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Objective: To construct a predictive model of short-term response and overall survival for
transcatheter arterial chemoembolization (TACE) treatment in hepatocellular carcinoma
(HCC) patients based on non-contrast computed tomography (NC-CT) radiomics and clinical
features.

Methods: Ninety-four HCC patients who underwent CT scanning 1 week before the first
TACE treatment were retrospectively recruited and divided randomly into a training group (n
= 47) and a validation group (n = 47). NC-CT radiomics data were extracted using MaZda
software, and the compound model was calculated from radiomics and clinical features by
logistic regression. The performance of the different models was compared by examining the
area under the receiver operating characteristic curve (AUC). The prediction of prognosis
was evaluated using survival analysis.

Results: Thirty NC-CT radiomic features were extracted and analyzed. The compound
model was formed using four NC-CT run-length matrix (RLM) features and general image
features, which included the maximum diameter (cm) of the tumor and the number of tumors
(n). The AUCs of the model for TACE response were 0.840 and 0.815, whereas the AUCs of
the six-and-twelve grade were 0.754 and 0.750 in the training and validation groups,
respectively. HCC patients were divided into two groups using the cutoff value of the
model: a group in which the TACE-response led to good survival and a group in which
TACE-nonresponse caused poor prognosis.

Conclusion: Radiomic features from NC-CT predicted TACE-response. The compound model
generated by NC-CT radiomics and clinical features is effective and directly predicts TACE-
response and overall survival. The model may be used repeatedly and is easy to operate.
Keywords: hepatocellular carcinoma, transcatheter arterial chemoembolization, computed
tomography, radiomics, texture

Introduction

Hepatocellular carcinoma (HCC) is one of the most common malignant cancers of
the digestive system and is especially prevalent in China. More than 80% of HCC
patients were diagnosed with advanced-stage cancer without opportunity for sur-
gery, leading to the second-highest cancer-related mortality in China.' Transcatheter

Received: 17 April 2021
Accepted: 22 June 2021
Published: 9 July 2021

Journal of Hepatocellular Carcinoma 2021:8 773-782 773
© 2021 Guo et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:qiuyw1201@gmail.com
mailto:tufuping76@126.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Guo et al

Dove

arterial chemoembolization (TACE) is one of the most
recommended choices for advanced HCC patients without
extrahepatic metastasis, because of its use in a broad range
of indications and a 30-70% objective response rate
(ORR),” according to the guidelines of the American
Association for the Study of Liver Diseases (AASLD),
the European Society for Medical Oncology (ESMO),
and the Chinese Society of Clinical Oncology (CSCO).**
It is difficult to accurately predict the treatment response
before TACE due to the high heterogeneity of HCC>*® and
the wide application of TACE. At present, the treatment
options are usually based on the clinical stage of HCC™’
and the imaging features of the tumor.® The hepatoma
arterial-embolization prognostic (HAP) score is calculated
using albumin, bilirubin, alpha-fetoprotein (AFP), or the
size of the dominant tumor, and has been verified as
a prognostic system for HCC.’ Recently, a novel model
based on general image information called six-and-twelve
grade (equal to the maximum diameter (cm) of the tumor
plus the number of tumors) was developed, and its accu-
racy for predicting the effectiveness of TACE using survi-
val probability was 70-75%.'® A pre-TACE prediction
model based on six-and-twelve grade was also published
for survival prediction.'' The six-and-twelve grade was
recommended as a pre-TACE expected survival model in
the 2020 CSCO guidelines.

Radiomics is a form of texture analysis and computes
a set of features from clinical images to characterize an
individual’s disease.'? Heterogeneity makes it difficult to
predict the treatment response and prognosis for malignant
tumors before treatment, but the high-dimensional quanti-
tative radiomic features extracted from pretreatment ima-
ging have been successfully applied to predict survival and
treatment options for non—small-cell lung cancer and rectal
cancer.'>"'* In 2020, it has been reported that ultrasound or
magnetic resonance imaging (MRI) radiomics might be an
effective predictor for short-term HCC prognosis after
TACE.">""" Deep learning technology for CT images can
also improve prediction of therapeutic response to
TACE."® This study was the first to use a single image of
non-contrast computed tomography (NC-CT) radiomics
combined with features selected from clinical characteris-
tics, laboratory data, and general CT imaging to generate
a new compound model for the prediction of TACE
response. Moreover, the probability of overall survival
was also investigated to evaluate this new compound

model.

Materials and Methods
Study Population

This retrospective study was approved and exempted from
informed consent by the Ethical
Committee of First Affiliated Hospital
Medical University, Ganzhou, Jiangxi, China. In total,
data from 1084 HCC patients were collected at the First
Affiliated Hospital of Gannan Medical University between

written Review

of Gannan

January 2018 and May 2020. The inclusion criteria were
as follows: 1) patients diagnosed with HCC and treated in
accordance with the Guidelines for Diagnosis and
Treatment of BCLC (Barcelona Clinic Liver Cancer)
Stage, and Child—Pugh class A or B;’ 2) no surgical
indications, or patients refused to perform the operation; 3)
patients where TACE was the first treatment administered
during the course of disease, or recurrence was demon-
strated on the first digital subtraction angiography (DSA)
post-surgery and TACE was performed at that time; 4)
patients where emergency TACE was undertaken to stop
bleeding and reduce the pain caused by the tumor or
arteriovenous fistula; and 5) patients where a CT scan
was performed both within 1 week before TACE and
within 8 weeks after TACE at our center. The exclusion
criteria were as follows: 1) Child—Pugh class C; 2) patients
where ablation, radiotherapy, or systemic therapy were
used before first follow-up with computed tomography
(CT) scan; 3) patients where no CT scan was performed
in our center 1 week before TACE and 8 weeks after
TACE; or 4) patients who had HCC combined with other
malignant tumors.

TACE Procedure

TACE was performed by two interventional radiologists
with more than 10 years of experience using an angiogra-
phy X-ray system (UNIQ FD20, Philips). Twenty-nine
candidates in BCLC stage A were included for the small
residual volume of normal liver, recurrence post-surgery,
bad location of the tumor, and/or refusal of patient to
operation. The interventional microcatheter was used to
selectively insert into the tumor-feeding artery through the
hepatic artery using digital subtraction angiography (DSA)
imaging. Superior mesenteric artery angiography was per-
formed to find out whether there was a collateral blood
supply at the same time. Chemoembolization was per-
formed with iodized oil (5—20 mL) mixed with platinum
(10-40 mg) or epirubicin (10-40 mg). After chemoembo-
lization, the feeding vessels of the tumor were blocked,
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and the tumor staining from angiography disappeared.
Gelatin sponge particles were added to block the residual
blood flow from tumor blood supply vessels. Four to 8
weeks after the first TACE treatment, liver enhanced CT,
AFP, liver and kidney function tests and blood routine
were examined to evaluate the effect of treatment.

Clinical Features and TACE Response

Assessment

General and laboratory data before the TACE procedure
was performed were collected, including age, sex, hepatitis
B virus infection status, AFP, Child—Pugh class, BCLC
stage, tumor size, and number. Six-and-twelve grade was
defined as the maximum diameter (cm) of the tumor plus
the number of tumors. The pre-TACE expected survival
model was calculated as reported.'™'" Sequential therapy
information post-TACE, including re-TACE, ablation, and
systemic therapy, were collected at the same time. All CT
images were performed in our hospital, in accordance with
the liver protocol using two devices (SOMATOM
Definition Flash, Siemens AG; Lightspeed VCT, GE
Medical Systems). Iohexol was used as the contrast agent
and the contrast images were collected at 20, 55, and 100
seconds after injection as artery phase (AP), venous phase
(VP), and delay phase (DP), respectively. The number of
tumors and maximum tumor diameter were assessed. CT
images with contrast pre-TACE (within 1 week) and post-
TACE (within 8 weeks) were collected. Modified response
evaluation criteria (mRECIST) in solid tumors'® were
referenced as response assessment post-TACE. The smal-
lest sum of the diameters of viable (enhancing) target
lesions recorded since treatment started was taken as refer-
ence: the disappearance of any intra-tumoral arterial
enhancement in all target lesions was defined as completed
response (CR); at least a 30% decrease in the sum of
diameters of viable target lesions was defined as partial
response (PR); an increase of at least 20% in the sum of
the diameters of viable target lesions indicated progressive
disease (PD); and any cases that did not qualify for either
PR or PD were considered stable disease (SD). The fol-
low-up time was up to July 2020 to obtain the overall
survival (OS) time of these patients.

Extraction of Radiomic Features

Normalized non-contrast CT (NC-CT) images before
TACE in DICOM format (Digital
Communications in Medicine) were used to extract

Imaging and

features via an open access and free software, MaZda,
which has proven to be efficient and reliable for quantita-
tive image analysis.”> 2% The process of region of interest
(ROI) drawing and features extraction is presented in
Supplementary Materials and Results (Figure S1). The
indicated NC-CT layer of the maximum diameter of the
tumor was selected to outline the ROI in each patient and
was divided into two groups: a green region was used to
define the TACE-response group, including CR and PR
patients, while patients with a red region were included in
the TACE-nonresponse group, containing PD and SD
patients. The ROIs were drawn by two experts on primary
HCCs to avoid blood vessels and margin of lesion. Over
300 features were generated, and 30 features were col-
lected in a training group using Fisher coefficient, prob-
ability of classification error, correlation coefficient (POE
+ ACC), and mutual information (MI) calculation.

Statistical Analysis

x> was used to detect the difference in clinical features
between the training and validation groups. Linear discri-
minant analysis of B11 was used to discriminate the radio-
mic features. A logistic risk model and Lasso regression
were performed to identify significantly affected features
that predict TACE response in the training group. The
receiver operating characteristic (ROC) curve was drawn
to evaluate the sensitivity and specificity of different pre-
dictive models. Patients underwent follow-up until
July 2020; eight cases were lost to follow-up. Potential
correlation of the models with OS was assessed by
Kaplan—Meier analysis. Cox regression was used to eval-
uate the different risk factors to OS. All of the data were
analyzed using SPSS 22.0 version (SPSS, Inc., Chicago,
IL, USA). P values less than 0.05 indicated a statistically
significant difference.

Results
Study Procedure and Characteristics of

Patients

The procedure of this study is shown in Figure 1. Ninety-
four HCC patients with TACE treatment were enrolled in
this study and randomized into training (n = 47) and
validation (n = 47) datasets. The training group was used
to establish the TACE predictive model based on CT
imaging and clinical features, whereas the validation
group was used to verify the accuracy of the model.
A comparison of the baseline characteristics between the
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Figure | The predictive model setup procedure. After grouping (A), patient characteristics, including clinical, laboratory, and general CT features, were collected (B). The
ROI of the NC-CT image was drawn and used to extract radiomic features (C). A CT radiomics model and a compound model were constructed and validated (D).
Different models were evaluated by ROC curve and survival analysis to predict TACE response and prognosis in HCC patients (E).

two datasets is shown in Table 1. The clinical features,
including sex, age, HBV infection, AFP, Child—Pugh class,
maximum size of tumor, number of tumors, BCLC stage,
six-and-twelve grade,'® and pre-TACE prediction grade,'"
in the two cohorts showed no significant difference. The
estimated average OSs were 21.04 months (95% CI:
16.97-25.10 months) and 20.04 months (95% CI: 16.34—
23.74 months) in the training and validation groups,
respectively, which is consistent with the six-and-twelve
model study'® and indicates no difference between the two
sets (P = 0.954). Moreover, the number for each sequential
treatment post-TACE is shown in Table 1. The ratios of
sequential combination therapies after TACE in these two
groups showed no difference, excluding the effect of treat-
ment on survival and making the analysis of survival
difference in our model more reliable.

Role of Clinical Features in Predicting

TACE Response

The ORR for TACE across the entire cohort was 55.3%.
We first analyzed clinical features, such as general patient
characteristics, laboratory data, and general CT features,
including six-and-twelve grade, in the training dataset to
address the critical features involved in predicting TACE
response. As shown in Table 2, only six-and-twelve grade
calculated from general CT images was defined as an
independent risk factor for TACE response in our cohort
(P =0.041). The odds ratio was 68.749, indicating that the
higher the six-and-twelve grade, the poorer the response to

TACE treatment in HCC patients. Other factors, including
age, HBV infection, AFP, Child—Pugh class, maximum
size of tumor, number of tumors, BCLC stage, and pre-
TACE prediction grade, presented no significant effects in
predicting TACE response individually (P > 0.05), which
indicates that tumor burden evaluated by six-and-twelve

grade provided the most effective prediction.

Construction of New Classifier Model
NC-CT radiomic features were extracted using the MaZda
software to generate a new compound model for predicting
TACE response. Thirty features were included from Image
Histogram, Image Gradient, run-length matrix (RLM), and
Wavelet transform. Linear discriminant analysis was per-
formed to classify the ROI in the training cohort using
these features. The Fisher coefficient was 12.6 and linear
separability was 0.75, which indicates that these NC-CT
radiomic features might play classifying roles in predicting
TACE response.

To optimize the radiomic features, logistic regression
analysis was used to screen the most valuable features of
NC-CT radiomics (we repeated feature selection using
least absolute shrinkage and selection operator (Lasso)
regression and details can be found in the Supplementary
Materials and Results (Figure S2)). Using stepwise regres-
sion, a new compound model combined with six-and-
twelve grade and four RLM radiomic features was
established and validated as follows:
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Table | The Difference in Clinical Features Between Training
and Validation Groups

Table 2 Logistic Analysis of Clinical Features for Evaluation of
TACE Response in the Training Group

Clinical Features Training Validation p value
Group Group
n=47 n=47
Sex 1.000
Male 40 (85.1%) 40 (85.1%)
Female 7 (14.9%) 7 (14.9%)
Age (years) 55.00+1.69 57.17£1.79 0.379
HBsAg 0.421
) 40 (85.1%) 37 (78.7%)
) 7 (14.9%) 10 (21.3%)
AFP (ng/mL) 0.302
<400 26 (55.3%) 2| (44.7%)
2400 21 (44.7%) 26 (55.3%)
Child-Pugh class 0.614
A (5-6) 38 (80.9%) 36 (76.6%)
B (7-9) 9 (19.1%) Il (23.4%)
Largest tumor size (cm) | 8.20+0.60 8.63+0.61 0618
Number of tumors 1.96+0.24 2.49+0.39 0.249
BCLC stage 0.634
A 16 (34.0%) 13 (27.7%)
B 6 (12.8%) 9 (19.1%)
C 25 (53.2%) 25 (53.2%)
Six-and-twelve grade 0.526
| 8 (17.0%) 8 (17.0%)
2 23 (48.9%) 18 (38.3%)
16 (34.1%) 21 (44.7%)
Pre-TACE-predict 0.409
grade
| 2 (4.3%) 3 (6.4%)
2 10 (21.2%) 6 (12.8%)
3 17 (36.2%) 13 (27.6%)
4 18 (38.3%) 25 (53.2%)
TACE post-TACE 0.404
(Yes) 25 (53.2%) 29 (61.7%)
(No) 22 (46.8%) 31 (38.3%)
Ablation post-TACE 0.109
(Yes) 8 (17.0%) 3 (6.4%)
(No) 39 (83.0%) 44 (93.6%)
Systemic treatment 0.536
post-TACE
(Yes) 7 (14.9%) 5 (10.6%)
(No) 40 (85.1%) 42 (89.4%)

Note: +, positive; —, negative.

Abbreviations: HBsAg, hepatitis B surface antigen; AFP, alpha-fetoprotein;
BCLC, Barcelona Clinic Liver Cancer; TACE, transcatheter arterial
chemoembolization.

Factors OR 95% ClI p value
Lower Upper
Sex 0.961 0.889 1.039 0.316
Age 0.570 0.051 6.302 0.646
AFP (ng/mL) 0.519 0.078 3433 0.496
HBsAg status 5.403 0.374 78.040 0.216
Child—Pugh class 0.215 0.027 1.693 0.144
BCLC stage 1.905 0.600 6.048 0.274
Largest tumor size 0.699 0411 1.190 0.187
Number of tumors 0.664 0.320 1.378 0.272
Pre-TACE predict grade | 2.316 0.429 12.486 0.329
Six-and-twelve grade® 68.749 1.201 3936.429 | 0.041*

Note: *Maximum diameter (cm) of tumor plus tumor number; *p < 0.05.
Abbreviations: TACE, transcatheter arterial chemoembolization; AFP, alpha-
fetoprotein; HBsAg, hepatitis B surface antigen; BCLC, Barcelona Clinic Liver Cancer.

Compound Model = — 7.639 4 3.750
X six and twelve grade — 0.004 X Vertlg; nonuni
4+ 0.004 x Horzlginonun + 0.232 X Vertlgresnonu
— 0.222 x 135drGrevNonu -

Meanwhile, a model using only NC-CT radiomic fea-
tures is as follows:

NC-CT Radiomics Model = — 1.352 — 0.003
X Vertlprnonuni + 0.002 X Horzlrinonuni + 0.142
X Vertlgrevnonu — 0.135 X 135drGrevNont -

Performance of Different Models

ROC curve was performed both in the training and valida-
tion groups to evaluate the efficacy of different models in
predicting TACE response in our cohort. Six-and-twelve
score was used to keep the type of data consistent with the
new compound model we developed. As indicated in
Supplementary Materials and Results (Table S1), the area
under the ROC curve of the new compound model was
0.840 (95% CI, 0.716—0.964) in the training group, which
was higher than the area of 0.754 found in the six-and-
twelve model (95% CI, 0.609-0.898). Similar results were
shown in the validation group and the whole cohort.
Moreover, the ROC curve of the NC-CT radiomics
model was equivalent to that of the six-and-twelve
model. These data showed that NC-CT radiomics could
be as effective a predictive method as the six-and-twelve
model to directly estimate TACE response in HCC
patients. After the combination of NC-CT radiomics and
six-and-twelve model, the predictive effectiveness was
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Figure 2 ROC curve of TACE short-term response in HCC patients. (A) Training group. (B) Validation group.

significantly improved (Figure 2). Interestingly, we
obtained similar predictive efficiency with the new radio-
mic features derived from Lasso and the details are shown
in Supplementary Materials and Results (Figure S3).
Moreover, we repeated this analysis with the whole cohort
randomly dividing into a training group and a validation
group at a ratio of 7:3 and similar results were obtained

and presented in Supplementary Materials and Results
(Figures S4 and S5).

Survival Analysis of Potential Risk Factors
The overall survival analysis was performed to evaluate
the potential risk factors to survival based on the construc-
tion and verification of the aforementioned new compound
model. The cutoff value of the new compound model was
calculated as 2.7 by ROC curve using the maximal
Youden’s index (equal to specificity plus sensitivity
minus one): grade 1 < 2.7 predicted TACE-response,
whereas grade 2 > 2.7 predicted TACE-nonresponse. The
estimated average OS in grade 1 was 25.30 months (95%
CI: 21.02-29.57 months), but significantly decreased to
10.17 months (95% CI: 6.41-13.93 months) in grade 2
(Figure 3A, P = 0.006). Using six-and-twelve grade
(Figure 3B), the estimated average OSs were 25.08 months
(95% CI: 17.68-32.48 months), 24.00 months (95% CI:
18.85-29.14 months), and 9.79 months (95% CI: 5.85—
13.73 months). Compared with grade 1, grade 3 showed

a significant difference (P = 0.044), whereas grade 2 did
not (P = 0.542), implying that our new compound model
with two grades played a superior role in predicting OS
performance. Similar results were shown in the validation
group (Figure 3C and D). Nomogram of the compound
model for TACE-nonresponse risk is shown in Figure 4
using R software.

In terms of the findings of K-M survival analysis for
OS prediction, Table S2 (Supplementary Materials and

Results) shows that factors including general, clinical,
sequential therapy, and radiomics compound features
were involved in survival prediction. Univariate analysis
showed that AFP, TACE response, BCLC stage, six-and-
twelve grade, and compound grade were significant
variables of survival. Multivariate analysis was further
performed on these five features, and the compound
grade was the only effective factor (P = 0.000). A Forest
plot (Figure 5) showed the significantly increased odds
ratio in compound grade compared with six-and-twelve
grade and CT-radiomics grade, which indicates an
improved effect of this model in prognosis.

Discussion

In this study, a compound model using radiomics and the
six-and-twelve grade was constructed to predict the short-
term ORR of TACE. TACE is a local treatment recom-
mended for patients with different stages of HCC.? One of
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Figure 3 Kaplan—Meier analysis of overall survival in different models. (A and C) Compound model with two groups. The cutoff value of the two groups was 2.7. (B and D)
Six-and-twelve grade model with three groups: Group | was <6, group 2 was >6 and <12, and group 3 was 212.

the primary reasons for variations in TACE response is
23726 \which increases the difficulty of

determining distinct features between tumors for use in

tumor heterogeneity,

predicting TACE response and guiding treatment choice.
Previous models, such as those using the six-and-twelve
grade and HAP score, divided patients into three or four
groups and indirectly predicted the efficiency of TACE
using the probability of patient survival. These models
could not draw direct conclusions about TACE response,
limiting the application of the model to the prediction of
short-term TACE efficacy.

The value of radiomics in HCC treatment has been
steadily increasing.'>'®27 Several recent studies that com-
bined radiomics with clinical features reported success in
predicting the ORR for TACE in HCC patients. A model
that combined T1WI and T2WI MRI-based radiomics with
clinical features, including sex, tumor margin, peritumoral
enhancement, BCLC stage, and AFP level, was generated
to predict the recurrence-free survival (RFS) of HCC
patients after TACE treatment, and the C-index was
0.681-0.861.® Two other compound models that used
3D multiphase-CT radiomic features and clinical factors
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Figure 4 The radiomics nomogram of TACE-nonresponse risk in our compound model. The radiomics signature was calculated from four radiomic features.
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Compound i & 437 (2.013-9.462)  0.000
0.5 1 5

Figure 5 Forest plot of three models using Cox regression.

(Child—Pugh score, AFP lever, size of tumor, and number
of tumors) were also constructed to predict the survival of
HCC patients after TACE treatment.>*° The information
used in these two models was complex, which limited the
clinical application of these models.

In our cohort, the predicting ROC curve of the six-and-
twelve grade was consistent with the previous report.'
The
a multicenter randomized controlled study and proven to

six-and-twelve grade was developed from
be the only significant clinical feature for the evaluation of
TACE response in our training group. Only one NC-CT
image with maximum diameter was used to extract radio-
mics information. The model could therefore be repeatably
used, was easy to implement, and was not affected by
scanning time and parameters. Four features that were
extracted through radiomics in our model represented the
heterogeneity of the tumor, something that is difficult to
quantify with traditional imaging due to subjective image
assessment.>! Moreover, all the features selected in this
compound model were extracted by NC-CT, making the
model easy to implement. Compared with the six-and-
twelve grade, our model improved the TACE-response
predictive ability from 0.757 to 0.829. A cutoff value of

2.7 may therefore be used as a direct evaluation index for

TACE-response before surgery in HCC patients.
Furthermore, our model also significantly predicted survi-
val. However, our study had the limitation that validation
in other centers was deficient. Thus, our preliminary
results should be validated in a future multicenter study
with large sample sizes.

In conclusion, the compound model using general and
radiomic features from NC-CT imaging created in this
study was reliable and efficient for predicting both short-
term TACE response and long-term survival in HCC
patients. The model can be further applied for clinical
decision-making to reduce unnecessary TACE surgery
and financial burden. Other recommended treatments
should be selected earlier in TACE non-response patients

after use of our combination model.

Ethics Approval and Informed

Consent

The retrospective study was conducted in accordance
with the Declaration of Helsinki of 1975, revised in
2013. The institutional of the First
Affiliated Hospital of Gannan Medical University
approved the proposal of our study and the informed

committee
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consent of patients was waived. The reason for exemp-
tion of informed consent is that this non-invasive radio-
mics study is based on clinical history and imaging data,
which does not involve personal privacy and commer-
cial interests. All the data was anonymized and main-
tained with confidentiality. Specifically, all the original
images were desensitized to delete the subject’s personal
information (name, hospitalization number, telephone
number, address, etc.). During the radiomic analysis,
all imaging data were stored anonymously in our hospi-
tal database, with the anonymous code saved by our
team leaders (Yingwei Qiu and Fuping Tu).
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