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Objective: Clinical outcomes of patients who undergo transarterial chemoembolization (TACE) for single small hepatocellular
carcinoma (HCC) are not consistent, and may differ based on certain imaging findings. This retrospective study was aimed at
determining the efficacy of pre-TACE CT or MR imaging findings in predicting survival outcomes in patients with small HCC upon
being treated with TACE. Besides, the study proposed to build a risk prediction model for these patients.

Materials and Methods: Altogether, 750 patients with functionally good hepatic reserve who received TACE as the first-line
treatment for single small HCC between 2004 and 2014 were included in the study. These patients were randomly assigned into
training (n = 525) and validation (n = 225) sets.

Results: According to the results of a multivariable Cox analysis, three pre-TACE imaging findings (tumor margin, tumor
location, enhancement pattern) and two clinical factors (age, serum albumin level) were selected and scored to create
predictive models for overall, local tumor progression (LTP)-free, and progression-free survival in the training set. The median
overall survival time in the validation set were 137.5 months, 76.1 months, and 44.0 months for low-, intermediate-, and
high-risk groups, respectively (p < 0.001). Time-dependent receiver operating characteristic curves of the predictive models
for overall, LTP-free, and progression-free survival applied to the validation cohort showed acceptable areas under the
curve values (0.734, 0.802, and 0.775 for overall survival; 0.738, 0.789, and 0.791 for LTP-free survival; and 0.671, 0.733,
and 0.694 for progression-free survival at 3, 5, and 10 years, respectively).

Conclusion: Pre-TACE CT or MR imaging findings could predict survival outcomes in patients with small HCC upon treatment
with TACE. Our predictive models including three imaging predictors could be helpful in prognostication, identification, and
selection of suitable candidates for TACE in patients with single small HCC.

Keywords: Hepatocellular carcinoma; Transarterial chemoembolization; Computed tomography imaging; Magnetic resonance
imaging; Survival

INTRODUCTION with chronic liver disease and advances in imaging have
led to more patients being diagnosed at an early stage
Hepatocellular carcinoma (HCC) is the sixth most common  (2). According to the Barcelona Clinic Liver Cancer (BCLC)
cancer and the fourth leading cause of cancer-related staging system, the treatments of choice for single small
deaths worldwide (1). The improved surveillance of patients (< 3 cm) HCC (very-early/early stage; BCLC stage 0/A) are
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generally curative treatments such as surgical resection,
liver transplantation, and radiofrequency ablation (3-
5). The lack of liver donors is a major limitation for liver
transplantation (6), thereby making surgical resection and
radiofrequency ablation the most feasible treatment options
against small (< 3 cm) HCC (7-9).

However, there are distinct scenarios in which surgical
resection or radiofrequency ablation might not be
feasible such as, in individuals with insufficient liver
function or combined comorbidities, or a tumor location
that is risky or not accessible for ablation (10). In such
cases, where the three established treatment choices
are contraindicated, transarterial chemoembolization
(TACE) can be an alternative treatment against single
small HCC (10). A previous study reported that TACE is an
effective and safe treatment for single small (< 3 cm) HCC,
achieving long-term survival rates comparable to those
of hepatic resection and radiofrequency ablation when
the underlying liver dysfunction is similar (11). However,
a high recurrence rate after TACE remains a challenging
issue (11). We hypothesized that the clinical outcomes
of TACE against single small HCC are not consistent, and
may differ based on imaging findings that are not clearly
understood. Therefore, in this study we aimed to determine
the effectiveness of pre-TACE CT and MR imaging findings in
predicting survival outcomes in patients with small (< 3 c¢m)
HCC, upon treatment with TACE. Furthermore, the study has
generated and validated predictive models for overall, local
tumor progression (LTP)-free, and progression-free survival
using imaging and clinical parameters obtained from a large
patient cohort.

MATERIALS AND METHODS

Patient Eligibility

Our Institutional Review Board approved this study
and waived the requirement for informed patient consent
because of the retrospective nature of the review. HCC was
diagnosed according to the American Association for the
Study of Liver Diseases or European Association for the
Study of the Liver criteria (3, 5).

Patients who met the following criteria were included in
this study: 1) underlying liver cirrhosis and diagnosis of HCC
between January 2004 and February 2014; 2) Child-Pugh
class A liver function; 3) single-nodule HCC smaller than or
equal to 3 cm without vascular invasion; and 4) TACE as the
first-line treatment (treatment-naive patient). Patients were
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excluded from this study if they had Child-Pugh class B or C
liver function, a previous or current malignancy other than
HCC, or if the patients could not be followed-up after TACE.
Since the survival of patients who have HCC with Child-Pugh
class B or worse liver function is usually determined by
hepatic failure, it might be impossible to discern any effect
of TACE on the cancer. Thus, we considered it justifiable

to exclude such patients from this study (12). Altogether,
750 patients treated between January 2004 and February
2014 conformed to our inclusion and exclusion criteria and
were randomly assigned to training and validation data sets
according to a 7/3 split.

Transarterial Chemoembolization

The TACE procedure performed in our institution has been
described previously (13, 14). Cisplatin-based TACE was
performed using a cisplatin dose of 2 mg/kg body weight.
Using a microcatheter, an emulsion of iodized oil (Lipiodol®,
Guerbet) and cisplatin at a 1:1 ratio was infused into the
segmental, subsegmental, or more peripheral-level feeding
artery, followed by embolization with Gelfoam slurry
(Upjohn) until arterial flow stasis was achieved (13, 14).

Technical success after TACE was evaluated and defined
as successful catheter placement into a tumor vascular
supply and transarterial therapy (selected chemotherapeutic
and embolic agents) administration according to an
investigator-designated plan (15).

Data Collection and Image Analysis

Demographic data (age at the time of diagnosis, sex, and
etiology of the liver cirrhosis), clinical data (overall survival
time, LTP-free survival time, and progression-free survival
time), and other quantitative data (initial a-fetoprotein,
initial serum albumin level, and maximum tumor diameter)
were obtained from our anonymized database. Pre-TACE CT
or MR images were reviewed with the consensus of three
radiologists. All observers were aware of the HCC diagnosis,
but were blinded to clinical, laboratory, histopathologic,
and follow-up results.

The following qualitative imaging parameters were
evaluated on the pre-TACE CT or MR imaging: 1) tumor
margin (a smooth tumor margin or irregular tumor margin
defined as a non-smooth margin with budding portion at
the tumor periphery on transverse and coronal images) (16);
2) enhancement pattern (a typical enhancement pattern
defined as arterial hyperenhancement with washout on
the portal or delayed phase, or an atypical enhancement
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pattern defined as arterial and persistent enhancement,
gradual enhancement, no or minimal enhancement, or the
presence of irreqgular ring-like areas of enhancement with
central hypoattenuation/intense areas in the arterial phase
[targetoid appearance]) (17, 18); and 3) whether the
tumor location was central, defined as a tumor location
within 0.5 cm of the first or second branches of the portal
vein, or a tumor located at least 3 cm away from the liver
capsule (19, 20).

The efficacy of TACE was first analyzed by evaluating the
tumor response on dynamic CT or MR imaging, 1 month
after the initial TACE, according to the modified Response
Evaluation Criteria In Solid Tumors (21) for HCC. After
the initial CT or MR imaging scan, subsequent follow-up
contrast-enhanced CT or MR imaging scans were repeated
every 2-3 months during the first 2 years or until recurrence
of HCC, and thereafter every 3-6 months until recurrence
of HCC. When tumor growth or a residual new tumor was
found, an additional local therapy consisting of TACE,
radiofrequency ablation, or stereotactic body radiation
therapy was initiated (9). Some patients underwent surgical
resection or liver transplantation during the follow-up
period after the initial or repeated TACE.

Statistical Analysis

Overall survival time was measured in months from the
time of the initial TACE to a patient’s death. Progression-
free survival time was measured in months from the time
of the initial TACE to the earliest signs of HCC progression
(LTP, intrahepatic distant recurrence, gross vascular
invasion, or extrahepatic distant metastasis) as determined
by CT or MR imaging using the modified RECIST criteria,
or death from any cause (22, 23). LTP-free survival time
was measured in months from the time of the initial TACE
to LTP or death from any cause. Survival calculations were
censored when the patients received surgical resection
or liver transplantation after TACE, as such changes may
significantly influence patient survival, making it impossible
to properly evaluate whether certain imaging parameters
can predict survival outcomes after TACE. Patients who
were alive at the end of this study (April 2019) were also
censored for the survival rate calculations.

Using the training cohort, the imaging-parameter-
based prediction model was developed as follows. First,
a univariable Cox proportional hazard model was used to
identify the potential risk factors. Potential risk factors
were considered as those predictors with a p value of less
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than 0.05. Second, these identified potential risk factors
were included in a multivariable analysis. A risk score was
then derived using each predictor weighted according to its
estimated P regression coefficient in the multivariable Cox
regression analyses, and the performance of our prediction
model was evaluated according to this risk score. We then
applied this point-scoring algorithm to patients in the
validation cohort and derived the risk score as a summation
of the points for the corresponding predictors. Time-
dependent receiver operating characteristic (ROC) curves
and calibration curves were used to determine the accuracy
of the risk score as a marker for predicting overall, LTP-
free and progression-free survival in the validation dataset
(24). Time-dependent ROC curves for overall, LTP-free and
progression-free survival were constructed for 3, 5, and 10
years after TACE. Statistical analyses were performed using
R (version 3.6.1, R Development Core Team), and two-sided
p values of < 0.05 were considered statistically significant.

RESULTS

Study Population

Of the 750 patients with single small HCC, 525 were
randomly allocated to the training cohort and 225 to the
testing cohort. The patient demographics and baseline
characteristics were well balanced between the two cohorts
(Table 1).

Factors Predicting Overall Survival, LTP-Free Survival and
Progression-Free Survival in Patients with Small HCC
Treated with TACE

The median follow-up time for all the 750 study patients
was 75 months (interquartile range, 43.3-108.5 months).
During the follow-up period, 368 of the study patients died,
59 were censored at the time of surgical resection or liver
transplantation, and 323 patients were alive. The median
overall survival time after TACE in all 750 study patients
was 100 months (95% confidence interval [CI], 90.6-109.4
months). The cumulative overall survival rates at 1, 3,
5, 10, and 15 years were 99.0%, 85.5%, 69.8%, 42.4%,
and 30.6%, respectively. The overall survival rates were
not significantly different between the training (median
survival: 100.5 months) and testing cohorts (median
survival: 94.4 months, p = 0.237).

The results of the univariable and multivariable Cox-
proportional hazard models applied to the training cohort
to evaluate the factors associated with overall survival
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in HCC patients treated with TACE are summarized in

Table 2. In the multivariable analysis, irregular tumor
margin (p = 0.001; adjusted hazard ratio = 1.821; 95% CI,
1.288-2.573), central tumor location (p = 0.018; adjusted
hazard ratio = 1.465; 95% (I, 1.069-2.008), old age (> 65
years, p < 0.001; adjusted hazard ratio = 1.882; 95% (I,

Tablel. Baseline Characteristics of the Patients

Park et al.

1.407-2.518), and serum albumin level (< 3.7 g/dL, p <
0.001; adjusted hazard ratio = 1.682; 95% (I, 1.292-2.190)
were statistically significant predictors of overall survival

in patients with small HCC treated with TACE (Figs. 1, 2).
Atypical tumor enhancement was marginally significant (p =
0.074; adjusted hazard ratio = 1.459; 95% (I, 0.964-2.208).

Variables Training Data Set Testing Data Set P
Patients 525 225
Age, mean + SD (years) 57.4+9.9 58.3 £+ 9.4 0.238
Sex (%) 0.742
Male 430 (81.9) 182 (80.9)
Female 95 (18.1) 43 (19.1)
Etiology (%) 0.359
HBV 419 (79.8) 176 (78.2)
HCV 55 (10.5) 31 (13.8)
Others 51 (9.7) 18 (8.0)
Tumor size (cm) 1.90 + 0.63 1.88 + 0.64 0.668
Albumin (g/dL), mean + SD 3.73 £ 0.47 3.79 £ 0.45 0.134
Bilirubin (mg/dL), mean + SD 1.09 + 0.49 1.06 + 0.38 0.426
AFP (ng/mL), median (IQR) 14.3 (5.90-86.50) 14.3 (5.70-39.50) 0.492
Tumor margin (%) 0.189
Smooth 377 (71.8) 172 (76.4)
Irregular 148 (28.2) 53 (23.6)
Tumor enhancement (%) 0.368
Typical 439 (83.6) 194 (86.2)
Atypical 86 (16.4) 31 (13.8)
Tumor location (%) 0.115
Central 93 (17.7) 51 (22.7)
Peripheral 432 (82.3) 174 (77.3)

AFP = o-fetoprotein, HBV = hepatitis B virus, HCV = hepatitis C virus, IQR = interquartile range, SD = standard deviation

Table 2. Results of the Univariable and Multivariable Cox-Proportional Hazard Model for Evaluating the Factors Associated with

Overall Survival in the Training Cohort (n = 525)

Univariable Cox Regression Analysis

Multivariable Cox Regression Analysis

Variable HR 95% CI P Adjusted HR 95% CI P
Irregular tumor margin 2.347 1.806-3.049 < 0.001 1.821 1.288-2.573 0.001
Atypical tumor enhancement 2.216 1.622-3.029 < 0.001 1.459 0.964-2.208 0.074
Central tumor location 1.417 1.036-1.937 0.029 1.465 1.069-2.008 0.018
Age (> 65 years, n = 126) 2.311 1.774-3.012 < 0.001 1.882 1.407-2.518 < 0.001
Male sex 0.871 0.637-1.191 0.386 NA NA NA
Etiology
HBV 1.000 < 0.001 1.000 0.091
HCV 2.007 1.406-2.866 < 0.001 1.426 0.973-2.072 0.067
Others 1.817 1.252-2.639 0.002 1.376 0.943-2.058 0.109
Tumor size (< 2 cm, n = 321) 0.880 0.777-0.997 0.045 0.943 0.830-1.072 0.369
Total bilirubin 1.094 0.821-1.456 0.541 NA NA NA
Albumin (< 3.7, n = 272) 1.918 1.482-2.482 < 0.001 1.682 1.292-2.190 < 0.001
AFP (= 14.3 ng/mL, n = 263) 1.085 0.845-1.393 0.521 NA NA NA

(I = confidence interval, HR = hazard ratio, n = number, NA = non-applicable
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A

Fig. 1. A 53-year-old man with favorable imaging parameters.
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A, B. Contrast-enhanced CT images in arterial and venous phases show a 1.3-cm tumor (arrows) with a typical enhancement pattern with
arterial enhancement and venous washout, as well as, a smooth margin and peripheral tumor location. C. Hepatic angiographic image showing

hypervascular tumor staining (arrow) in the right hemiliver.

A

Fig. 2. Pathologically confirmed hepatocellular carcinoma in 63-year-old woman with unfavorable imaging parameters.
A, B. Contrast-enhanced CT images in arterial and venous phases show a 2.7-cm tumor (arrows) with irregular peripheral arterial enhancement
and relatively hypovascular central portions, as well as, a central tumor location. C. Hepatic angiographic image showing hypovascular tumor

staining (arrowheads) in the right hemiliver.

The median LTP-free and progression-free survival time
after TACE in all 750 study patients were 42.3 months (95%
(I, 35.9-48.7 months) and 25.0 months (95% CI, 21.9-
28.1 months), respectively. The LTP-free and progression-
free survival rates did not significantly differ between the
training and testing cohorts (p = 0.189 for LTP-free survival;
p = 0.07 for progression-free survival).

In the multivariable analysis, the statistically significant
predictors of LTP- free survival were those that also
predicted overall survival in patients with small HCC treated
with TACE, with these being an irregular tumor margin (p <
0.001; adjusted hazard ratio = 2.353; 95% (I, 1.738-3.185),
atypical tumor enhancement (p = 0.029; adjusted hazard
ratio = 1.484; 95% CI, 1.041-2.115), a central tumor
location (p < 0.001; adjusted hazard ratio = 1.895; 95% (I,

kjronline.org https://doi.org/10.3348/kjr.2020.0325

1.445-2.485), patient age (> 65 years, p = 0.001; adjusted
hazard ratio = 1.487; 95% CI, 1.169-1.890), and serum
albumin level (p = 0.001; adjusted hazard ratio = 1.428;
95% CI, 1.147-1.778) (Table 3).

The statistically significant predictors of progression-free
survival in the multivariable analysis were irregular tumor
margin (p < 0.001; adjusted hazard ratio = 2.134; 95% (I,
1.600-2.847), central tumor location (p < 0.001; adjusted
hazard ratio = 1.664; 95% CI, 1.286-2.151), old age (> 65
years, p = 0.005; adjusted hazard ratio = 1.401; 95% (I,
1.110-1.769), and serum albumin level (< 3.7 g/dL, p =
0.001; adjusted hazard ratio = 1.439; 95% (I, 1.170-1.771)
(Table 4). Atypical tumor enhancement was marginally
significant (p = 0.079; adjusted hazard ratio = 1.357; 95%
CI, 0.965-1.907).
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Table 3. Results of the Univariable and Multivariable Cox-Proportional Hazard Model for Evaluating the Factors Associated with
Local Tumor Progression-Free Survival in the Training Cohort (n = 525)

Univariable Cox Regression Analysis

Multivariable Cox Regression Analysis

Variable HR 95% CI P Adjusted HR 95% CI P
Irregular tumor margin 2.862 2.277-3.597 < 0.001 2.353 1.738-3.185 <0.001
Atypical tumor enhancement 2.789 2.133-3.646 < 0.001 1.484 1.041-2.115 0.029
Central tumor location 1.783 1.364-2.330 < 0.001 1.895 1.445-2.485 < 0.001
Age (= 65 years, n = 126) 1.595 1.262-2.015 < 0.001 1.487 1.169-1.890 0.001
Male sex 0.792 0.607-1.034 0.087 NA NA NA
Etiology
HBV 1.000 0.008 1.000 0.136
HCV 1.650 1.197-2.275 0.002 1.415 1.007-1.990 0.046
Others 1.304 0.930-1.828 0.124 1.092 0.765-1.558 0.629
Tumor size (< 2 cm, n = 321) 0.930 0.750-1.155 0.515 NA NA NA
Total bilirubin 1.050 0.833-1.324 0.680 NA NA NA
Albumin (< 3.7, n = 272) 1.469 1.183-1.822 < 0.001 1.428 1.147-1.778 0.001
AFP (> 14.3 ng/mL, n = 263) 1.074 0.867-1.329 0.514 NA NA NA

Table 4. Results of the Univariable and Multivariable Cox-Proportional Hazard Model for Evaluating the Factors Associated with

Progression-Free Survival in the Training Cohort (n = 525)

Univariable Cox Regression Analysis

Multivariable Cox Regression Analysis

Variable HR 95% CI P Adjusted HR 95% CI P
Irregular tumor margin 2.534 2.039-3.149 < 0.001 2.134 1.600-2.847 < 0.001
Atypical tumor enhancement 2.418 1.871-3.127 < 0.001 1.357 0.965-1.907 0.079
Central tumor location 1.618 1.255-2.087 < 0.001 1.664 1.286-2.151 < 0.001
Age (= 65 years, n = 126) 1.586 1.268-1.984 < 0.001 1.401 1.110-1.769 0.005
Male sex 0.902 0.699-1.163 0.426 NA NA NA
Etiology
HBV 1.000 0.277 NA - NA
HCV 1.306 0.951-1.792 0.099 NA NA NA
Others 1.009 0.722-1.409 0.959 NA NA NA
Tumor size (< 2 cm, n = 321) 0.792 0.647-0.969 0.024 0.966 0.871-1.071 0.512
Total bilirubin 1.010 0.815-1.253 0.925 NA NA NA
Albumin (< 3.7, n = 272) 1.509 1.233-1.847 < 0.001 1.439 1.170-1.771 0.001
AFP (> 14.3 ng/mL, n = 263) 1.120 0.917-1.368 0.267 NA NA NA

Imaging-Parameter-Based Prediction Model for Overall
Survival

On the basis of the results of the multivariable Cox
regression analysis in the training cohort, risk points were
assigned to each predictor as follows: 2 when the tumor had
an irregular margin, 1 when the tumor showed an atypical
enhancement pattern, 1 when the tumor was located in
a central area, 2 when the patient’s age was 65 years or
more, and 1 when the serum albumin level was 3.7 g/dL or
less. Although the p value of atypical tumor enhancement
in the multivariable analysis was marginal (p = 0.074), we
decided to include it in the prediction model because it
was a significant factor in the analysis for LTP-free survival,
and it is also a clinically important imaging parameter.
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All patients in the validation set received risk scores that
were the sum of these corresponding risk points and were
classified into three groups according to the risk score:
low- (score 0-1), intermediate- (score 2-3), and high-risk
(score 4-7) groups. The median overall survival time in the
validation cohort were 137.5 months (95% CI, 109.3-165.7)
for the low-risk group, 76.1 months (95% CI, 57.2-95.0)
for the intermediate-risk group, and 44.0 months (95%

(I, 31.0-56.9) for the high-risk group (p < 0.001) (Fig.

3). The predictive model applied to the validation cohort
demonstrated areas under the curve (AUCs) of 0.734 (95%
(CI: 0.625-0.828), 0.802 (95% CI: 0.738-0.861), and 0.775
(95% CI: 0.690-0.854) at 3, 5, and 10 years, respectively

(Fig. 4).
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Fig. 3. Kaplan-Meier curve for overall survival in the validation set.

Imaging-Parameter-Based Prediction Model for LTP-Free
Survival

On the basis of the results of the multivariable Cox
regression analysis in the training cohort, risk points were
assigned to each predictor as follows: 2 when the tumor had
an irregular margin, 1 when the tumor showed an atypical
enhancement pattern, 2 when the tumor was located in
a central area, 1 when the patient’s age was 65 years or
more, and 1 when the serum albumin level was 3.7 g/dL
or less. The median LTP-free survival time in the validation
cohort according to the risk score were 87.5 months (95%
(I, 63.8-111.2) for the low-risk (score 0-1) group, 26.0
months (95% (I, 16.2-35.8) for the intermediate-risk (score
2-3) group, and 13.0 months (95% (I, 8.3-17.7) for the
high-risk (score 4-7) group (p < 0.001). The predictive
model applied to the validation cohort demonstrated AUCs
of 0.738 (95% (I: 0.665-0.800), 0.789 (95% CI: 0.722-
0.849), and 0.791 (95% CI: 0.702-0.865) at 3, 5, and 10
years, respectively (Fig. 5).
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Imaging-Parameter-Based Prediction Model for
Progression-Free Survival

On the basis of the results of the multivariable Cox
regression analysis in the training cohort, risk points were
assigned to each predictor as follows: 2 when the tumor had
an irregular margin, 1 when the tumor showed an atypical
enhancement pattern, 2 when the tumor was located in a
central area, 1 when the patient’s age was 65 years or more,
and 1 when the serum albumin level was 3.7 g/dL or less.
The median progression-free survival time in the validation
cohort according to the risk score were 32.2 months (95%
(I, 23.7-40.7) for the low-risk (score 0-1) group, 21.5
months (95% (I, 19.2-23.8) for the intermediate-risk (score
2-3) group, and 10.7 months (95% (I, 5.7-15.6) for the
high-risk (score 4-7) group (p < 0.001). The predictive
model applied to the validation cohort demonstrated AUCs
of 0.671 (95% (I: 0.596-0.742), 0.733 (95% CI: 0.654—
0.803), and 0.694 (95% CI: 0.557-0.821) at 3, 5, and 10
years, respectively (Fig. 6).
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Tumor Response after TACE

TACE was technically successful in all patients. At 1
month after TACE, 622 patients, out of the entire 750
patients (82.9%), showed a complete response, and 50
patients (6.7%) a partial response, while three patients
(0.4%) showed progression of disease and 75 patients
(10.0%) had stable disease. The Kaplan-Meier analysis of
overall survival according to the tumor response 1 month
after TACE is shown in Figure 7. The median overall survival
times were 110.7 months (95% (I, 97.2-124.2) for the

Park et al.

complete response group, 56.1 months (95% CI, 42.4-69.8)
for the partial response group, and 54.2 months (95% (I,
41.3-67.1) for the stable disease group (p < 0.001) (Fig.
7).The rate of objective tumor regression (complete or
partial response) 1 month after TACE was 89.6%.

DISCUSSION

The aim of this study was to gauge the potential of the
pre-TACE CT and MR imaging findings in predicting the
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receiver operating characteristic, KM = Kaplan-Meier
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Fig. 6. Time-dependent ROC and calibration curves for progression-free survival in the validation cohort.

survival outcomes in patients with small (< 3 cm) HCC
treated with TACE. In the multivariable Cox regression
analyses, pre-TACE imaging findings (irregular tumor

margin and central tumor location) and clinical factors
(patient’s age [> 65 years] and serum albumin level [< 3.7
g/dL]) were statistically significant predictors of overall
survival, LTP-free survival, and progression-free survival in
patients with small HCC treated with TACE. Atypical tumor
enhancement was statistically significant in the LTP-free
survival analysis, but marginally significant in the overall
survival (p = 0.074) and progression-free survival (p = 0.079)
analyses. We created and validated models using these
parameters to predict the overall, LTP-free, and progression-
free survival. When the time-dependent ROC curves of the
predictive models were applied to the validation cohort

to predict overall, LTP-free, and progression-free survival,
acceptable AUC values (0.734, 0.802, and 0.775 for overall
survival, 0.738, 0.789, and 0.791 for LTP-free survival, and
0.671, 0.733, and 0.694 for progression-free survival at 3, 5,
and 10 years, respectively) were obtained.

In this study, we identified three prognostic imaging
findings of HCC in a pre-TACE imaging study and evaluated
the associations between these and survival outcomes
in patients with small HCC treated with TACE. First, an
irregular tumor margin is known to be associated with
a poor prognosis in HCC. Chou et al. (25) reported that
irregular tumor margins correlated with the histopathologic
presence and location of microvascular invasion, and Lee

kjronline.org https://doi.org/10.3348/kjr.2020.0325

et al. (26) reported that an irregular tumor margin was one
of the three significant MR imaging findings for predicting
microvascular invasion, which is a major prognostic factor
of HCC after surgical resection or liver transplantation (27).
Choi et al. (16) reported that an irregular tumor margin
was one of the four significant MR imaging findings for
predicting CK19-positive HCC, which has been linked to
poorer prognosis, higher rate of recurrence, and lymph node
metastasis.

Secondly, a central tumor location of HCC is a risk factor
for recurrence after TACE. In a study involving 133 HCC
patients treated with TACE, Murakami et al. (19) reported
that a central location of HCC was the only significant risk
factor for recurrence within the Milan criteria. Centrally
located HCC is often fed by multiple fine arteries arising
from the proximal portion of the hepatic artery. As these
fine tumor feeders are too small to be catheterized,
centrally located HCC is typically treated from the proximal
portion of the hepatic artery. Under these circumstances,
embolization of the HCC might be insufficient to cause
complete necrosis, while avoiding massive non-target
embolization of the normal liver parenchyma. This could
be a potential factor contributing to the higher post-TACE
recurrence rate in centrally located lesions.

Finally, atypical enhancement of HCC is associated with
poor prognosis for HCC. The typical enhancement pattern
of HCC is known as arterial hyperenhancement with a
washout appearance on the portal or delayed phase. In
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Fig. 7. Kaplan-Meier curve for overall survival according to the tumor response 1 month after transarterial chemoembolization in
the whole cohort. CR = complete response, PR = partial response, SD = stable disease

this study, we defined atypical enhancement as arterial
and persistent enhancement, gradual enhancement, no or
minimal enhancement, or the presence of irregular ring-
like areas of enhancement with central hypoattenuation/
intense areas in the arterial phase (targetoid appearance).
Weak or no arterial hyperenhancement and/or a washout
appearance means non-hypervascular HCC. Non-vascular
HCCs tend to respond poorly to TACE because of the limited
amount of chemotherapeutic and embolic agents being
delivered to the tumor. The targetoid appearance, another
atypical enhancement pattern of HCC, reflects peripheral
hypercellularity and central ischemia or fibrosis within
the tumor (17). Central ischemia may result in a targetoid
appearance in biologically aggressive tumors such as poorly
differentiated HCC or sarcomatoid HCC (28, 29). HCCs with
more fibrotic components also frequently express many
hepatic progenitor cell markers, which are important factors
in indicating a poor prognosis for HCC (30).

According to our model, the low-risk group for
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predicting overall survival had significantly better overall
survival than the intermediate- and high-risk groups.
The 5-year survival rates of the low-risk groups in the
validation set was 87.3%, which is similar to the rates
reported after surgical resection for single small (< 3 cm)
HCC (74.4-85.6%) (11, 31-33). Thus, following a pre-
treatment risk evaluation, TACE can be recommended as
an option as effective as surgical resection if patients
belong to the low-risk group. This low-risk group usually
has favorable imaging parameters (smooth tumor margin,
typical enhancement pattern, peripheral tumor location).
In future, it would be interesting to compare TACE and
surgical resection for single small HCC with favorable
imaging parameters. From our results, we suggest that
overall survival would be similar between TACE and surgical
resection for single small HCCs with favorable imaging
parameters; however, comparative studies are required to
validate our suggestion.

In the high-risk group, overall survival was discouraging
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as the 5-year survival rates in the validation cohort was
22.9%. High-risk patients typically show unfavorable
imaging parameters (irregular tumor margin, atypical
enhancement pattern, central location). Thus, treatment
options other than TACE, such as radioembolization,
ablative therapy, or stereotactic body radiation, should be
actively considered for this high-risk group.

This study’s limitations include its retrospective nature,
which makes it vulnerable to a variety of potential biases
(10). However, for the evaluation of survival outcomes in
patients with a single small (< 3 cm, BCLC 0/A stage) HCC,
it may be difficult to perform a prospective study, because
it would probably require a prohibitively large sample
size due to the longer survival time of these patients
compared to those with other BCLC-stage (B, C, D) HCC
(10). Moreover, we believe that we have compensated for
this limitation by applying our model, derived from the
training cohort, to a separate validation cohort to increase
its reliability (18). Another limitation is that this is a
single-center study, which may limit the generalizability of
the results. Thus, it remains possible that our results may
not be pertinent for patients with HCC in other countries,
owing to differences in demographics and underlying
causes of liver disease (10).

In conclusion, pre-TACE CT or MR imaging findings can
predict survival outcomes in patients with small (< 3 cm)
HCC treated with TACE. Our predictive models including
three imaging predictors could help determine the
appropriate prognosis and identify good candidates for TACE
in patients with a single small (< 3 cm) HCC.
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