j.ejrad.2011.03.073
http://www.ncbi.nlm.nih.gov/pubmed/29049250
https://dx.doi.org/10.1097/MD.0000000000008339
http://www.ncbi.nlm.nih.gov/pubmed/33313965
https://dx.doi.org/10.1007/s00330-020-07447-8

World Journal of

Gastroenterology

Submit a Manuscript: https:/ /www.f6publishing.com World | Gastroenterol 2022 May 28; 28(20): 2227-2242

DOI: 10.3748 / wjg.v28.i20.2227 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Observational Study

ORIGINAL ARTICLE

First prospective European study for the feasibility and safety of

magnetically controlled capsule endoscopy in gastric mucosal

abnormalities

Milan Szalai, Krisztina Helle, Barbara Dorottya Lovasz, Adam Finta, Andras Rosztéczy, Laszlé Oczella, Laszld

Madacsy

Specialty type: Gastroenterology Milan Szalai, Adam Finta, Laszl6 Oczella, Laszl6 Madacsy, Department of Gastroenterology,
and hepatology Endo-Kapszula Health Centre and Endoscopy Unit, Székesfehérvar 8000, Hungary

Provenance and peer review: Krisztina Helle, Andras Rosztoéczy, Department of Internal Medicine, University of Szeged,
Unsolicited article; Externally peer Szeged 6725, Hungary

reviewed. Corresponding author: Laszl6 Madacsy, MD, PhD, Professor, Department of Gastroenterology,
Peer-review model: Single blind Endo-Kapszula Health Centre and Endoscopy Unit, No. 316 Budai Road, Székesfehérvar 8000,

Hungary. endomabtl @gmail.com
Peer-review report’s scientific
quality classification
Grade A (Excellent): 0 Abstract
Grade B (Very good): 0 BACKGROUND
Grade C (Good): C, C, C
Grade D (Fair): D
Grade E (Poor): 0

P-Reviewer: Kawano S, Japan; Nam
SJ, South Korea; Nishida T, Japan

While capsule endoscopy (CE) is the gold standard diagnostic method of
detecting small bowel (SB) diseases and disorders, a novel magnetically controlled
capsule endoscopy (MCCE) system provides non-invasive evaluation of the
gastric mucosal surface, which can be performed without sedation or discomfort.
During standard SBCE, passive movement of the CE may cause areas of the
complex anatomy of the gastric mucosa to remain unexplored, whereas the
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METHODS

Of outpatients who were referred for SBCE, 284 (male/female: 149/135) were
prospectively enrolled and evaluated by MCCE. The stomach was examined in
the supine, left, and right lateral decubitus positions without sedation. Next, all
patients underwent a complete SBCE study protocol. The gastric mucosa was
explored with the Ankon MCCE system with active magnetic control of the

capsule endoscope in the stomach, applying three standardized pre-programmed
computerized algorithms in combination with manual control of the magnetic

movements.
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RESULTS

The urea breath test revealed Helicobacter pylori positivity in 32.7% of patients. The mean gastric
and SB transit times with MCCE were 0 h 47 min 40 s and 3 h 46 min 22 s, respectively. The
average total time of upper gastrointestinal MCCE examination was 5 h 48 min 35 s. Active
magnetic movement of the Ankon capsule through the pylorus was successful in 41.9% of patients.
Overall diagnostic yield for detecting abnormalities in the stomach and SB was 81.9% (68.6%
minor; 13.3% major pathologies); 25.8% of abnormalities were in the SB; 74.2% were in the
stomach. The diagnostic yield for stomach/SB was 55.9% /12.7% for minor and 4.9%/8.4% for
major pathologies.

CONCLUSION

MCCE is a feasible, safe diagnostic method for evaluating gastric mucosal lesions and is a
promising non-invasive screening tool to decrease morbidity and mortality in upper gastro-
intestinal diseases.

Key Words: Bowel diseases; Capsule endoscopy; Diagnostic techniques; Gastrointestinal diseases; Gastric
mucosa; Helicobacter pylori
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Core Tip: We evaluate the feasibility, safety, and diagnostic yield of magnetically controlled capsule
endoscopy (CE) system developed by Ankon and AnX robotics that provides non-invasive evaluation of
the gastric mucosal surface, which can be performed without sedation or patient discomfort. During gold-
standard small bowel CE, passive movement may cause areas of the complex gastric mucosa to remain
unexplored, whereas the precision of magnetically controlled capsule endoscopy (MCCE) capsule
movements inside the gastrointestinal tract achieves better visualization of the entire mucosa, including the
stomach. The Ankon MCCE system is a promising, non-invasive screening tool that achieved ~90%
diagnostic yield of mucosal abnormalities in this study.
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study for the feasibility and safety of magnetically controlled capsule endoscopy in gastric mucosal abnormalities.
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INTRODUCTION

Capsule endoscopy (CE) is a non-invasive, painless, patient-friendly, and safe diagnostic method. It is
currently the gold standard examination for small bowel (SB) diseases, including inflammatory bowel
disease, suspected polyposis syndromes, unexplained abdominal pain, celiac disease, and obscure
gastrointestinal bleeding (OGIB). Small bowel capsule endoscopy (SBCE) provides excellent diagnostic
yield, which has been proven in many clinical trials since its introduction in the late 1990s. Currently, it
has a fundamental role in gastrointestinal (GI) endoscopy, especially in patients with suspected SB
diseases[1]. Attempts to expand the diagnostic role of CE to areas that are traditionally explored with
standard endoscopic procedures (gastroscopy and colonoscopy), e.g., the esophagus, stomach, and
colon. These aims have been challenged by significant drawbacks in the past due to a lack of optimal
preparation, standardized procedural design, and ability to visualize the entire mucosal surface[2]. A
common perception is that the anatomical structures of the stomach and colon are too complex for
adequate visualization with a passive capsule endoscope[3-5].

Although the SB seems to be a simple pipe, the more complex gastric anatomy with passive
movements may cause unexplored areas of the gastric mucosa when utilizing standard CE. Magnet-
ically controlled capsule endoscopy (MCCE) systems were developed over the past ten years to
precisely control capsule movements inside the GI tract and to achieve better visualization of the entire
mucosa, especially in the stomach. Different approaches have been developed and studied over time,
which have enabled manual steering or active movement of the capsule systems. The external magnetic
field seems to be the most adequate and energetically effective method for steering and holding the
capsule within the stomach[6,7].

According to recent, prospective studies that were mainly conducted in China, a methodology
developed by Ankon and AnX robotics could be an optimal method for non-invasive screening and
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early diagnosis of gastric diseases such as gastric cancer and intramucosal high-grade dysplasia. It has
the potential to become a valuable and accepted screening method in a population with high gastric
cancer risk[8].

The aim of this study was to evaluate the feasibility, safety, and diagnostic yield of the Ankon MCCE
system in patients with gastric and SB disorders who were referred to our endoscopy unit for SBCE
examination between September 2017 and December 2020. Our secondary aim was to evaluate the
overall gastric examinations, SB transit times (TTs) and efficacy of MCCE to achieve complete gastric
and SBCE investigation by utilizing the same upper GI capsule.

MATERIALS AND METHODS
Study design

Our present study prospectively enrolled outpatients who were seen at the Endo-Kapszula Endoscopy
Unit, Székesfehérvar, Hungary, between September 2017 and December 2020. A combined investigation
of the stomach and SB of patients referred to for SBCE was performed with a robotically MCCE system
(NaviCam, Ankon Technologies Co, Ltd, Shanghai, China).

The primary endpoint of the recent study was to investigate the diagnostic yield of MCCE in the
evaluation of gastric and SB abnormalities. The secondary endpoints were to evaluate the feasibility of
performing complete gastric and SB investigation by utilizing the same diagnostic procedure; to address
safety parameters, including adverse and severe adverse events, and to calculate the capsule TTs, such
as esophageal, gastric, and SB TTs, and the overall procedure time.

Patients

All patients who were referred to our endoscopy unit for SBCE and who agreed to our gastric study
protocol were included in the current study. During the study period, we enrolled 284 consecutive,
eligible patients, of which there were 149 males (52.5%) and 135 females (47.5 %), with a mean age of 44
years. Detailed patient characteristics are shown in Table 1. The indications of MCCE were iron
deficiency anemia, OGIB, suspected/established SB Crohn’s disease, suspected/confirmed celiac
disease, suspected SB neoplastic disease, carcinoid syndrome, and SB polyposis syndromes.

This study was approved by the Ethical Committee of the University of Szeged (Registry No.
5/17.04.26) and registered in the ClinicalTrials.gov trial registry (Identifier: NCT03234725). The present
study was conducted according to the World Medical Association's Declaration of Helsinki provisions
in 1995. Patients agreed to undergo capsule endoscopies and Helicobacter pylori (H. pylori) urea breath
tests (UBTs) by written informed consent.

Patient preparation for MCCE

According to the SBCE guidelines, we applied the following patient preparation and study protocol:
Patients followed a liquid diet and consumed 2 L of water with two sacks of polyethylene glycol (PEG)
the day before the study. First, H. pylori C** UBT was performed on the morning of the study, while the
patient was in a fasting condition. The UBT requires an average of 30 min, during which time the
patient should not consume any fluids or food. During that visit, the patient's medical history was
recorded, and a physical examination was performed. After the UBT, the patient ingested 2 dL water
with simethicone suspension (80 mg) to reduce mucus in the stomach. Then, to distend the stomach
properly, approximately 8-10 dL of clean water consumed by all patients within 10 min. Water ingestion
may be repeated as needed to enhance gastric distension during examination. After complete visual-
ization of the total gastric mucosal surface, active pyloric propulsion of the capsule was attempted in all
patients with the external magnetic field. If it was unsuccessful, 10 mg intravenous metoclopramide was
applied 60 min after the capsule was swallowed.

Contraindications of MCCE were the same as of those of SBCE and magnetic resonance imaging
(MRI) examination. In our study, absolute contraindications were the patients with previous abdominal
surgery and/or a previous capsule retention; with implanted MRI-incompatible electronic devices (e.g.,
implantable cardioverter-defibrillator and pacemakers), or magnetic, metal foreign bodies; and who
were not competent or refused the informed consent form; who were under age 18 or above age 70; and
those who were pregnant. A patency capsule test was initially performed in all patients to determine
those with relative contraindications, including known or suspected GI obstruction due to SB Crohn’s
disease, neoplasia, or SB surgery.

Technical methods of MCCE

Our system involves a special static magnet with robotic and manual guidance, computer workstation
with ESNavi software (Ankon Technologies Co, Ltd) (Figure 1), magnetic capsule endoscope, capsule
locator, and data recorder. The capsule endoscope sizes 26.8 x 11.6 mm, weighs 4.8 g, and has a
permanent spherical magnet inside (Figure 2). The operator can adjust the frequency of captured
pictures from 0.5 to 6 frames per second (fps). Capsule functioning can be stopped temporarily and

WJG | https://www.wjgnet.com 2229 May 28,2022 | Volume?28 | Issue20 |



Szalai M et al. Robotically controlled magnetic capsule endoscopy

Table 1 Indications of small bowel capsule endoscopy (grouped by gender)

All cases Male Female
Patient characteristics
n 284 149 135
Age (mean * SD) 440+133 440+133 44.0+133
BMI 26.5 27.1 255
Indications
OGiV 61 (21.5%) 30 (20.1%) 31 (22.9%)
Celiac disease 80 (28.2%) 40 (26.8%) 40 (29.7%)
Crohn’s or susp. Crohn’s 47 (16.5%) 31 (20.9%) 16 (11.9%)
Unexplained abdominal pain 92 (32.4%) 47 (31.5%) 45 (33.3%)
Susp. SB tumor 4 (1.4%) 1(0.7%) 3(2.2%)
13C urea breath test
No. of performed tests 110(38.7%) 56 (50.1%) 54 (49.1%)
Positive 36 (32.7%) 16 (44.4%) 20 (55.6%)
Negative 74 (67.3%) 40 (54%) 34 (46%)

BMI: Body mass index; SB: Small bowel.

DOI: 10.3748/wjg.v28.i20.2227 Copyright © The Author(s) 2022.

Figure 1 Robotic C-arm, investigation table, and computer workstation for magnetically controlled capsule endoscopy.

restarted by the operator remotely from the workstation. The picture resolution is 480 x 480 pixels, and
the field of view is 140°. The illumination can be automatically adjusted by an automatic picture
focusing mechanism, which enables the view depth to shift from 0 mm to 60 mm. Depending on the fps,
the battery life can be over 10 h, which allows combined gastric and SB capsule investigations with the
same capsule.

The magnetic robotic C-arm generates an adjustable magnetic field outside of the body with a
maximum strength of 0.2 T, which allows precise controlled movements in three spatial directions.
During the process, the physician guides the magnetic capsule by two joysticks in any chosen, spatial
direction or along its axis, and therefore, he can rotate or tilt it. Moreover, the capsule can advance
forward 360° by a rotational automatism in the direction of the capsule visual axis, which is helpful for
transposition of the capsule from the long axis of the stomach.

The capsule locator is a unique device that activates the capsule by infrared light prior to the patient
swallowing it. The presence of the capsule can be detected in the case of suspected capsule retention
(Figure 3).

The system is capable of real-time digital transmission of images to the operating system. At the same
time, it is continuously obtaining information about the gyroscope, which is built into the capsule
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Figure 2 Magnetic capsule endoscope (NaviCam).

DOI: 10.3748/wjg.v28.i20.2227 Copyright © The Author(s) 2022.

Figure 3 Capsule locator device.
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[three-dimensional (3D) motion detector]. It also receives data from the actual spatial location of the
camera and localizes the capsule inside the body at any time. The data recorder (Figure 4) may receive
all motion information and high-quality pictures via wireless transmission from the capsule endoscope.
In contrast, the connection between the data recorder and the workstation via a USB wire makes visible
the real-time pictures and gyroscope information.

Magnetic CE can be transferred along five different axes with the controlling magnet: two rotational
and three 3D spaces. To achieve this, there are two joysticks on the workstation desktop: the left one
controls the capsule in two rotational axes (horizontal and vertical directions) and the right joystick
directs it in the three translational axes (forward/backwards, up/down, left/right). Precise magnetic
control is achieved by positioning the examining table, modifying the position of the spherical magnet
axis along the 3D space, and dynamically adjusting the strength and direction of the vectorial magnetic
fields perpendicular to each other. The above-mentioned robotic systems can also automatically run the
magnetic field vector and position it by robotically controlled computer-based software (scripts) in
default mode, which can achieve a standardized mucosal scanning during the MCCE procedure
without the direct intervention of a physician.

MCCE study protocol and gastric stations

To achieve optimal gastric mucosal visualization and standardization of the MCCE protocol in the
stomach, we defined eight different stations with different patient positions to visualize the entire inner
gastric surface as during upper GI endoscopy. Changing the patient position from the left lateral
decubitus to the supine and right lateral position is necessary to combine gravity and magnetic force,
which improve capsule maneuvering (Figure 5). The capsule swallowed by the patients in the left lateral
decubitus position (Figure 6).
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Figure 4 Data recorder.
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Figure 5 Different magnetically controlled capsule endoscopy stations and capsule camera orientations defined to achieve a complete
gastric mucosal surface visualization and mapping (created by Zoltan Tébias, MD).
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Stations at the left lateral decubitus position: Station I. Visualization of the gastric fundus and subcar-
dial region with the cardia (posterior J type retroflexion).

After entering the stomach, the capsule was lowered into the large curvature at the body of the
stomach. The magnetic ball was held high up at the level of the patient's right shoulder. The capsule
camera was maintained in an obliquely upward orientation of 45° and then horizontally rotated to
observe the gastric fundus and the cardia (Figure 7A-C).

Station II. Moving closer to the cardia and the fundus (anterior J type retroflexion).

While using the right joystick, the ball magnet was lowered and fitted closely to the patient's right
arm. Due to the proximity of the magnetic field, the capsule rose to the anterior wall and small
curvature of the stomach. The capsule was then rotated with the camera oriented vertically upward to
observe the cardia up close, with the fundus at a distance (Figure 7D-F).

Station III. Visualization of the gastric body from the fundus.

With the ball magnet in the same position, using the left joystick, the capsule camera was rotated and
tilted downwards, enabling visualization of the proximal body of the stomach (corpus) and the gastric
folds at the large curvature with a longitudinal view (Figure 7G-I).

Stations in the supine position: Station IV. Visualization of the angular incisure.

Patients were asked to lie on their back, in a supine position. The capsule was moved and located to
the distal body into the angular region due to a change of gravity and stepwise magnetic movements.
The magnetic ball was moved to the left upper abdomen (hypochondrium) and then lowered, close to
the patient abdomen. In this case, the capsule was raised to the anterior wall of the stomach; therefore,
the small curvature and the angular incisure were examined as well (Figure 8A-C).
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Figure 6 The capsule swallowed by the patients in the left lateral decubitus position. A: Patients and ball magnet position; B and C: Pictures of the
Z-line by CE from our database.
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Station V. Visualization of the larger curvature of the distal body from the angular incisure (U type of
retroversion).

The magnetic ball was moved to the epigastric area, close to the abdomen. Then the capsule camera
was oriented upward to observe the anterior wall of the gastric body. In this position, the capsule can be
turned and rotated (e.g., towards the cardia), enabling visualization of the distal body of the stomach
longitudinally, as in the endoscopic view of U-type retroversion (Figure 8D-F).

Stations at the right lateral decubitus patient position: Station VI. Visualization of the antral canal.

In the next phase, patients were asked to turn to the right lateral decubitus position. Due to the
gravity force, the capsule sank and moved spontaneously into the antral region. Then, the ball magnet
was positioned over the left kidney. The capsule was brought closer to the large curvature with the
camera oriented obliquely downward at 45°, which enabled observation of the antrum. Then, the antral
canal could be examined with the pylorus, and the angular incisure became visible from the antrum
(Figure 9A-C).

Stations in the supine position: Station VII. Prepyloric view and visualization of the pylorus.

After that, each patients were asked to lie on his or her back in the supine position. The ball magnet
was positioned close to the body on the right upper abdomen (hypochondrium). The capsule camera
was oriented horizontally and laterally toward the pylorus for closer observation. The magnet position
ensured that the capsule remained in the antrum. Using both the right and left joysticks, we moved the
capsule closer to the pylorus (Figure 10A-C).

Station VIII: Magnetically controlled transpyloric passage of the capsule.

The magnetic ball was placed at the patient's right side at the level of the duodenal bulb. The capsule
was then rotated until the camera faced the pylorus. The capsule was dragged close to the pylorus
under the guidance of the magnet robot. As the pylorus was opened, peristalsis assisted the capsule into
the duodenum. After transpyloric passage, first we depicted the duodenal bulb, then from the
descending and inferior horizontal part of the duodenum, we visualized the ampulla of the Vater by
tilting the capsule camera upwards to facilitate the retrograde view (Figure 10D-G).

Examining the small intestine

If the capsule entered via the small intestine, patients were asked to drink 1 L of PEG solution, and from
then on, they were requested to drink clear fluids (i.e., water). The movement of the capsule in the small
intestine was then monitored hourly in real-time visualization mode. The examination ended when the
capsule arrives at the colon or stops functioning due to the low battery.

RESULTS

An UBT test revealed H. pylori positivity in 32.7% of cases. (Table 2). No significant association with HP
status and the type (proximal or distal), distribution (diffuse or focal) and severity (minimal or active,
erosive) of the gastritis described on MCCE results were depicted.

The mean gastric, SB, and colon TT with MCCE was: 47 h 40 min (M/F: 44 h 15 min/51 h 14 min), 3 h
46 min 22 s (3 h 52 min 44 s/3 h 38 min 21 s) and 1 h4 min 34 s (1 h 1 min 16 s/1 h 8 min 53 s),

respectively. Average total time of MCCE examination: 5 h 48 min 35 s (5 h 46 min 37 s/5 h 50 min 18 s)
(Table 3).
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Table 2 The results of Helicobacter pylori C13 urea breath tests

n H. pylori positive % H. pylori negative % X P value

Normal 30 7 23% 23 77% 09775  0.3228 NS
Minor proximalgastritis 19 9 47% 10 53% 1529 0.2163 NS
Minor antralgastritis 19 4 21% 15 79%  1.0322  0.3096 NS
Active, erosive antralgastritis 15 6 40% 9 60% 0.3129 0.5759 NS
Proximal erosivegastritis 22 7 32% 15 68%  0.0069  0.9338 NS
Pangastritis (proximal and antral) 4 3 75% 1 25% 0.5 0.4795 NS
Total HP tested patients 110 36 33% 74 67% - = =

H. pylori: Helicobacter pylori.

Table 3 Mean gastric, small bowel, and overall transit times of magnetically controlled capsule endoscopy

Transit time All cases SD Male Female

Stomach 0h47 min40s 0h43 min29s 0Oh44 min15s 0h51 minl4s
Small bowel 3h46 min22s 2h1min24s 3h52min46s 3h38min2ls
Total 5h48 min35s 1h50min49s 5h46 min 37 s 5h50min18s

WIG |
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The diagnostic yields for detecting any abnormalities in the stomach and SB with MCCE were 81.9%:
68.6% for minor pathologies and 13.3% for major pathologies. 25.8% of the abnormalities were found in
the SB, and 74.2% were in the stomach. The diagnostic yield for stomach/SB was 4.9%/8.4% for major
pathologies and 55.9%/12.7% for minor pathologies (Table 4). In the stomach, ulcers and polyps were
considered major, while signs of gastritis were minor pathologies. In the SB signs of Crohn’s and celiac
disease were the major and non-specific inflammation, diverticula and angiodysplasia the minor
pathologies. Based on findings from MCCE examinations, the distribution of pathologies is depicted in
Table 5.

The capsule's active magnetic movement through the pylorus was successful using the magnet in
41.9% of all patients (automatized protocol in 56 patients and active manually controlled magnetic
activity in 63 patients) (Table 6).

In 18 (M/F: 6/12) patients (6.3%), SB visualization with MCCE was incomplete. There were 13
occurrences of incomplete examinations as a result of capsule depletion. In 3 of these 13 cases, the
capsule was depleted within 5 h of operation, indicating a manufacturing flaw. The average total study
time in the remaining 10 cases was 9 h 12 min 9 s. From the pylorus to the last image, the average transit
time was 8 h 26 min 4 s. The examination was discontinued sooner than planned in 3 cases due to the
patient's request. In 2 cases, there was capsule retention due to Crohn's-like ulceration, accompanied by
a narrow bowel lumen (Table 6). These problems were resolved spontaneously without surgery, but
with medical treatment. There were no serious adverse events or capsule retention during the study
period.

DISCUSSION

There are two main directions in developing capsule endoscopes with active movements: internally and
externally guided techniques. Internal guidance means that the locomotive system is integrated into the
capsule, but these systems require longer-lasting batteries for full functionality. Its main advantage is a
more precise navigation with the help of the internalized locomotive system. External guidance refers to
outwardly conducted capsule movements, e.g., with a magnetic control unit or device/moving arm
generating the magnetic field. The exceptional advantage of this method is that the magnetic field (and
its adjustment) built by the external unit controls the locomotive mechanism, thus making this an
energy-saving solution. However, a disadvantage of this technique is that it is limited to more passive,
less flexible locomotion. The examining physician controls the capsule outside the body with an external
control unit, which decreases the accuracy of the spatial and temporal movements. Locomotion of the
capsule endoscope would result in numerous long-term advantages in the diagnostics and therapy of GI
diseases (focused biopsies, treatment options, e.g., laser tumor ablation, local targeted release of certain
medications, and endoscopic ultrasound applications)[1].
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Table 4 Diagnostic yield of magnetically controlled capsule endoscopy

Diagnostic yield Major Minor Total
Total 38 (13.3%) 195 (68.6%) 233 (81.9%)
Gastric 14 (4.9%) 159 (55.9%) 173 (60.8%)
SB 24 (8.4%) 36 (12.7%) 60 (21.1%)

SB: Small bowel.

Table 5 Distribution of pathologies detected by magnetically controlled capsule endoscopy

Pol Ulcus . ... Small intestinal . . Aspecific infalmmation
y? . - Coeliakia Crohn Gastritis . . Angiodysplasia . P
ventriculi ventriculi diverticula in small bowel
Major pathologies 5 9 1 23 159 1 26 9

Table 6 Distribution of different types of transpyloric transit in complete and incomplete small bowel studies

Transpyloric transit

Cases Mean total Mean gastric ~ Mean SB - - -
(n) transittime transit time transittime  With ma.gnet by With magnet  Without
automatic protocol manually magnet

Total study population 284 5h48min35s 0h47min40s 3h46 min22s 56 (19.7%) 63 (22.2%) 165 (58.1%)
Incomplete studies 18 7h13min4ls 0h52min35s 6h19min5ls 2 5 11

(6.3%)
The capsule depleted (>5 10 9h12min9s 0h46 min5s 8h26min4s 0 3 7
h) (3.5%)
The capsule depleted (<5 3 (1%) 2h23min25s 0h24min9s 1h51min22s 1 0 2
h)
The patient requested to 3 (1%) 4h45min9s 0h50min3s 3h55min6s 1 1 1
terminate
The capsule stopped 2(0.7%) 8h19min36s 2h1lmin33s 6h8min33s 0 1 1

because of a disease

SB: Small bowel.

Magnetic assisted capsule endoscopy (MACE) systems have been developed over the past 5-10 years,
primarily for research goals. Experiences drawn from previously conducted in vitro studies showed that
locomotion and precision of the capsule are significantly influenced by the physical characteristics of the
generated magnetic field created by the external magnetic unit while travelling in the human body/[1].

In 2011, Olympus was the first to introduce a modified MRI machine prototype that moved a MACE
system which allowed the operator to successfully guide the capsule in a chosen spatial direction inside
the stomach after drinking water. However, the adoption of this diagnostic procedure did not spread
worldwide and get medical acceptance[6].

In 2014, IntroMedic developed a navigation (NAVI) magnetic capsule system that could be moved
externally with a small, hammer-shaped, external static magnet device. The technology involving a
magnet that assisted the physician in manually moving the capsule endoscope appeared viable and
valuable in many experimental settings. However, it did not achieve any breakthroughs, as it only
allowed sudden and harsh position changes of the capsule. In clinical trials studying the application of
the NAVI capsule system using a small cohort, 65%-86% of the mucosal layer of the stomach was
visualized accurately using external magnetically controlled locomotion after the ingestion of water. Its
diagnostic accuracy was similar to that of traditional gastroscopy[9]. Using a similar type of NAVI
capsule system, CE was performed on the large intestines, where magnetic locomotion directed the
capsule from the cecum to the sigmoid colon. At the same time, a colonoscopy probe was inserted to
monitor capsule movements to provide dilatation[10]. In iron deficiency anemia, after routine
colonoscopy of 49 patients, the performance of a MACE system was compared with the IntroMedic
Navi system in providing a diagnostic examination of the stomach and small intestine in one sitting.
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Figure 7 Stations I-lll at the left lateral decubitus position. A: Patients’ position (Station 1); B: Cardia by a gastroscope (Station I); C: Cardia by CE (Station
); D: Patients’ position (Station Il); E: Cardia by a gastroscope (Station Il); F: Cardia by CE (Station II); G: Patients’ position (Station Ill); H: Corpus by a gastroscope
(Station I11); I: Corpus by a capsule (Station IlI).
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According to the results, MACE detected more pathologies than by gastroscopy alone, and no
significant difference in diagnostic sensitivity was found between the methods when examining the
upper GI tract[11].

Precise locomotion of the magnetic capsule inside the GI tract by manual control is not possible due
to the variable density of tissues and variable distance of the capsule, e.g., in the stomach from the
external magnet. Moreover, exact spatial location of the capsule, its relation to the surrounding organs,
or the ante-/retrograde orientation cannot be judged accurately. Therefore, a control mechanism is
needed alongside the magnetic capsule, which is based on external robotics that enable the physician's
input to be executed (i.e., joystick: in forward, backward, upward, downward, and sideways directions).
By pre-programming instruction sequences (script) in the computing control unit to examine the
stomach from the fundus to the antrum, we created a reproducible examination of the complete inner
mucosal lining of the stomach, which lowered the variability among investigations. If the examining
physician notices significant pathology, he/she can intervene and move the examination to manual
control and revisit the alteration; doing so increases the number of images taken of the lesion and
optimizes the diagnostic accuracy of the study.

NaviCam was the first magnetically controlled capsule system that enables bidirectional data
transmission and robotic control. The capsule functions at 1-6 fps and its spatial orientation with
continuous monitoring of energy levels are transmitted via the recording vest to control the data and
screen of the computing unit. At the console, we can control the precise locomotion of the capsule,
image capturing speed, and brightness, as well as turn it on or off.
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Figure 8 Stations IV and V in the supine position. A: Patients’ position (Station IV); B: Angular incisure by a gastroscope (Station IV); C: Angular incisure by
CE (Station 1V); A: Patients’ position (Station V); B: Angular incisure by a gastroscope (Station V); C: Angular incisure by CE (Station V).

DOI: 10.3748/wjg.v28.i20.2227 Copyright © The Author(s) 2022.

Figure 9 Station at the right lateral decubitus patient position. A: Patients’ position (Station VI1); B: Antrum canal of stomach by gastroscope (Station VI);
C: Antrum canal of stomach by CE (Station VI).
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We combined manual and automatic, robotic capsule control to optimize the gastric procedure. As
we previously published in an in vitro setting, complete 100% visualization of the inner surface of a
plastic stomach model with the medium and large stomach autoscan program module and with the
freehand controlling method could be successfully achieved in all cases. With the small and medium
stomach mode, we could observe only 97.5% of the inner surface, because of the incomplete visual-
ization of the prepyloric region. With freehand method, we needed nearly twice as much average time
(749 s) to make a complete examination, compared to the robotic maneuvering with autoscan program
(390 s). In an everyday praxis, in each patient position, the following stations and capsule positioning
were performed after running the 3 different autoscan programs[12,13].

CE is a potentially patient-friendly and noncontact/infection-free diagnostic modality of screening for
gastric diseases, which may result in complete and excellent examinations of the stomach. During the
coronavirus disease 2019 pandemic, direct contact with the patients in the practice is a potential risk
factor for infections. Non-contact medicine is a possibility for further examinations, such as remote
control of CE[14]. The prevalence of focal gastric lesions (polyps, gastric ulcers, submucosal tumors, etc.)

WJG | https://www.wjgnet.com 2237 May 28,2022 | Volume28 | Issue20 |



Szalai M et al. Robotically controlled magnetic capsule endoscopy

DOI: 10.3748/wjg.v28.i20.2227 Copyright © The Author(s) 2022.

Figure 10 Stations VII and VIII in the supine position. A: Patient's position (Station VII); B: Antrum canal of stomach by gastroscope (Station VII); C:
Antrum canal of stomach by CE (Station VII); D: Patient’s position (Station VIII); E: Pyloric ring (Station VIII); F: Ampulla of Vater (Station VIII); G: Pylorus from the
duodenal bulb with a capsule (Station VIII).
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increases with age, and they may be detected with MCCE as effectively as with gastroscopy[8]. The
sensitivity is between 90% and 92%, and the specificity is between 94% and 96.7%[15]. Several studies
proved that, altogether, reliable preparation (gastric cleanliness), careful examination, and MCCE are
pivotal for adequate gastric visualization and, therefore, for the detection of superficial gastric
neoplasms[16]. In a large multicenter gastric cancer screening trial conducted in China seven
asymptomatic patients out of 3182 were diagnosed with advanced cancer by MCCE. Cancer prevalence
was highest in the gastric body (3 cases), followed by 2 cases in the cardia and 2 in the antrum, while 1-1
cases were detected in the region of the angulus, in the fundus and in the esophagus. All were
confirmed to be adenocarcinoma pathologically. These results indicate that screening with MCCE may
be useful in high family risk populations or people aged over 50 years old as a gastric cancer screening
modality[8].

Magnetic steering may also impact TTs, as delayed gastric transit of the CE (especially in patients
with gastroparesis) may lead to an incomplete SB exam. This method may increase the papilla detection
rate as well. In addition to magnetic steering, there are several other independent factors, such as male
gender and higher BMI, which increase gastric TTs and decrease SB TTs, thus impacting the time
required for CE completion[10]. Despite the fact that delayed gastric TT may cause incomplete SBCE, we
should avoid esophago-gastro-duodenoscopy to resolve temporary gastric capsule retention and instead
use MCCEJ17].

The visual diagnosis of the presence of H. pylori with standard white light endoscopy (WLI) has a
relatively low accuracy, especially in population with a low pretest probability. Moreover, WLI
endoscopy correlates poorly with histopathological findings of H. pylori induced gastritis too. Recently,
low quality retrospective studies proposed the theory, that with the application of a special electronic
chromoendoscopy, linked color imaging, diffuse reddish appearance of the mucosa in the gastric body
and fundic glands correlates with the presence of HP[18].

In our study we found no correlation between the HP status and the activity and type of gastritis
observed on MCCE as follows, but not included this into the Table 2, since it would be relevant in
another publication, focusing HP status and gastritis on MCCE.

MCCE is an excellent method to visualize the entire gastric mucosal surface up to 100% precision in
healthy volunteers[5]. In a previous study of 75 consecutive patients, we demonstrated that with our
combined method with automatic and manual control, a complete visualization of the cardia, fundus,
corpus, angulus, antrum, and duodenal bulb was 95.4%, 100%, 100%, 100%, 100% and 100%,
respectively. The ampulla of Vater was detected and observed in 20 patients (26%). Moreover, the
visualization of the distal esophagus and the Z-line was possible in 67/75 patients (89%), which was
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assessed as complete in 23, and partially complete in 44 patients. The mean stationary time for MCCE in
the distal esophagus was 1 min and 32 s[19].

The use of MCCE needs to be considered in western and eastern countries, as there are two different
scenarios, depending on the different levels of prevalence of UGI diseases and gastric cancer in each
country. Nowadays, MCCE is mostly used for the detection of malignant and premalignant gastric
lesions, which are more prevalent in eastern countries. However, the present technology opens the door
to further, new technologies; subsequent developments would allow MCCE technology to be extended
to other regions of the GI tract, e.g., the esophagus, which may facilitate the detection of more relevant
lesions, such as Barrett metaplasia in western countries as well. With second-generation MCCE, visual-
ization of the esophagus, Z-line, and duodenal papilla would be improved, according to a study by
Jiang et al[20] Furthermore, the gastric TT could shorten by one-third, which was nearly achieved by
conventional endoscopy with an examination of approximately 10 min.

It is known that the current gold standard gastroscopy has some clear disadvantages, as it is
commonly uncomfortable for patients, and therefore it is mostly performed under sedation, which
carries definite procedure related risks. MCCE, as a patient-friendly, non-invasive test, might be an
alternative for patients who refuse to undergo gastroscopy and increase patients” adherence for
screening. Furthermore, MCCE of the stomach was recently approved by the Chinese Food and Drug
Association for the following diagnostic indications: (1) As an alternative diagnostic tool for patients
who refuse to undergo gastroscopy; (2) Screening of gastric diseases as a part of physical examination;
(3) Screening for gastric cancer; (4) To diagnose various causes of GI inflammation; (5) To perform
follow-up for diseases like gastric varices, gastric ulcer, atrophic gastritis, and polyps after surgical or
endoscopic removal[21].

There is no similar study in the literature, as we performed a complete upper GI capsule examination,
including the stomach and the SB with the same capsule endoscope during MCCE. Denzer et al[22]
published a blinded, prospective trial from two French centers with the Intromedic manually controlled
MCCE. A total of 189 patients were enrolled into this multicenter study. Lesions were defined as major
(requiring biopsy or removal) or minor ones. The final gold-standard was unblinded conventional
gastroscopy with biopsy, under sedation with propofol. Twenty-three major lesions were found in 21
patients and in this population, the capsule accuracy was 90.5% as compared to gastroscopy. Of the
remaining 168 patients, 94% had minor and mostly multiple lesions; the capsule accuracy was 88.1%. All
patients preferred MCCE over gastroscopy[22].

One of the risk factors of incomplete SB capsule endoscopy is a prolonged gastric transit time, which
could be considered as a limitation of our combined gastric and SB study protocol. In our patient
population, the average gastric transit time with magnetic transpyloric, manual control was 26 min. In
contrast, in those cases where the magnetic transpyloric control failed, after examining the stomach, we
left the capsule to propel through the pylorus by spontaneous peristaltic activity. In these patient
groups, the average gastric transit time took 1 h and 9 min. In 10 cases out of 18 incomplete SB studies
caused by battery low energy, this event occurred in 3 patients with manual magnetic passage and in 7
patients with spontaneous transpyloric passage[23].

Visibility and identification of landmarks are important factors to consider in accurate examination of
stomach using MCCE. Gastric landmarks and typical stations described in the methods were always
forced to achieve during combined automatic and manual maneuvering. For improving the learning
curve of our gastroenterologist, we started to train the examinations in a plastic stomach model. In our
previously published abstract, we described the improvement of the learning curves with manual
magnetic controls both in experts and in trainees[1]. In this study, we find significant differences in the
examination time of the complete inner surface mapping between trainees and experts, and moreover
automatic protocols were faster and equally accurate as experts to achieve a complete inner surface
mapping.

The problem how to minimalize bubbles and mucoid secretions is an existing problem in real life
studies. To improve visibility, we established a unique preparation process with a combination of
bicarbonate, Pronase B, and simethicone combined with a patient body rotation technique[2]. Moreover,
in our described stations, we rotate our patients from left lateral to supine, then from supine top right
lateral, and finally from right lateral to supine position during MCCE study. During this protocol, the
gastric mucoid secretions also moving into different parts of the stomach due to the gravity making
visible all the landmarks and the majority of the mucosal abnormalities. Application of prokinetics or
motilin agonist erythromycin might also be an option in future studies to improve the visibility and
reduce gastric lake content[24,25].

An inherent limitation of our present study that we performed gastroscopy only in a few patients
with major gastric pathologies to accomplish final diagnosis and biopsy; and therefore, we could not
assess the accuracy of MCCE in all patients compared to gastroscopy. However, several previous
studies demonstrated excellent diagnostic value and high accuracy. In a recent meta-analysis of Zhang
et al[20] four studies with 612 patients were included, in which the results of blinded MCCE and
gastroscopy were compared. MCCE demonstrated a pooled sensitivity and specificity of 91% (95%ClI:
0.87-0.93) and 90% (95%CI: 0.75-0.96), respectively. The diagnostic accuracy of MCCE was 91% (95%Cl:
0.88-0.94) for assessing gastric diseases.
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CONCLUSION

MCCE is an effective and safe diagnostic method for evaluating gastric and SB mucosal lesions while
being utilized as a single upper GI capsule endoscope in patients referred for SBCE evaluation. MCCE
using the novel Ankon capsule endoscopic technique is a proper diagnostic method for evaluating the
gastric mucosa. It is a promising non-invasive screening tool that may be applied in future monitoring
of patients with high gastric cancer family risk to decrease morbidity and mortality of benign and
malignant upper GI disorders.

ARTICLE HIGHLIGHTS

Research background

While capsule endoscopy (CE) is the gold standard diagnostic method of detecting small bowel diseases
and disorders, a novel magnetically controlled capsule endoscopy (MCCE) system provides non-
invasive evaluation of the gastric mucosal surface, which can be performed without sedation or
discomfort.

Research motivation

During standard small bowel capsule endoscopy (SBCE), passive movement of the CE may cause areas
of the complex anatomy of the gastric mucosa to remain unexplored, whereas the precision of MCCE
capsule movements inside the stomach promises better visualization of the entire mucosa.

Research objectives
To evaluate the Ankon MCCE system’s feasibility, safety and diagnostic yield in patients with gastric or
small bowel disorders.

Research methods

Of outpatients who were referred for SBCE, 284 (male/female: 149/135) were prospectively enrolled
and evaluated by MCCE. The stomach was examined in the supine, left, and right lateral decubitus
positions without sedation. Next, all patients underwent a complete small bowel CE study protocol. The
gastric mucosa was explored with the Ankon MCCE system with active magnetic control of the capsule
endoscope in the stomach, applying three standardized pre-programmed computerized algorithms in
combination with manual control of the magnetic movements.

Research results

The urea breath test revealed Helicobacter pylori positivity in 32.7% of patients. The mean gastric and
small bowel transit times with MCCE were 47 min 40 s and 3 h 46 min 22 s, respectively. The average
total time of upper GI MCCE examination was 5 h 48 min 35 s min. Active magnetic movement of the
Ankon capsule through the pylorus was successful in 41.9% of patients. Overall diagnostic yield for
detecting abnormalities in the stomach and small bowel was 81.9% (68.6% minor; 13.3% major
pathologies); 25.8% of abnormalities were in the small bowel; 74.2% were in the stomach. The diagnostic
yield for stomach/small bowel was 55.9% /12.7% for minor and 4.9%/8.4% for major pathologies.

Research conclusions
MCCE is a feasible, safe diagnostic method for evaluating gastric mucosal lesions and is a promising
non-invasive screening tool to decrease morbidity and mortality in upper gastrointestinal diseases.

Research perspectives

MCCE is promising as a non-invasive screening tool that may be applied in future monitoring of
patients for evaluating gastric mucosal lesions and decreasing morbidity and mortality of benign and
malignant upper GI disorders.
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Abstract

BACKGROUND

Intramural duodenal hematoma is a rare condition described for the first time in
1838. This condition is usually associated with blunt abdominal trauma in
children. Other non-traumatic risk factors for spontaneous duodenal haematoma
include several pancreatic diseases, coagulation disorders, malignancy,
collagenosis, peptic ulcers, vasculitis and upper endoscopy procedures. In adults
the most common risk factor reported is anticoagulation therapy. The clinical
presentation may vary from mild abdominal pain to acute abdomen and intestinal
obstruction or gastrointestinal bleeding.

CASE SUMMARY

The aim of this case summary is to show a case of intramural spontaneous
hematoma with symptoms of intestinal obstruction that was properly drained
endoscopically by an innovative system lumen-apposing metal stent Hot
AXIOS™ stent (Boston Scientific Corp., Marlborough, MA, United States).

CONCLUSION
Endoscopic lumen-apposing metal stent Hot AXIOS™ stent is a safe and feasible
treatment of duodenal intramural hematoma in our case.

Key Words: Duodenal hematoma; Several pancreatic diseases; Endoscopy complication;
AXIOS™ stent; Case report
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Core Tip: The present case explored the feasibility, safety and efficacy of endoscopic ultrasound-guided
drainage of spontaneous duodenal hematoma. The new lumen-apposing self-expandable metallic stent Hot
AXIOS™ could be considered a valid alternative to conventional endoscopic incision of the hematoma by
using a needle-knife, a biopsy forceps or surgical drainage and percutaneous drainage to relieve pain and a
persistent duodenal ulcer.
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INTRODUCTION

Intramural duodenal hematoma (IDH) is a rare intestinal condition described for the first time at
autopsy in 1838[1], and the first source in the PubMed database accessing the MEDLINE database (
http:/ /www.ncbinlm.nih.gov/pubmed /) dates from 1952[2].

This condition is usually associated with blunt abdominal trauma in children[3] and upper
endoscopy procedures (duodenal biopsy or injection therapy for bleeding peptic ulcers) or various non-
traumatic conditions in adults (> 70% of cases). These include several pancreatic diseases even if the
association remains unclear, such as certain coagulation disorders (anticoagulant therapy, haemophilia,
Von Willebrand disease, Henoch-Schonlein purpura), malignancy, collagenosis, peptic ulcers and
vasculitis[4-7].

Clinical symptoms for IDH may vary from vague abdominal pain to acute abdomen, intestinal
obstruction or gastrointestinal bleeding[3,8], and diagnosis is subsequently confirmed by magnetic
resonance imaging or computed tomography (CT) and upper gastrointestinal endoscopy (UGIE).

Most IDH cases resolve spontaneously or with correction of abnormal coagulation. Percutaneous
drainage or surgery may be needed in some refractory IDH cases, malignancy, perforation and
intestinal tract obstruction.

Here we present the use of the innovative lumen apposing metal stent catheter (LAMS) Hot AXIOS™
(Boston Scientific Corp., Marlborough, MA, United States) in the case of spontaneous IDH with
intestinal substenosis, which was non-responsive to conservative management, in a patient without risk
factors. This innovative device, with a lumen apposing self-expandable metal stent fitted onto an
electrocautery-enhanced tip catheter, is safe and feasible in gallbladder drainage, choledochoduoden-
ostomy and drainage of pancreatic fluid collections. In recent years, Hot AXIOS™ has also been used for
off-label indications including gastrojejunostomy, gastro-gastrostomy and drainage of postsurgical
collections. Herein we report the use of Hot AXIOS™ in the rare digestive disorder spontaneous IDH.

CASE PRESENTATION

Chief complaints
A 51-year-old man was admitted to the hospital with abdominal pain, bloating and vomiting,.

History of present illness
The clinical data suggested a diagnosis of intestinal obstruction.

History of past illness
The patient did not report comorbidities or recent abdominal trauma without relevant previous medical
history and in particular without having taken anti-platelet medication.

Personal and family history
He did not have relevant family history.

Physical examination
Physical examination on admission revealed slight tenderness over the epigastric region and right flank.

Laboratory examinations
Initial biochemical analysis indicated neutrophilic leukocytosis (13.07 x 10°/L) and an increased level of
C-reactive protein without alterations of serum haemoglobin, D-dimer, platelet function and
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coagulation parameters.

Imaging examinations
A contrast-enhanced abdominal CT scan revealed an IDH (Figure 1A). On admission UGIE and then
endoscopic ultrasound (EUS) confirmed submucosal swelling of the second part of the duodenum that

measured approximately 90 mm along the long axis with substenosis of the duodenal lumen
(Figure 1B).

MULTIDISCIPLINARY EXPERT CONSULTATION

A conservative approach was attempted with clinical observation and empirical antibiotic therapy. The
patient was discharged in good clinical condition after 8 d of intravenous antibiotic therapy.

FINAL DIAGNOSIS

Intramural spontaneous duodenal hematoma.

TREATMENT

After 48 h the patient was readmitted to the hospital due to clinical relapse. Biochemical analysis
indicated a significant increase of both leukocytosis and C-reactive protein, and the radiological
evaluation confirmed the previous diagnosis. After 10 d a multidisciplinary evaluation was performed,
and minimally invasive endoscopic treatment was proposed.

EUS-guided drainage was performed with the Hot AXIOS™ system. A direct LAMS 15 mm x 10 mm
was inserted into the submucosa lumen with an electrocautery-enhanced tip catheter and released
under complete EUS control after the second flange was deployed in the duodenal lumen (Figure 2A).
UGIE control confirmed the correct LAMS placement, and hematinic material associated with slightly
purulent drainage was observed (Figure 2B).

OUTCOME AND FOLLOW-UP

A control CT scan demonstrated the presence of LAMS and the complete drainage of the intramural
collection (Figure 2C). The patient was discharged in good clinical condition after 7 d. After an
additional 2 wk he repeated UGIE, which revealed a complete resolution of the duodenal bulging, and
the LAMS was contextually removed with complete closure of the mucosal defect with a clip. At the 30-
d follow-up the patient was completely asymptomatic.

DISCUSSION

IDH is a rare condition usually caused by trauma, anticoagulant therapy, rupture of a duodenal
aneurysm or biopsy[4-7,9]. Rare cases of IDH have also been described as a consequence of acute
pancreatitis[3] or after endoscopic retrograde cholangiopancreatography procedures[10].

CT and magnetic resonance imaging represent the most sensitive diagnostic exams for IDH.
Radiological exams have a role both for diagnosis as well as follow-up of small bowel hematoma within
2 wk[11,12]. Once IDH is confirmed, conservative management with fasting and total parenteral
nutrition should be given[13]. Traditionally, in the case of persistent IDH, surgical drainage[14,15] and
percutaneous drainage were performed[16], both causing great trauma for the patient. The indications
for surgical intervention are not well clarified, certainly in the case of occlusive symptoms over 7-10 d or
where there is evidence of perforation with a generalized peritonitis[17].

To date there are few described cases of endoscopic drainage of duodenal hematoma. This consists of
endoscopic incision of the hematoma using a needle-knife or a biopsy forceps in order to obtain rapid
submucosal decompression[18,19] with improvement of abnormal laboratory findings and abdominal
pain in up to 1 wk. The persistence of duodenal ulcer at the site of endoscopic incision has also been
described with a complete resolution only after 1 mo[18].

In our case we had a patient with an unremarkable previous medical history, with no risk factors for
IDH who presented with intestinal pseudo-obstruction symptoms and leukocytosis without evidence of
pancreatitis. We first attempted a conservative approach according to the existing data, but after
recurrence of symptoms an endoscopic approach was proposed.
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Figure 1 Intramural duodenal hematoma. A: Contrast-enhanced abdominal computed tomography in coronal section; B: Endoscopic visualization with
substenosis of duodenal lumen.

DOI: 10.3748/wjg.v28.i20.2243 Copyright © The Author(s) 2022.
Figure 2 Intramural duodenal hematoma after endoscopic treatment. A: Endoscopic ultrasonography (EUS) image showed deployment of the distal

flange of a cautery-tipped lumen apposing metal stent (LAMS) in the intramural duodenal hematoma under EUS guidance; B: Endoscopic views showed the proximal
flange of the LAMS; C: Control abdominal computed tomography confirmed the correct position of the LAMS.

The Hot AXIOS™ Jumen-apposing stent is a novel double-flanged covered, self-expanding metal
stent, safe and effective in gallbladder drainage, choledochoduodenostomy and drainage of pancreatic
fluid collections. In the recent years, Hot AXIOS™ stents have also been used for off-label indications
including gastrojejunostomy, gastro-gastrostomy and drainage of postsurgical collections.

Here we present the use of Hot AXIOS™ in a rare but possible digestive disorder with a rapid and
complete resolution of this insidious clinical entity, as confirmed by CT scan and with only 7 d length of
stay without abnormal laboratory findings and abdominal pain after the procedure.

CONCLUSION

In our experience Hot AXIOS™ is a safe and effective endoscopic procedure for the treatment of IDH,
reserved for patients who are not responsive to conservative management. However, it should be
performed by expert endoscopists trained in EUS and radiological procedures. To reduce the rate of
postoperative complications and improve clinical outcome a previous careful clinical evaluation
focusing on coagulopathies is mandatory.
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Abstract

Recently, we read the article “Gut microbiome composition can predict the
response to nivolumab in advanced hepatocellular carcinoma patients” with
interest, and it is preliminary suggested that gut microbiota is closely related to
therapeutic effect of nivolumab. Based on the meaningful results of this article,
several valuable research directions are proposed to enhance the therapeutic effect
of immune checkpoint inhibitors on advanced hepatocellular carcinoma.
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Core Tip: We read the article “Gut microbiome composition can predict the response to
nivolumab in advanced hepatocellular carcinoma patients” with interest, and it is
preliminary suggested that the gut microbiota is closely related to therapeutic effect of
nivolumab. Future research should pay attention to the relationship between the gut
microbiota and therapeutic effect of immune checkpoint inhibitors (ICIs) on advanced
hepatocellular carcinoma and the way of regulating the gut microbiota to improve the
therapeutic effect of ICIs.
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TO THE EDITOR

We read with interest the article “Gut microbiome composition can predict the response to nivolumab in
advanced hepatocellular carcinoma patients”[1], in which the authors analyzed and summarized the
correlation between gut bacterial composition and the prognosis of nivolumab therapy in hepatocellular
carcinoma (HCC) patients. The highlight of this article was that gut microbiota composition and
diversity of responders differed significantly from those of non-responders following nivolumab
therapy. Several intestinal bacterial species such as Citrobacter freundii, Azospirillum species, and Entero-
coccus durans were specific to the responders. Moreover, a higher Prevotella/Bacteroides ratio and the
presence of Akkermansia species can serve as predictive markers of response. Altogether, the study not
only demonstrated that the therapeutic effect of nivolumab has something to do with the composition of
the gut microbiota in advanced HCC patients, but also provided some inspiration for future research
direction.

In our opinion, it is of importance to underline that the relationship between the therapeutic effect of
various immune checkpoint inhibitors (ICIs) such as pembrolizumab, nivolumab atezolizumab,
durvalumab, and avelumab on HCC and the gut microbiota. At present, the response rates to ICIs are
very low in advanced HCC. To be specific, the response rate to ICI monotherapy is merely 15%-23%,
which is increased to approximately 30% after combination treatment[2]. How to improve the effect-
iveness of ICI treatment is essential and has been extensively investigated. While the human gut
microbiota has been shown to be associated with clinical responses to ICIs in HCC[3], the available data
in this field remain limited and the relevant scientific work is only in the initial stage. Thus, more
research is required in the future. First, clinical studies with large sample sizes are needed to further
clarify the relationship between the gut microbiota and the therapeutic effect of various ICIs. At the
same time, which types of gut microbiota are suitable for which ICIs should also be figured out.
Furthermore, construction based on the gut microbiota can function as a prognostic marker for the
response to various ICI therapies. These results will provide clinicians with a valuable reference for
rational use of ICIs and personalized precision therapy. Second, the mechanism by which the gut
microbiota promotes the therapeutic effect of various ICIs needs to be further studied, with the focus on
key pathways such as intestinal mucosal barrier function, bacterial metabolites, and microorganism-
related molecular patterns, thus being conducive to discovering how to enhance the therapeutic effect of
various ICIs by targeting the gut microbiota. Third, probiotics, prebiotics, synbiotics, and antibiotics
may represent innovative, safe, and low-cost strategies for promoting the therapeutic effect of various
ICIs[4]. In this respect, it is of necessity to determine which beneficial bacteria and harmful bacteria are
bound up with the therapeutic effects of which ICIs. Meanwhile, it will also be significant to confirm
how probiotics, prebiotics, synbiotics, and antibiotics alter the composition of the gut microbiota and
how relevant it is to the therapeutic effect of various ICIs. In other words, these results will contribute to
the identification of probiotics, prebiotics, synbiotics, and antibiotics that may increase the efficacy of
ICIs when being used in combination. Last but not least, faecal microbiota transplantation (FMT) may be
a direct and superior approach to enhancing the therapeutic effect of various ICIs through modulating
the gut microbiota in human beings. Considering that, it is extremely valuable to explore the therapeutic
method of FMT in combination with ICIs. Besides, the optimal gut microbiota composition for
enhancing the therapeutic effect of various ICIs should be recognized. On this basis, it is of great
importance to choose the right donors[5].

In summary, based on the meaningful research results of this article, it is expected that readers can
pay attention to the relationship between the gut microbiota and therapeutic effect of ICIs on advanced
HCC and the method of regulating the gut microbiota to improve the therapeutic effect of ICls.
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