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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 MVI 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.

Citation: Lv K, Cao X, Du P, Fu JY, Geng DY, Zhang J. Radiomics for the detection of microvascular invasion in 
hepatocellular carcinoma. World J Gastroenterol 2022; 28(20): 2176-2183
URL: https://www.wjgnet.com/1007-9327/full/v28/i20/2176.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i20.2176

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 
MVI 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 ROI. They found that the AFP level, non-smooth tumor 
margins, arterial peritumoral enhancement, and radiomics signatures of HBP T1WI 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 MVI, 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/VOIentire, VOI50%, 
and VOIpenumbra

In-house software written in 
Python 3.6.1

AST, AFP, tumor margin, growth 
pattern, capsule, peritumoral enhance, 
RVI, R-score of VOIentire on PP

Feng et al[27] MRI/HBP of Gd-EOB-DTPA/160/tumoural and 
peritumoural (1cm) regions

ITK-Snap NA

Yang et al[28] MRI/T1, T2, DWI, Gd-EOB-DTPA MRI AP, PVP, DP, 
and HBP/208/tumor

ITK-Snap AFP, nonsmooth tumor margin, arterial 
peritumoral enhancement, radiomics 
signatures of HBP T1WI and HBP T1 
maps

Nebbia et al[29] MRI/T1, T2, DWI, Gd-DTPA MRI AP and 
PVP/99/tumoural and peritumoural (1 cm) regions

NA NA

Hu et al[30] US/Grayscale US/482/tumor A.K. software radiomics score, AFP, and tumor size

Dong et al[31] US/Grayscale US/322/tumor and peri-tumor (half of 
the tumor radius)

MITK NA

Li et al[35] PET-CT/[18F]FDG PET-CT/80/areas with abnormal 
uptake

Lifex software SUVmax, TLR, Rad-score

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; [18F]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; SUVmax: Maximum standard 
uptake value; TLR: Maximum SUV of the tumor/mean SUV of the normal liver; US: Ultrasound; VOIentire: Entire-volumetric interest; VOI50%: 50% of the 
entire tumor volume; VOIpenumbra: A region with 5 mm distance to tumor surface.

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 (18FDG-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 18FDG-PET is related to the recurrence rate of HCC and patient survival, and that the 
combination of MRI and 18FDG-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 [18F]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 (AI)-based 
applications, there is now an opportunity to apply AI 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 CNNs to classify the 
images. Therefore, along with the prediction of MVI, the use of AI-based technology is also expected to 
identify individual MVI.

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.

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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