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Abstract

BACKGROUND

Prediction of survival after the treatment of hepatocellular carcinoma (HCC) has
been widely investigated, yet remains inadequate. The application of artificial
intelligence (Al) is emerging as a valid adjunct to traditional statistics due to the
ability to process vast amounts of data and find hidden interconnections between
variables. Al and deep learning are increasingly employed in several topics of
liver cancer research, including diagnosis, pathology, and prognosis.

AIM
To assess the role of Al in the prediction of survival following HCC treatment.

METHODS

A web-based literature search was performed according to the Preferred
Reporting Items for Systemic Reviews and Meta-Analysis guidelines using the
keywords “artificial intelligence”, “deep learning” and “hepatocellular
carcinoma” (and synonyms). The specific research question was formulated
following the patient (patients with HCC), intervention (evaluation of HCC
treatment using Al), comparison (evaluation without using AI), and outcome
(patient death and/or tumor recurrence) structure. English language articles were
retrieved, screened, and reviewed by the authors. The quality of the papers was
assessed using the Risk of Bias In Non-randomized Studies of Interventions tool.
Data were extracted and collected in a database.

RESULTS
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Among the 598 articles screened, nine papers met the inclusion criteria, six of
which had low-risk rates of bias. Eight articles were published in the last decade;
all came from eastern countries. Patient sample size was extremely heterogenous (
n = 11-22926). Al methodologies employed included artificial neural networks
(ANN) in six studies, as well as support vector machine, artificial plant
optimization, and peritumoral radiomics in the remaining three studies. All the
studies testing the role of ANN compared the performance of ANN with
traditional statistics. Training cohorts were used to train the neural networks that
were then applied to validation cohorts. In all cases, the AI models demonstrated
superior predictive performance compared with traditional statistics with
significantly improved areas under the curve.

CONCLUSION
Al applied to survival prediction after HCC treatment provided enhanced
accuracy compared with conventional linear systems of analysis. Improved
transferability and reproducibility will facilitate the widespread use of Al
methodologies.

Key Words: Deep learning; Artificial neuronal network; Recurrence; Liver transplantation;
Resection; Hepatocellular cancer

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Prediction of survival after the treatment of hepatocellular carcinoma (HCC)
has been widely investigated yet remains inadequate. The application of artificial
intelligence (Al) is an emerging adjunct to traditional statistics due to its ability to
process vast amounts of data and find hidden interconnections between variables. The
current study aimed to assess the role of various methodologies of Al in the prediction
of survival after treatment of HCC by performing a systematic review of the literature.

Citation: Lai Q, Spoletini G, Mennini G, Larghi Laureiro Z, Tsilimigras DI, Pawlik TM, Rossi
M. Prognostic role of artificial intelligence among patients with hepatocellular cancer: A
systematic review. World J Gastroenterol 2020; 26(42): 6679-6688

URL: https://www.wjgnet.com/1007-9327/full/v26/i42/6679.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i42.6679

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common primary liver malignancy and
the third most common cause of cancer-related death worldwide. Surgery, in the form
of liver transplantation and resection, is the mainstay of treatment as the only
potentially curative treatment option. Ablation has emerged as an alternative
treatment to resection for small tumors. In contrast, intra-arterial treatments and
chemotherapy can offer disease control and be used as part of a multimodal
therapeutic strategy!'l.

Many factors affect survival following the treatment of HCC. Among them, we can
consider background liver condition, radiologic and histologic characteristics of the
tumor, biologic markers, and comorbidities.

Traditionally, conventional linear models, such as the survival analysis and the Cox
proportional hazard models, have been used to evaluate the prognosis of HCCI*.
Nevertheless, linear systems can have considerable limitations and often fail to capture
the complexity of the interactions among clinicopathological characteristics””. With the
intent to overcome such constraints, artificial intelligence (AI) has been employed with
growing interest in healthcare research during the last decade, in particular applying
deep learning (DL) techniques in artificial neural networks (ANN)‘. ANN is a
mathematical model that resembles the structure and function of a biological neural
system using computer technology. It consists of a highly interconnected set of units,
beginning with an input layer (the data to be analyzed), one or more hidden layers
that process the data, and an output layer that provides the outcomes. The peculiarity
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of ANN is that it can be trained by exposing the network to examples of input/output
pairs, thus improving its reliability”. During DL, the model reassigns a different
weight to the connections within each hidden layer. ANN can learn from errors by
comparing any generated output with desired outputs. The error is backpropagated,
and the existing weights between connections are modified accordingly. Once learning
is complete, ANN can create connections and make predictions on datasets that have
not been observed before.

Al has been used to build models to predict a variety of outcomes related to HCC,
such as tumor diagnosis, pathology characteristics, response to treatment, and
survival”l. With the growing availability of big data from fields such as genomics, Al
can unravel otherwise hidden connections between tumor elements because of the
increasing computational power of modern technology!.

The objective of the current study was to systematically review the application of Al
and DL in the prediction of survival among patients who were treated for HCC, as
well as compare the performance of Al methods relative to linear prediction models.

MATERIALS AND METHODS

Search sources and study design

A systematic review of the published literature focused on the prognostic impact of Al
in the management of HCC was undertaken. The search strategy was performed
following the Preferred Reporting Items for Systemic Reviews and Meta-Analysis
(PRISMA) guidelines!'.

The specific research question formulated in the present study includes the
following PICO components: (1) Patient: Patient with a confirmed HCC; (2)
Intervention: Evaluation of HCC treatment using AI; (3) Comparison: Evaluation of
HCC treatment without using Al; and (4) Outcome: Patient death and/or tumor
recurrence. A search of the PubMed and Cochrane Central Register of Controlled
Trials Databases was conducted using the following terms: (Artificial intelligence OR
deep learning) AND (HCC OR hepatocellular carcinoma OR hepatocellular cancer).
The search period was from "1985/01/01" to "2020/02/29".

The systematic qualitative review included only English studies that included
human patients. Published reports were excluded based on several criteria: (1) Data on
animal models; (2) Lacked enough clinical details; and (3) Had non-primary source
data (e.g., review articles, non-clinical studies, letters to the editor, expert opinions, and
conference summaries). In the case of studies originating from the same center,
possible overlapping of clinical cases was examined, and the most informative study
was considered eligible.

Data extraction and definitions

Following a full-text review of the eligible studies, two independent authors (Lai Q
and Larghi Laureiro Z) performed the data extraction and crosschecked all outcomes.
During the selection of articles and extraction of the data, potential discrepancies were
resolved following a consensus with a third reviewer (Mennini G). Collected data
included the first author of the publication, year of publication, country, number of
reported cases, research question/purpose, the method used, and key findings.

Quality assessment

Selected studies were systematically reviewed with the intent to identify potential
sources of bias. The quality of the papers was assessed using the Risk of Bias In Non-
randomized Studies of Interventions tool™'l.

RESULTS

Search results and study characteristics

The PRISMA flow diagram schematically depicts the article selection process
(Figure 1). Among the 598 articles screened, a total of 127 studies reported on the use
of Al in HCC. Among these articles, only 9 (7.1%) studies referred to the use of Al in
the prediction of survival among patients with HCC and were included in this
review!>?. Other studies using Al in HCC were excluded; specifically, these studies
reported on the use of Al for the diagnosis of the tumor (n =76, 59.8%), identification
of specific genes or pathways (n = 17, 13.4%), prediction of tumor response after
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Figure 1 Preferred Reporting ltems for Systemic Reviews and Meta-Analysis flowchart of the literature search and study selection.
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therapy (n = 16, 12.6%), and the prediction of pathological aspects (n =9, 7.1%)
(Figure 2). All studies included in the analytic cohort were published in the last decade
except for one that was published in 1995'"’. All articles were from Asia; five studies
were based on a population from Taiwan!"'", two from Chinal"**", one from Japan!'?,
and one from Indial""l.

Qualitative assessment of the included studies

Results from the qualitative assessment of the included studies are depicted in
Figure 3. Six studies had a low risk of bias, while two studies were at high risk for bias,
mainly due to the presence of potential confounders. In one study, due to the absence
of clear data explaining the characteristics of the comparison groups, the risk of bias
was unclear.

Review of the eligible studies

Data extracted from the nine eligible articles are reported in detail in Table 1. The
largest studies were based on the same population of patients coming from the Taiwan
Bureau of National Health Insurance. All patients had a diagnosis of a malignant
neoplasm of the liver and underwent a hepatectomy between 1998-2009 (n =
22926)U*51 In all other studies, the sample size was smaller than 1000 cases, and in two
cases, the sample size was smaller than 100071,

The use of ANN in populations of patients who underwent surgery was reported in
six articles!*'*¥l. The outcomes investigated included in-hospital postoperative
mortality, long-term overall survival!>>'***, and disease-free survival after hepatic
resection!”’l. Several other studies used different AI systems rather than ANN.
Specifically, a support vector machine was used for the development of predictive
models relative to the recurrence of HCC following radiofrequency ablation!".
Besides, an Artificial Plant Optimization algorithm was used to assess the effectiveness
and efficiency to predict HCC recurrence. Peritumoral radiomics was used to predict
early recurrence after HCC curative-intent resection or ablation’.

A cohort was used in the majority of studies to train the AI network!"*'*'**l; in one
study, a double five-fold cross-validation loop method was adopted!”. In all studies,
Al demonstrated superior predictive performance compared with other traditional
models. In several studies, the ANN outperformed logistic regression or Cox
regression models™'**l. In all cases, the prediction accuracy of the AI models
expressed as the areas under the curve was significantly improved compared with
traditional statistical techniques!"*'*'"l.
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Ref. Country/region n Research question/purpose Method used Key findings
Hamamoto Japan 11 ANN for the prediction of survival after HCC resection. ANN was trained with the data of 54 resected patients The outcomes in the prospective cohort were successfully predicted
et all'”l, 1995 and then prospectively used. in all the cases (10 successful, 1 died).
Ho et all", Taiwan 482 To validate the use of ANN model for predicting 1-, 3-, and 5-  Training set: 80% of the cases; validation set: Remaining ~ The ANN model outperformed the other models in terms of
2012 yr disease-free survival after hepatic resection, and to compare 20% of the cases. prediction accuracy (AUC for 5-yr disease-free survival: 0.864 vs
it with LR and decision tree model. 0.627-0.736).
Shi et all'], Taiwan 22926  ANN model for predicting in-hospital mortality in HCC This study analyzed administrative claims data obtained = Compared to the LR models, the ANN models had a better
2012 surgery patients and to compare it with LR models. from the Taiwan Bureau of National Health Insurance. accuracy rate in 97.28% of cases, and a better ROC curve in 84.67%
of cases.
Shi et all'"), Taiwan 22926  To validate the ANN models for predicting 5-yr mortality in This study analyzed administrative claims data obtained = Compared to the LR models, the ANN models had a better
2012 HCC resected patients, and to compare them with LR models.  from the Taiwan Bureau of National Health Insurance. accuracy rate in 96.57% of cases, and a better receiver operating
characteristic curves in 88.51% of cases.
Chiu et al,  Taiwan 434 To compare significant predictors of mortality for HCC Training set: 80% of the cases; validation set: Remaining ~ The results indicated that ANN had double to triple numbers of
2013 resected patients between ANN and LR models, and to 20% of the cases. significant predictors at 1-, 3-, and 5-yr survival models as
evaluate the predictive accuracy of ANN and LR in different compared with LR models. Scores of accuracy, sensitivity,
survival year estimation models. specificity, and AUC using ANN were superior to those of LR.
Qiaoetall”l,  China 543; ANN for the prediction of survival in early HCC cases Training set: 75% of the cases; internal validation set: In the training cohort, the AUC of the ANN was larger than that of
2014 182; following partial hepatectomy. Remaining 25% of the cases; external validation set. the Cox model (0.855 vs 0.826, P = 0.0115). These findings were
104 confirmed with the internal and external validation cohorts.
Liang et all'®l,  Taiwan 83 Use of support vector machine for the development of Five feature selection methods including genetic The developed support vector machine-based predictive models
2014 recurrence predictive models for HCC patients receiving RFA  algorithm, simulated annealing algorithm, random forests using hybrid methods had averages of the sensitivity, specificity,
treatment. and hybrid methods were utilized. and AUC as 67%, 86%, and 0.69.
Retall'”,2019 India 152 To use artificial plant optimization algorithm to select optimal  Different methods tested. The sampling based multiple measurement artificial plant
features and parameters of classifiers to improve the optimized random forest classifier with statistical measure showed
effectiveness and efficiency of prediction of HCC recurrence. the best results (balanced accuracy: 0.955).
Shan et al®™),  China 156 Peritumoral radiomics for the prediction of early recurrence Training cohort (n = 109) and validation cohort (1 = 47). In the validation cohort, the ROC curves, calibration curves and

2019

after HCC curative resection or ablation.

Using CT images, two regions of interest were delineated
around the lesion for feature extraction o tumoral
radiomics and peritumoral radiomics.

decision curves indicated that the CT-based peritumoral radiomics
model had better calibration efficiency and provided greater
clinical benefits.

ANN: Artificial neural network; HCC: Hepatocellular carcinoma; AUC: Area under the curve; LR: Logistic regression; RFA: Radiofrequency ablation; CT: Computed tomography; ROC: Receiver operating characteristic.
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DISCUSSION

The use of Al in healthcare began in the early 1970s and has gained increased
acceptance over the last decades. In particular, the development of Al in medical
research and its clinical applications have gained popularity, in part because of the
widespread use of Al in almost all fields of human life”"l. The current literature search
revealed that many Al studies focused on diagnosis, and the application of Al to
distinguish the radiological features of HCC. The identification and diagnostic
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Articles on AI and HCC

Tumor diagnosis

Tumor genomic aspects

Prediction of tumor response after LRT

Prediction of pathological aspects

Prediction of survival

Figure 2 Different articles exploring the impact of artificial intelligence as diagnostic or prognostic tool in the setting of hepatocellular
carcinoma management. Al: Artificial intelligence; HCC: Hepatocellular carcinoma; LRT: Locoregional therapy.
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Figure 3 Results of the Risk of Bias In Non-randomized Studies of Interventions tool for the extracted articles.

discrimination of benign vs malignant liver masses has been the objective of a previous
systematic review that noted Al could differentiate liver cancer and, in particular,
HCC from other lesions better compared with other methods such as Bayesian models
and expert radiologists image inspection”. The present systematic review is important
because it is the first to summarize the ability of Al systems to predict patient survival
following treatment of HCC. Our results revealed that different types of Al methods
have been employed in the existing studies with heterogeneous patient sample sizes.
The majority of the included studies (n = 6/9) utilized ANN for the analysis of
predictors of post-treatment survival, which is in line with the results of other
systematic reviews on the prediction of outcomes” 1. Considering the need for more
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accurate prediction, investigators have compared Al techniques with traditional linear
models to optimize treatment decision-making. Although several prediction models
have utilized both pre- and postoperative variables, these models have not proved
useful in clinical decision-making since they require information that can only be
available after resection or other treatment. In contrast, models with only preoperative
variables can help guide treatment strategies in the preoperative setting!*’l.

Importantly, our systematic review revealed that the prediction of survival using Al
methodology was highly accurate and remained robust in studies with limited sample
sizes, although current knowledge in prediction modeling using Al has noted that Al
performs better when applied to larger sample sizes™. Although the reason for the
consistent high predictive accuracy of Al models is multifactorial, the complexity of Al
models (e.g., a higher number of events per variable) further reinforces the superiority
of their performance, which might explain the outstanding results even when used in
smaller size studies!.

Reproducibility and applicability of Al models in clinical practice and across
different centers might be questioned due to the difficulties in acquiring and utilizing
a dedicated software to process the data. In addition, as ANN learns from examples,
one may argue that ANN needs to be trained before it can be applied to varying
datasets that are different from the one it was initially built on. Nevertheless, what
emerged from this systematic review was that Al could be an outstanding adjunct to
conventional linear systems of analysis to predict post-treatment survival. Cucchetti
et al”! made their ANN available online so that other centers can test and possibly
enrich their model aiming to predict HCC tumor grade and micro-vascular invasion
preoperatively. Besides, when applied to other aspects of HCC, Al is particularly
useful for exploring interconnections of big data such as in genomics. ANN combined
with genotyping for microsatellite mutations/deletions was able to predict HCC
recurrence after liver transplantation with an 85% accuracy in the center where the
model was developed, and with 89.5% accuracy when examined in data from another
center™]. Al applied to radiomics is increasingly investigated: Machine learning has
been used to provide a quantitative interpretation of computed tomography scans to
reclassify indeterminate nodules and potentially avoid biopsy and improve patients
safety™). Similarly, neural network algorithms have been built with the intent to
objectively and reproducibly provide liver imaging reporting and data system
categories concordant with the expert radiologists classifcation™.

One of the downsides associated with the application of ANN in clinical practice
might be the disproportionate number of input factors per patient (too many, e.g.,
thousands of proteins for gene expression) relative to the number of patients (too
little). The risk of overfitting the dataset can be mitigated by strictly filtering out
potentially irrelevant variablest™l. In particular, selecting the variables to use as input
factors in ANN using traditional statistics has been employed as a strategy to improve
efficiency and reduce redundancy of the AI model, as confirmed by all of the studies
using ANNSs included in this systematic review. When analyzing cancer patient data (
i.e., too many dimensions for a relatively small number of samples), combining DL
with other techniques of machine learning have been used to identify prognostic gene
signatures and differentiate between better and worse prognosis in patients with
various types of tumors including HCCP™.,

CONCLUSION

Artificial intelligence can provide an enhanced prediction of survival following
treatment of HCC compared with conventional linear models. The use of Al can be
particularly helpful to process large amounts of data, as well as help identify patterns
and associations that are not evident with traditional techniques given the complexity
of the biological systems. Al has a promising role in health-care research and its
application to HCC. While an increasing amount of data becomes available per
patient, it is important to identify to what extent Al can help guide clinical decision-
making and optimize the prediction of long-term outcomes based on the unique
characteristics of each patient.
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ARTICLE HIGHLIGHTS

Research background

Prediction of survival after the treatment of hepatocellular carcinoma (HCC) has been
widely investigated, yet remains inadequate. The application of artificial intelligence
(AI) is emerging as a valid adjunct to traditional statistics due to the ability to process
vast amounts of data and find hidden interconnections between variables. Al and deep
learning are increasingly employed in several topics of liver cancer research, including
diagnosis, pathology, and prognosis.

Research motivation
Al applied to survival prediction after HCC treatment should provide enhanced
accuracy compared with conventional linear systems of analysis.

Research objectives
Improved transferability and reproducibility will facilitate the widespread use of Al
methodologies.

Research methods

A web-based literature search was performed according to the Preferred Reporting
Items for Systemic Reviews and Meta-Analysis guidelines using the keywords
“artificial intelligence”, “deep learning” and “hepatocellular carcinoma” (and
synonyms).

Research results

Among the 598 articles screened, nine papers met the inclusion criteria, six of which
had low-risk rates of bias. Eight articles were published in the last decade; all came
from eastern countries. Patient sample size was extremely heterogenous (n = 11-
22926). AI methodologies employed included artificial neural networks (ANN) in six
studies, as well as support vector machine, artificial plant optimization, and
peritumoral radiomics in the remaining three studies. All the studies testing the role of
ANN compared the performance of ANN with traditional statistics. Training cohorts
were used to train the neural networks that were then applied to validation cohorts. In
all cases, the Al models demonstrated superior predictive performance compared with
traditional statistics with significantly improved areas under the curve.

Research conclusions
Al applied to survival prediction after HCC treatment provided enhanced accuracy
compared with conventional linear systems of analysis.

Research perspectives
Improved transferability and reproducibility will facilitate the widespread use of Al
methodologies.
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