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Abstract

Introduction: Because of recent developments in treat-
ments for hepatocellular carcinoma (HCC), methods for
determining suitable therapy for initial or recurrent HCC
have become important. This study used artificial intel-
ligence (Al) findings to establish a system for predicting
prognosis of HCC patients at time of reoccurrence based
on clinical data as a reference for selection of treatment
modalities. Methods: As a training cohort, 5,701 obser-
vations obtained at the initial and each subsequent
treatment for recurrence from 1,985 HCC patients at a
single center from 2000 to 2021 were used. The valida-
tion cohort included 5,692 observations from patients at
multiple centers obtained at the time of the initial treat-
ment. An Al calculating system (PRAID) was constructed

based on 25 clinical factors noted at each treatment from
the training cohort, and then predictive prognostic val-
ues for 1- and 3-year survival in both cohorts were
evaluated. Results: After exclusion of patients lacking
clinical data regarding albumin-bilirubin (ALBI) grade or
tumor-node-metastasis stage of the Liver Cancer Study
Group of Japan, 6th edition (TNM-LCSGJ 6th), ALBI-TNM-
LCSGJ 6th (ALBI-T) and modified ALBI-T scores confirmed
that prognosis for patients in both cohorts was similar.
The area under the curve for prediction of both 1- and 3-
year survival in the validation cohort was 0.841 (sensi-
tivity 0.933 [95% Cl: 0.925-0.940], specificity 0.517 [95%
Cl: 0.484-0.549]) and 0.796 (sensitivity 0.806 [95% ClI:
0.790-0.821], specificity 0.646 [95% Cl: 0.624-0.668]),
respectively. Conclusion: The present PRAID system
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might provide useful prognostic information related to
short and medium survival for decision-making regard-
ing the best therapeutic modality for both initial and

recurrent HCC cases. © 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

Several reports have noted development of therapies for
hepatocellular carcinoma (HCC), including surgical resec-
tion (SR) [1], ablation including radio frequency ablation
(RFA) [2], transcatheter arterial chemoembolization
(TACE) [3], systemic therapy including immunotherapy
[4], and multi-targeting agents [5, 6]. Nevertheless, HCC
was recently reported to be the sixth most commonly
diagnosed cancer worldwide and the third leading cause
of cancer death [7]. As for reasons for the poor prognosis of
HCC patients, high recurrence rates and coexistence of
basal liver diseases (e.g., chronic viral hepatitis infection,
alcohol abuse) are considered to be important factors.

Guidelines and therapeutic treatment algorithms for HCC
have been reported [8-14], though all propose the same
strategies for treating initial and recurrent HCC. Different
from other malignant tumors, the prognosis of an HCC
patient depends not only on the therapeutic modality em-
ployed but also on clinical factors, such as hepatic reserve
function [15, 16], tumor burden, malignant potential [17],
and remaining hepatic reserve volume, as well as others.
Because of recent developments in systemic therapy for
unresectable HCC including intermediate-stage cases [18],
consideration of suitable treatments for cases with unresect-
able status, not only at the time of the initial diagnosis but also
at the time of recurrence, has become important for prolong-
ing survival. There is no doubt that the level of invasiveness in
association with maintenance of liver reserve and antitumor
effects related to treatment are important factors when
considering strategies for treatment planning.

The present study was conducted to establish a prediction
system using artificial intelligence (AI) for short-term (1
year) and medium-term (3 years) prognosis of HCC patients
at the time of recurrence based on routine clinical informa-
tion, including treatment modality, for use as a reference
when selecting treatment for obtaining a better prognosis.

Materials and Methods

A total of 1,985 HCC patients with a variety of clinical courses
diagnosed and treated at Ehime Prefectural Central Hospital from
2000 to 2021 were enrolled as the training cohort. Data related to
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each treatment for either initial or recurrent HCC given to a single
patient were treated as one dataset. Following exclusion of patients
who remained alive with a survival period of less than 1 year or
within 3 years from the last relevant treatment, 4,944 cases
including those of recurrence were analyzed as models of survival
after 1 year, while 4,264 cases were analyzed as models of survival
after 3 years (Fig. 1). Cases that fit those models but have an
observation period shorter than 1 or 3 years, respectively, were
excluded from survival analysis because clinical factors were used
for evaluation of predictive factors of survival at 1 and 3 years. To
confirm predictive values for analysis as a validation cohort, data
including clinical factors from 5,692 HCC patients at the time of
the initial treatment were obtained from multiple collaborating
institutions.

Underlying Liver Disease

Positive anti-hepatitis C virus (anti-HCV) findings were con-
sidered to indicate that HCC was due to hepatitis C virus (HCV),
whereas HCC due to hepatitis B virus (HBV) was determined
when the HBV surface antigen was positive. For patients with a
history of alcohol abuse (260 g/day) [19, 20], underlying liver
disease was judged as related to alcohol. In the present study, we
treated chronic hepatitis viral-infected patients with alcohol abuse
as those with viral etiologies.

Liver Function Assessment

For assessment of hepatic reserve function, albumin-bilirubin
(ALBI) score [21, 22] was used along with modified ALBI grade
(mALBI), for which ALBI grade 2 is divided into two subgrades (2a
and 2b) using an ALBI score of —2.27 as the cutoff value [23].

HCC Diagnosis and Treatment

HCC diagnosis was based on an increasing course of alpha-
fetoprotein (AFP) as well as dynamic CT [24], magnetic resonance
imaging [25, 26], and/or pathological findings obtained during the
clinical course. BCLC stage [27] and tumor-node-metastasis
(TNM) staging, determined based on TNM staging for HCC
conducted by the Liver Cancer Study Group of Japan, 6th edition
(LCSG]J 6th) [28] (TNM-LCSG]J 6th), were utilized for evaluations
of tumor progression.

Conventional Integrated Scoring System for Predicting Prognosis

Japan integrated staging (JIS) score, a combination of Child-
Pugh class and TNM-LCSGJ 6th [15], as well as ALBI-TNM-
LCSGJ 6th (ALBI-T) score, a combination of ALBI grade and
TNM-LCSGJ 6th [22], and mALBI-T, a combination of mALBI
grade and TNM-LCSG] 6th [23], were used for comparing prog-
noses between the training and validation cohorts.

Al System and Analyses

The XGBoost software library was used as a Python package
(https://xgboost.readthedocs.io/en/stable/python/python_intro.
html) for development of an Al system to establish a prognosis
prediction system, which was termed the prediction of prognosis
of HCC by Al for treatment decision-making (PRAID) system
(Fig. 2) (https://livercancer.onrender.com/). Development of the
system was done by Amane Saito of Amatechno Co., Ltd.

Available clinical information for the 25 factors at the time of
administration and/or diagnosis was analyzed for use in the
present analysis, as shown as follows:
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Training cohort (n = 1985)

Total number in observations = 5,701t

Validation cohort (n = 5692)3

757 observations*

Analysis for survival
at 1-year time point

4,944

1,437 observations**

| Analysis for survival
at 3-year time point

4,264

627 observations*

5,065

1,334 observations**

4,358

Fig. 1. Flow of patient selection in present study for building PRAID system. "Total dataset from all treatments for
initial and recurrent HCC cases in training cohort of 1,985 patients. SDataset from initial treatments performed
for validation cohort. *Dataset of relevant surviving patients with survival period <1 year from last treatment.
**Dataset of relevant surviving patients with survival period <3 years from last treatment.

e Basic clinical factors included patient age, gender, body mass
index, Eastern Cooperative Oncology Group performance sta-
tus (ECOG PS), positive for HBV antigen, positive for anti-
HCV, alcohol-related liver disease if not positive for HBV
antigen or anti-HCV, and hepatic reserve function (ALBI score
used as absolute value).

e Clinical factors related to tumors included maximum intra-
hepatic tumor size (cm) and number (0, 1, 2, 3, 4, 5, 6; >5 or
diffuse type considered as 6), cumulative tumor burden (intra-
hepatic tumor number x maximum intrahepatic tumor size
(cm) including relevant treatment), with cumulative number of
tumors treated in the past including at the time of relevant
treatment also used as an explanatory variable, positive for
extrahepatic metastasis, positive for portal vein tumor throm-
bosis shown by imaging (none, Vpl, Vp2, Vp3, Vp4), positive
for AFP (cutoff value 100 ng/mL), fucosylated AFP (AFP-L3)
(cutoff value 10%), and positive for PIVKA-II (cutoff value
100 mAU/mL).

¢ Clinical factors related to therapy included the main therapeutic
modality selected (SR, ablation, TACE, systemic treatment, radio-
therapy) at the time of the related treatment, cumulative number
of past treatments, and period since most recent treatment. For
expedience, an intrahepatic tumor number >5 or diffuse type was
treated as 6 tumors. When TACE and RFA were given in
combination, RFA was the main therapeutic modality.

Because of the existence of nonlinearity in medical data and the
corresponding lack of data when utilizing results obtained in

Al for HCC Treatment Selection

clinical practice, as well as the significance of “variable importance”
when interpreting analysis results, a machine learning method
termed gradient boosting decision tree (GBDT) was utilized.
GBDT was performed using the XGBoost software library to
decide which branch to assign to missing values during training,
a strong point because complements for data that are lacking are
not necessary [29-31]. We have not handled autocorrelation in the
present analysis because the GBDT model is a nonlinear model,
unlike generalized linear model, and it can avoid multicollinearity
problems [32]. In this analysis, we used Bayesian optimization and
tuned the hyperparameters (online suppl. material; for all online
suppl. material, see https://doi.org/10.1159/000530078).

Based on the explanatory variables described above, a model
was created to predict the probability of survival after 1 and
3 years, and then values obtained with the Shapley Additive
Explanations (SHAP) method were used to analyze the effects of
each explanatory variable on the predicted value. SHAP values
were evaluated by importing the SHAP module (https://shap.
readthedocs.io/en/latest/index.html) into Python, and then the
model was trained to minimize binary logarithmic loss (Lo-
gLoss). GBDT hyperparameters were determined by tuning the
model so as to minimize average LogLoss from a five-part cross-
validation. Because the GBDT model in this case minimizes
LogLoss, the probabilities are well calibrated from a mathe-
matical point of view [33]. It was confirmed that there is no
significant deviation between the prognostic value and the
actual establishment in reliability diagram (online suppl.
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Fig. 2. Interface for PRAID system (https://
livercancer.onrender.com/). Instead of
albumin-bilirubin (ALBI) score, serum al-
bumin and total bilirubin are used with this
system to calculate ALBI score for analysis.
BMI, body mass index; ECOG PS, Eastern
Cooperative Oncology Group performance
status; AFP, alpha-fetoprotein; AFP-L3, fu-
cosylated AFP; PIVKA-II, protein-induced
vitamin K absence or antagonist-II; Vp,

If there is no corresponding item data, leave that item blank.
* Intrahepatic tumor number >5 or diffuse type was treated as 6 tumors.

Days since last treatment (first consultation=0)
Age

Gender Male
BMI

Number of admissions (e.g., first consultation=1, second=2)

(" Total number of intrahepatic tumors at time of relevant treatment

(*)Cumulative number of intrahepatic tumors including relevant treatment

Maximum size (cm) of intrahepatic tumor

(*)INumber X maximum size {cm) of intrahepatic tumor at time of relevant treatment
(*)Cumulative number x maximum size (cm) including relevant treatment

ECOGPS © 0 1 20304

Albumin (g/dL)

Total bilirubin (mg/dL)

AFP < 100 (ng/mL) <100 >=100

AFP-L3 < 10 (%) © <10 © »>=10

PIVKA-Il < 100 (mAU/mL) <100 >=100

Portal vein tumor thrombosis (Vp) 0 1 2 3 4

Female

Extrahepatic metastasis Negative Positive

Etiology © HCV O HBV O HBV+HCV O Alcohol O Others

Treatment Ablation Resection TACE Radiation Systemic treatments (e.g. MTA, ICI)
Predict

portal vein tumor thrombosis; HCV, hep-
atitis C virus; HBV, hepatitis B virus;
TACE, transcatheter arterial chemoembo-
lization; MTA, multi-targeting agent; ICI,
immune checkpoint inhibitor; BSC, best
supportive care.

1-year: none %
3-year: none %

Fig. 1), and calibration was not performed in the present
analysis. The analysis code is available to the public on the
web (https://github.com/amapen/LiverCancerAnalysis). Calcu-
lations were performed to determine the receiver operating
characteristic curve and area under the curve (AUC). When
values are shown as median, interquartile range is also
presented.

Results

Clinical features of the enrolled 1,985 patients in the
training cohort are shown in Table 1. Median age was
71 years, and 1,423 (71.7%) were male. Hepatitis viral
infection-related HCC was noted in 1,392 (70.1%). Of
1,985, 379 did not have chronic viral infection or past
history of alcohol abuse. Of the 379, nonalcoholic fatty
liver disease or nonalcoholic steatohepatitis might be
main basal disease in 352, while 27 were due to auto-
immune hepatitis (n = 8), primary biliary cholangitis
(n = 14), glycogen storage disease (n = 3), Wilson’s
disease (n = 1), and post-Fontan procedure (n = 1). As
for mALBI grade, which was 1 in 751, 2a in 422, 2b in
639, and 3 in 173, curative treatments (liver transplan-
tation, SR, ablation) were performed in 1,255 (63.2%).
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The median observation period was 29.0 months (in-
terquartile range 6.9-63.8) (Table 1). Clinical features of
the 5,692 patients without history of HCC treated at
multiple institutions used for validation analysis are
shown in Table 2.

The training cohort (n = 1,985), which had 5,701
datasets including from the time of initial diagnosis of
HCC and recurrence, were used to make the “PRAID
system.” For the 1-year survival analysis, 757 of the
total 5,701 datasets were excluded because they were
alive but had not yet reached 1 year, while 1,437 sets
were excluded from 3-year survival because they were
alive but had not yet reached 3 years. The validation
cohort (n = 5,692) treated at multiple institutions was
used for validation testing. Of those, 627 and 1,334
sets were excluded from 1- and 3-year survival, re-
spectively, because they were alive but had not yet
reached those time periods (Fig. 1). A GBDT model
was adopted for the present study because that
was more accurate as compared to a neural network
model (data not shown). SHAP values for 1- and 3-
year survival were evaluated for highlighting the
importance of clinical factors, with the amount of
positive or negative impact on the predicted value

Hiraoka et al.
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Table 1. Clinical features of training cohort at initial treatment including cases lacking some data (n = 1,985)

Age, years*

Male (%)

ECOG PS (0:1:2:3:4:ND)

Etiology (HCV:HBV:HBV+HCV:alcohol:others)
ALBI score*

mALBI grade (1:2a:2b:3)

AFP, ng/mL*

AFP-L3, %*

PIVKA-II, mAU/mL*

Intrahepatic tumor size, maximum, cm*
Number of intrahepatic tumors. 1:2:3:4:5:>5 or diffuse type
Vp (0:1:2:3:4)

EHM positive, n (%)

TNM-LCSGJ 6th (LILNEIV)

Initial treatment (LT:SR:ablation:TACE:chemotherapies':others including BSC)
Treatment for recurrence (SR:ablation:TACE:chemotherapyt:others including BSC)

Number of treatments per patient*
Observation period, months*

71 (64-77)

1,423 (71.7)
1,289:229:92:72:35:268
1,193:180:19:214:379

—2.33 (-2.78 to —1.94)
751:422:639:173

17.2 (5.6-153.8) (ND 17)
3.7 (0.5-17.6) (ND 223)

103 (29-1,331) (ND 39)

2.8 (1.8-5.0)
1241:334:105:57:37:211
1,790:21:53:62:59

106 (5.3)

427:855:430:273
1:597:658:365:71:293 (16:7:7:41:1:9)
147:933:2,146:425:65
(t131:52:136:9:13:6:160:12:6)
2 (1-5)

29.0 (6.9-63.8)

ECOG PS, Eastern Cooperative Oncology Group performance status; HCV, hepatitis C virus; HBV, hepatitis B virus; ND, no data
patients’ number; ALBI score, albumin-bilirubin score; mALBI grade, modified ALBI grade; AFP, alpha-fetoprotein; AFP-L3,
fucosylated AFP; PIVKA-II, protein-induced vitamin K absence or antagonist-II; Vp, portal vein tumor thrombosis; EHM, extrahepatic
metastasis; TNM-LCSGJ 6th, tumor-node-metastasis stage of Liver Cancer Study Group of Japan, 6th edition; LT, liver trans-
plantation; SR, surgical resection; TACE, transcatheter arterial chemoembolization; chemotherapy, chemotherapy including
systemic treatments; HAIC, hepatic arterial infusion chemotherapy; ICl, immune checkpoint inhibitor; BSC, best supportive

care. *Median (interquartile range).

TAtezolizumab plus bebacizumab:lenvatinib:sorafenib:HAIC:clinical trial:others.
T Atezolizumab plus bebacizumab:lenvatinib:sorafenib:regorafenib:ramucirumab:cabozantinib:HAIC:clinical trial with ICl:others.

shown in Figure 2. In Figure 3, colors from red to blue
are linked to greater or lesser value of each explan-
atory variable.

Following exclusion of patients lacking clinical data related
to Child-Pugh score, ALBI score, and/or TNM-LCSGJ 6th
stage, prognoses of those in the training and validation
cohorts according to JIS, ALBI-T, and mALBI-T scores
are shown in Figure 4, with median survival time results
presented in Table 3. Both cohorts showed similar overall
survival for each score with the integrated scoring system.

After dividing the training cohort into 2 groups (training
group [n = 3,955] and test group [n = 989]) randomly to
develop the present system with AI, PRAID system was
developed. The AUC value for prediction of 1-year survival
was 0.875 (confusion matrix [CM]: true negative [TN] 100,
false positive [FP] 115, false negative [FN] 29, true positive
[TP] 745) (sensitivity 0.963 [95% CI: 0.947-0.974], specificity
0.465 [95% CI: 0.400-0.532]) (Fig. 5a) and that for prediction
of 3-year survival was also 0.885 (CM: TN 365, FP 83, FN 80,
TP 325) (sensitivity 0.802 [95% CI: 0.761-0.838], specificity
0.815 [95% CI: 0.776-0.848]) (Fig. 5b), while those values for
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the validation cohort were 0.841 (CM: TN 467, FP 437, FN
280, TP 3,881) (sensitivity 0.933 [95% CI: 0.925-0.940],
specificity 0.517 [95% CI: 0.484-0.549]) (Fig. 5c), 0.796
(CM: TN 1,174, FP 642, FN 494, TP 2,048) (sensitivity
0.806 [95% CI: 0.790-0.821], specificity 0.646 [95% CI:
0.624-0.668]) (Fig. 5d), respectively. When the sub-
analysis of prediction of prognosis for patients at initial
treatments of the training cohort was performed, the AUC
value for prediction of 1-year survival was 0.928 [CM: TN
175, FP 121, FN 24, TP 1,303] (sensitivity 0.982 [95% CL:
0.973-0.988], specificity 0.591 [95% CI: 0.534-0.646]) and
that for prediction of 3-year survival was also 0.913 (CM: TN
265, FP 31, FN 314, TP 1,013) (sensitivity 0.763 [95% CI:
0.740-0.785], specificity 0.895 [95% CI: 0.855-0.925]).

Discussion
In addition to hepatic reserve function and tumor

burden, frequent recurrence of HCC over a short period
is often noted by clinicians even after performing curative

Liver Cancer 5
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Table 2. Clinical features of HCC patients from multiple institutions at time of initial treatment used for validation analysis including

cases lacking complete data (n = 5,692)

Age, years*

Male (%)

ECOG PS (0:1:2:3:4:ND)

Etiology (HCV:HBV:HBV+HCV:alcohol:others:ND)
ALBI score*

mALBI grade (1:2a:2b:3)

AFP, ng/mL*

AFP-L3, %*

PIVKA-Il, mAU/mL*

Intrahepatic tumor size, maximum size, cm*
Number of intrahepatic tumors (1:2:3:4:5:>6 + diffuse type)
Vp (0:1:2:3:4)

EHM positive, n (%)

TNM-LCSGJ 6th (EILNEIV)

Treatment (SR:ablation:TACE:chemotherapy™:other including BSC:ND)

Observation period, months*

70 (63-77)

4,244 (74.6)
3,535:385:150:100:17:1,505
3,193:775:44:464:1,205:11
—2.36 (-2.74 to —1.93)
2,006:1,162:2,069:455

15.0 (5.3-121.0) (ND 518)
2.2 (0.5-16.9) (ND 1,850)
59.3 (21.0-774.5) (ND 990)
2.7 (1.8-5.0)
3,106:1,126:538:214:214:494
5,166:105:89:186:146

302 (6.5)
1,318:2,132:1,470:772
1,320:1,999:1,522:256:587:8 (1:24:31:197:3:0)
31.2 (10.8-64.8)

ECOG PS, Eastern Cooperative Oncology Group performance status; HCV, hepatitis C virus; HBV, hepatitis B virus; ND, no
data patients’ number; ALBI score, albumin-bilirubin score; mALBI grade, modified ALBI grade; AFP, alpha-fetoprotein; AFP-L3,
fucosylated AFP; PIVKA-II, protein-induced vitamin K absence or antagonist-Il; Vp, portal vein tumor thrombosis; EHM,
extrahepatic metastasis; TNM-LCSGJ 6th, tumor-node-metastasis stage of Liver Cancer Study Group of Japan, 6th edition; LT,
liver transplantation; SR, surgical resection; TACE, transcatheter arterial chemoembolization; chemotherapy, chemotherapy
including systemic treatments; HAIC, hepatic arterial infusion chemotherapy; ICl, immune checkpoint inhibitor; BSC, best

supportive care.

*Median (interquartile range). TAtezolizumab plus bebacizumab:lenvatinib:sorafenib:HAIC:clinical trial with ICl:others.

treatments. The present PRAID system provided good
prediction of prognosis in the present training cohort for
cases with initial as well as recurrent tumors. Although
the validation group only included clinical data obtained
at the time of the initial diagnosis, validation analysis of
that large cohort treated at multiple institutions with the
present system showed similar predictive prognostic
values. As a result, comparable prognostic probability
values for 1- and 3-year survival were found for both
cohorts (AUC =0.796).

Progression in development of a surveillance system for
HCC in high-risk patients as well as therapeutic modalities
(e.g., SR, ablation, TACE, systemic chemotherapy) has
contributed to improve the prognosis of affected patients
in Japan, with median survival period shown to be the best
worldwide [34]. In addition, clinical practice therapeutic
guidelines and algorithms have been proposed [8-14],
though those are based on clinical evidence following
initial treatments of HCC patients. Existing guidelines
list several treatment options for a single category; the
response and outcome to each treatment option should be
different because each patient has different hepatic reserve
function conditions, tumor factors, clinical recurrence

6 Liver Cancer
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course. Although a few recent publications have noted
that SR and RFA can serve as curative therapeutic options
with similar efficacy for recurrent HCC [35, 36], treatment
selection remains very difficult for clinicians at any time of
the clinical course, as aggressive treatment is often a
double-edged sword, as the patient might have potential
for rapid progression of HCC or possibility of a decline of
hepatic function. Therefore, an ability to refer to the
availability of short- and medium-term prognostic indi-
cators would be very useful for determining the best
treatment for individual cases.

Machine learning provides a technological foundation
for AI [37], especially deep learning using multilayer
neural networks. Deep learning is a very powerful learning
algorithm that has produced revolutionary results in a
variety of fields [38], including the medical imaging field,
where a convolutional neural network architecture is being
used for research and development [39]. Prognostic and
course prediction models for different diseases can also be
created based on a variety of factors [40-44]. On the other
hand, in the field of medicine, it is difficult to collect data
from a large group of patients (e.g., tens of thousands) due
to need to obtain consent and ethical considerations.

Hiraoka et al.
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Fig. 3. a, b SHAP value at time of treatment for 1- and 3-year survival. " Number of tumors (0, 1, 2, 3,4, 5, 6) and/
or size of intrahepatic tumor including relevant treatment were used. Intrahepatic tumor number >5 or diffuse
type was treated as 6 tumors. Cum: cumulative. * Total treatment number including relevant treatment. * When
patients were double-positive for HBsAg and anti-HCV, both factors were inputted as positive into each box.

HBsAg, hepatitis B virus antigen.

Therefore, we used a GBDT method [45-47] in the present
study, as the sample size was limited. For reference, in this
analysis, GBDT, neural networks, and generalized linear
model were used to create models and compare the AUC
of the training cohort, with GBDT showing the best results
(data not shown).

At the time of diagnosis of HCC recurrence, many
patients have already undergone several prior treat-
ments for a recurrent condition during their clinical
course. Several clinicians have noted that the period
from the most recent recurrence becomes shorter over
time. This phenomenon may be related to the character-
istics of HCC, as affected patients often have intra-
hepatic metastasis, and a cumulative tumor burden
might have a significant effect on prognosis. Indeed,
the present findings indicated that previous cumulative
tumor burden and period from the most recent treat-
ment can have an impact on prognosis in decision-
making for therapeutic modality. Pantel et al. [48]
reported that early recurrence of HCC is often affected
by circulating tumor cells (CTCs). More recently,

Al for HCC Treatment Selection

cancer stem cells (CSCs) among CTCs have been hy-
pothesized to have an important role in recurrence and
metastasis [49], while another study reported that pre-
operative measurement of blood CSC level can help
with prediction of recurrence after SR [50]. However,
there are no established clinical methods for detection
of CTCs or CSCs. Cumulative tumor burden and period
from the most recent treatment at the time of recurrence
might be alternative factors related to the existence of
those cell types. The present PRAID system developed
with AI included important clinical factors such as
cumulative tumor burden (intrahepatic tumor number
x intrahepatic tumor size) and is considered to be a
useful decision-making tool regarding therapeutic mo-
dalities for HCC recurrence.

This study has some limitations. First, since 2005,
treatment has mainly followed the guidelines of the
Japanese Society of Hepatology (JSH) [8-10], but the
training cohort whose entire clinical course was ana-
lyzed belonged to a single institution. Second, the
number of enrolled patients was thought not to be
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Fig. 4. a—f Survival period (years) of training and validation cohorts according to JIS, ALBI-T, and mALBI-T
scores. JIS, Japan integrated scoring; ALBI-T, albumin-bilirubin (ALBI) grade and TNM stage of Liver Cancer
Study Group of Japan 6th (TNM-LCSGJ 6th); mALBI-T, modified ALBI and TNM-LCSG] 6th. a-c Training
cohort. d-f Validation cohort.

Table 3. Prognoses according to JIS, ALBI-T, and mALBI-T in training and validation cohorts

JIS score Score 0 Score 1 Score 2 Score 3 Score 4 Score 5

Training 9.6 (7.3-11.8) 6.9 (6.2-7.7) 3.5(3.2-43) 13(1.0-1.7) 0.4 (0.3-0.7) 0.09 (0.04-0.18)

Validation 9.7 (8.8-10.6) 6.2 (5.8-6.7) 41 (3.7-43) 1.7 (16-2.0) 0.5 (0.4-0.7) 0.1 (0.1-0.2)

ALBI-T score Score 0 Score 1 Score 2 Score 3 Score 4 Score 5

Training 11.8 (10.2-14.5) 7.1 (6.5-8.4) 5.1 (4.6-5.6) 2.5 (2.1-2.8) 0.6 (0.4-0.9) 0.13 (0.08-0.29)

Validation 11.9 (10.0-139) 7.2 (6.7-7.8) 4.8 (4.5-5.2) 29 (2.7-3.2) 0.8 (0.7-1.0) 0.2 (0.17-0.3)

mALBI-T score  Score 0 Score 1 Score 2 Score 3 Score 4 Score 5 Score 6
Training 11.8 (10.2-14.5) 85 (7.1-10.7) 5.6 (4.9-6.2) 3.8 (3.2-44) 2.0 (1.6-24) 0.4 (0.3-0.8) 0.13 (0.08-0.29)
Validation 11.9 (10.0-13.9) 8.2 (7.4-9.1) 5.2 (49-5.6) 3.7 (3.3-4.1) 2.7 (24-3.0) 0.2 (0.17-0.3) 0.14 (0.08-0.19)

Values indicate median survival, years (95% Cl). JIS score, Japan integrated scoring; ALBI-T score, albumin-bilirubin (ALBI) grade
and tumor-node-metastasis stage of Liver Cancer Study Group of Japan, 6th edition (TNM-LCSGJ 6th); mALBI-T score, modified ALBI

and TNM-LCSGJ 6th.

yet sufficient. Third, while the validation cohort was the enrolled patients underwent liver transplantation,
treated at multiple centers, their clinical data were only as that is rare in Japan because of a lack of donors.
from the time of the initial treatment. Fourth, few of Fifth, although the present analysis was based on the
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Fig. 5. Receiver operating characteristic curves for 1- and 3-year
survival. In the training cohort, the area under the curve (AUC) for
prediction of 1-year survival was 0.875 (sensitivity 0.963 [95% CI:
0.947-0.974], specificity 0.465 [95% CIL 0.400-0.532]) (a), while
that for 3-year survival was also 0.885 (sensitivity 0.802 [95% CI:

same concept as the Kaplan-Meier method and elim-
inated patients who were lost to follow-up at 1 and
3 years, there may be a bias due to exclusion of the lost
to follow-up patients at these times. Sixth, recent
developments in laparoscopic SR methods [51] and
future development of systemic chemotherapy will
likely have a large impact on prognosis in recurrent
HCC cases. Finally, it should also be noted that inter-
pretation of answers obtained with AI by physicians as well
as patients is an issue that should be carefully discussed, as
that is directly related to concerns regarding responsibility
and ethics. It is recommended that the present system be
reanalyzed and restructured every 3 to 5 years according to
progression of available treatments for HCC so as to obtain
greater accuracy for prediction. It may also be important to
determine whether a less invasive treatment should be
selected when different treatments in the PRAID system
predict a similar prognosis.

In conclusion, the present proposed PRAID system
developed with Al is considered to provide useful prognostic
information for decision-making regarding therapeutic mo-
dalities at the time of initial diagnosis as well as recurrence.

Al for HCC Treatment Selection

0.761-0.838], specificity 0.815 [95% CI: 0.776-0.848]) (b). Using the
validation cohort, the AUC for prediction of 1-year survival was 0.841
(sensitivity 0.933 [95% CI: 0.925-0.940], specificity 0.517 [95% CI:
0.484-0.549]) (c) and for 3-year survival was 0.796 (sensitivity 0.806
[95% CI: 0.790-0.821], specificity 0.646 [95% CI: 0.624-0.668]) (d).

Of course, this is a prototype system for prognostication at
this time, but we think it shows the potential for Al to create
optimized therapeutic algorithms in the future. A validation
study with other cohorts including data from examinations
at initial and recurrent stages will be necessary.
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