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Background/Aim: The Barcelona Clinic Liver Cancer (BCLC) guidelines recommend systemic
therapy as the only first-line treatment for patients with BCLC stage C hepatocellular
carcinoma (HCC) despite its heterogeneity of disease extent. We aimed to identify patients
who might benefit from combined transarterial chemoembolization (TACE) and radiation
therapy (RT) by subclassifying BCLC stage C.

Methods: A total of 1,419 treatment-naive BCLC stage C patients with macrovascular invasion
(MVI) who were treated with combined TACE and RT (n=1,115) or systemic treatment (n=304)
were analyzed. The primary outcome was overall survival (OS). Factors associated with OS
were identified and assigned points by the Cox model. The patients were subclassified into
three groups based on these points.

Results: The mean age was 55.4 years, and 87.8% were male. The median OS was 8.3 months.
Multivariate analysis revealed a significant association of Child-Pugh B, infiltrative-type tumor
or tumor size =10 cm, main or bilateral portal vein invasion, and extrahepatic metastasis
with poor OS. The sub-classification was categorized into low (point <1), intermediate
(point=2), and high (point >3) risks based on the sum of points (range, 0—4). The OS in the low,
intermediate, and high-risk groups was 22.6, 8.2, and 3.8 months, respectively. In the low and
intermediate-risk groups, patients treated with combined TACE and RT exhibited significantly
longer OS (24.2 and 9.5 months, respectively) than those who received systemic treatment (6.4
and 5.1 months, respectively; P<0.0001).

Conclusions: Combined TACE and RT may be considered as a first-line treatment option for
HCC patients with MVI when classified into low- and intermediate-risk groups. (J Liver Cancer
2023;23:177-188)
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INTRODUCTION

Liver cancer is the second leading cause of cancer-related
mortality worldwide, with hepatocellular carcinoma (HCC)
accounting for 90% of all liver cancer cases.' The poor prog-
nosis of HCC is mainly due to the fact that approximately
half of HCC patients are diagnosed at an advanced stage.”
Thus, these patients have limited access to curative treat-
ment.

Owing to its extensive applicability and ability to predict
prognosis, the Barcelona Clinic Liver Cancer (BCLC) stage
has been widely used worldwide to achieve better prognosti-
cation and guide HCC treatment.” Nevertheless, BCLC stage
C comprises a variety of HCC disease extents, including
HCC with macrovascular invasion (MVI), extrahepatic me-
tastasis, and both MVI and metastasis. Although these may
have distinct prognoses, the BCLC staging system only rec-
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ommends systemic treatment for BCLC stage C HCC.” In
this regard, there have been concerns that BCLC stage C
HCC may require a distinct approach and treatment strategy
based on the disease extent thereof. For example, the current
BCLC stage classifies the same stage in both HCC with
branch portal vein invasion (PVI) and main PVI, despite
these conditions having vastly different prognoses.

Prior to the introduction of effective systemic treatment
for HCC, BCLC stage C HCC was traditionally treated with
various modalities in East Asia, including transarterial che-
moembolization (TACE), surgical resection, and external
beam radiation therapy (RT). As RT may decrease the extent
of vascular invasion and result in the restoration of blood
flow to the normal liver, combining RT with TACE may al-
low the preservation of liver function, and the addition of
TACE sessions may assist in the management of primary in-

trahepatic HCC. Previous studies have demonstrated the ef-
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ficacy and safety of combined TACE and RT in the treatment
of HCC and MVL."" Furthermore, a randomized controlled
trial revealed that TACE with RT resulted in longer progres-
sion-free and overall survival (OS) than sorafenib." Recent
phase 3 trials have shown that novel systemic treatments,
such as atezolizumab with bevacizumab and tremelimumab
with durvalumab, are more effective than sorafenib."" In
these trials, HCC with MVI had a poor outcome compared
with HCC without MV], even at the same stage, in other
words, BCLC stage C. This suggests that there are still pa-
tients who would benefit more from combined TACE and
RT than from systemic treatment, given the unsatisfactory
efficacy of the latter.

In this regard, we aimed to determine whether patients
would benefit more from combined TACE and RT than
from systemic treatment by subclassifying BCLC stage C
HCC according to baseline patient characteristics, tumor
characteristics, and liver functional reserve in a large-scale

cohort of treatment-naive patients with HCC.

METHODS

1. Study population

We retrospectively analyzed 1,419 consecutive patients
treated with either combined TACE and RT or systemic
treatment as first-line therapy for HCC with MVI at the Asan
Medical Center, Seoul, Republic of Korea, between 2009 and
2018. All de-identified data were obtained from the electron-
ic medical records of Asan Medical Center. HCC diagnosis
was made based on histology or typical imaging features, ac-
cording to the international guidelines for HCC.""'* The
presence of MVI was assessed via four-phase dynamic com-
puted tomography (CT) or magnetic resonance imaging
(MRI) using the following criteria: an intraluminal filling de-
fect close to the HCC in the portal and/or hepatic vein and/
or inferior vena cava, and an arterial enhancement of this
filling defect and a washout on the portal/delayed phase.

The inclusion criteria for this study were as follows: 1) BCLC
stage C, 2) presence of MVI on imaging modalities, 3) no his-
tory of previous treatments for HCC by any modality, 4) Child-
Pugh (CP) classification A or B hepatic function, and 5) a Eu-
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ropean Cooperative Oncology Group performance status of
0-2. This study was approved by the Institutional Review Board
of the Asan Medical Center (IRB No. 2019-0932), and the need
for informed consent was waived due to the retrospective na-
ture of the study. The strengthening the reporting of observa-
tional studies in epidemiology (STROBE) reporting guidelines
were followed (Supplementary Table 1).

2. Treatment for the study population

TACE was performed at our center, as previously de-
scribed."” Briefly, after selective catheterization of the feeding
artery using a microcatheter, cisplatin or doxorubicin (50
mg) was infused into the feeding artery according to tumor
location and volume for approximately 15 minutes. Emboli-
zation was performed using an emulsion of iodized oil (Lipi-
odol, Guerbet, Roissy, France) and gelfoam slurry (Upjohn,
Kalamazoo, MI, USA) after infusion of chemotherapeutic
agents. TACE without gelfoam was performed in a subset of
patients according to the severity of portal vein blood flow
impairment. TACE was mostly performed before RT within
an interval of 4 weeks and was repeated on an on-demand
basis every 6-10 weeks following the previous TACE if resid-
ual viable HCC was obvious on subsequent dynamic CT or
MRI.

The detailed RT method has been previously described.
In brief, four-dimensional CT (GE LightSpeed RT 16; GE
Healthcare, Waukesha, WI, USA) images were obtained during

6,10,11

free breathing, and these images were synchronized with respi-
ratory data, which were sorted into 10 CT series based on the
respiratory phase (0-90%). The target volumes were delineated
on end-exhale-phase CT images. Gross tumor volume (GTV)
included vascular invasion and a 2 cm margin into the contigu-
ous HCC in most patients with huge infiltrative HCC in the
end-expiratory phase of CT imaging. The GTV included all
HCC with MVT in patients with HCC. The internal target vol-
ume was defined as the sum of the individual GTV within the
gated respiration phases. The planning target volume was ex-
panded to include a 0.7 cm margin from the internal target vol-
ume. The planned total dose to the planning target volume was
45 Gy with a fraction size of 2.5-3.0 Gy using 6-, 10-, or 15-MV

X-rays at five fractions per week with a linear accelerator (Vari-
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an Medical Systems, Palo Alto, CA, USA). A three-dimensional
conformal RT technique was employed to determine radiation
ports using a planning system (Eclipse ver. 10.0; Varian Medi-
cal System), and the actual beam delivery was performed using

a respiratory-gating beam delivery technique.

3. Statistical analysis and method for subclas—
sification
Data are expressed as median with interquartile range

(IQR) for continuous variables and numbers with percentag-

Table 1. Baseline characteristics of the study population

es for categorical variables. T-test and chi-square or Fisher’s
exact tests were used for continuous and categorical vari-
ables, respectively, as appropriate.

The primary outcome of the present study was OS, defined
as the time from the date of the first TACE to the date of
death from any cause, or the last date of confirmed survival.
Cumulative OS was computed using the Kaplan-Meier
method. The log-rank test was used to compare the OS be-
tween patients who received combined TACE and RT and

those who received systemic treatment. Univariate and mul-

L Entire population TACE+RT Systemic treatment
Characteristic (n=1,419) (n=1,115) (n=304) P-value
Age 55.0 (49.0-62.0) 55.0 (49.0-62.0) 55.0 (48.5-62.0) 0.901
Sex, male 1,241 (87.5) 974 (874) 267 (87.8) 0.991
Etiology of liver diseases 0.791

HBV infection 1,068 (75.3) 842 (75.5) 226 (74.3)
HCV infection 71(5.0) 59 (5.3) 12(3.9)
HBV-HCV coinfection 18 (1.3) 14.(1.3) 4(1.3)
Alcoholic liver disease 151 (10.6) HS (10.3) 36 (11.8)
Others 111 (7.8) 85 (7.6) 26 (8.6)
Child-Pugh classification <0.001
A 970 (68.4) 803 (72.0) 167 (54.9)
B 449 (31.6) 312 (28.0) 137 (45.1)
Number of tumors 0451
Single 979 (69.0) 772 (69.2) 207 (68.1)
Two 195 (13.7) 157 (14.1) 38(12.5)
More than two 245 (17.3) 186 (16.7) 59 (194)
Size and type of tumor <0.001
<10cm 556 (39.2) 490 (43.9) 66 (21.7)
>10 cm or infiltrative 863 (60.8) 625 (56.1) 238 (78.3)
Extrahepatic metastasis, present 218 (154) 130 (11.7) 88 (28.9) <0.001
Extent of vascular invasion <0.001
Unilateral branch portal vein or hepatic vein 820 (57.8) 679 (60.9) 41 (46. 4)
Main or bilateral portal vein or hepatic vein 599 (42. ) 436 (39. ) 1 (53.6
Platelet 59 (115-218) 57 (15 169 (117-246) <0.001
ALT 42 (28-64) 40 (28— 62) 48 (31-75) <0.001
Total bilirubin 0(0.7-14) 0(0.7-14) 1.1(0.7-1.7) <0.001
Serum albumin 34 (3.0-3.8) 5(3.1-3.8) 3.2 (2.8-3.6) <0.001
Prothrombin time, INR 1.1(01-12) 1.1(1.0-1.2) 1101-12) <0.001
Creatinine 8(0.7-09) 0.8 (0.7-09) 8(0.7-09) 0.324
Alpha-fetoprotein 1,130 (47-23,200) 827 (40-19,350) 7 (103-51,462) <0.001

Values are presented as median (interquartile range) or number (%).

TACE, transarterial chemoembolization; RT, radiation treatment; HBV, hepatitis B virus; HCV, hepatitis C virus; ALT, alanine aminotransferase; INR,

international normalized ratio.
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tivariate Cox proportional hazards analyses were used to
identify factors affecting OS.

Factors associated with OS in multivariate analysis were
used for patient subclassification. The nearest integer of the
adjusted hazard ratio (AHR) from the multivariate analysis
was used as the assigned score for the corresponding factor
from 1 to 2. Subsequently, sub-classification into three
groups (low, intermediate, and high) was performed using
the sum of these scores. OS was compared between com-
bined TACE and RT and systemic treatment in each group.

For potential confounder minimization and fair compari-
son of prognosis between combined TACE and RT and sys-
temic treatment, we also conducted propensity score (PS)
matching analysis. PS was computed using 18 variables: sex,
age, etiology of liver disease, platelet count, aspartate amino-
transferase, alanine aminotransferase, alkaline phosphatase,
total bilirubin, albumin concentration, creatinine, prothrom-
bin time, CP score, alpha-fetoprotein (AFP), tumor type

(nodular or infiltrative), tumor number, maximum tumor

Table 2. Factors associated with overall survival

size, presence of extrahepatic metastasis, and MVI location.
A nearest-neighbor 1:1 or 1:2 matching scheme with a caliper
size of 0.15 was used. All statistical analyses were conducted
using R version 3.6.0, and a P<0.05 was considered statisti-

cally significant.

RESULTS

1. Characteristics of the study population

The characteristics of the study population are summarized
in Table 1. Of the 1,419 patients, 1,241 (87.5%) were male, and
their median age was 55.0 years. Hepatitis B infection (75.3%)
was the most common cause of underlying liver disease. At
baseline, 970 (68.4%) patients had CP class A, 979 (69.0%) had
a single tumor, and 863 (60.8%) had a tumor size =10 cm or
an infiltrative-type tumor. All patients included in this study
had MV1, and 820 (57.8%) had unilateral branch MVTI (either
the portal or hepatic vein). Extrahepatic metastasis was ob-
served in 218 patients (15.4 %). Combined TACE and RT was

Univariate analysis

Multivariable analysis

Variable
HR (95% CI) P-value AHR (95% CI) P-value

Age, per 1 year increase 1.00 (0.99-1.00) 0.30
Sex, male 1.03 (0.86-1.23) 0.70
Etiology of liver disease 0.06

HBV infection 1 (reference)

Non-HBV infection 0.83 (0.69-1.01)
Child-Pugh classification <0.001 <0.001

A
B

Number of tumors
Single
Multiple

Size/type of tumors
<10cm
>10 c¢m or infiltrative

Extent of vascular invasion

Unilateral branch
Main or bilateral

Extrahepatic metastasis
None
Present

1 (reference)
210 (1.86-2.38)

1 (reference)
0.94 (0.80-1.09)

1 (reference)
212 (1.87-2.39)

1 (reference)
149 (1.32-1.67)

1 (reference)
2.03 (1.74-2.38)

1 (reference)
1.86 (1.64-2.10)

040

<0.001 <0.001
1 (reference)
1.86 (1.64-2.11)

<0.001 <0.001
1 (reference)
1.23(1.09-1.39)

<0.001 <0.001

1 (reference)
1.89 (1.62-2.22)

HR, hazard ratio; Cl, confidence interval; AHR, adjusted hazard ratio; HBV, hepatitis B virus.
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performed in 1,115 patients (78.6%), whereas 304 patients

(21.4%) received systemic treatment, mostly sorafenib.

2. Overall survival and outcomes according to
the first—line treatment

During the median follow-up of 7.7 months (IQR, 3.6—
19.6), 1,146 patients (80.8%) died, with a median OS of 8.3
months. The 1-, 2-, 3-, and 5-year survival rates in the entire
study population were 40.8%, 24.4%, 14.8%, and 13.6%, re-
spectively.

The median OS of patients who received combined TACE
and RT and systemic treatment was 10.7 and 3.9 months, re-
spectively (P<0.001). The survival rates at 1, 2, 3, and 5 years in
patients who received combined TACE and RT were 47.1%,
28.6%, 20.8%, and 16.2%, respectively. Patients who received
systemic treatment had survival rates of 16.1%, 7.2%, 4.0%, and

2.7%at 1,2, 3, and 5 years after treatment, respectively.

3. Factors associated with overall survival

In the univariate analysis, CP class B (hazard ratio [HR],
2.10; 95% confidence interval [CI], 1.86-2.38), CP class A,
larger tumor size (=10 cm or infiltrative type; HR, 2.12; 95%
CI, 1.87-2.39), main branch vascular invasion (HR, 1.49; 95%
CI, 1.32-1.67), and extrahepatic metastasis (HR, 2.03; 95% CI,
1.74-2.38) were associated with poorer OS (Table 2).

In the multivariate analysis, factors associated with OS
were CP class B (AHR, 1.86; 95% CI, 1.64-2.10), tumor size
=10 cm or infiltrative-type tumor (AHR, 1.86; 95% ClI,
1.64-2.11), main or bilateral vascular invasion (AHR, 1.23;
95% CI, 1.09-1.39), and presence of extrahepatic metastasis
(AHR, 1.89; 95% CI, 1.62-2.22) (Table 2).

4. Subclassification and overall survival
Based on the AHR for each factor from the multivariate
analysis, CP class B, tumor size =10 cm or infiltrative-type

tumor, and presence of extrahepatic metastasis were each as-
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20 p<0.001
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Figure 1. Overall survival of patients with hepatocellular carcinoma
and macrovascular invasion according to the subclassification.

Table 3. Assigned scores by factors and subclassification based on the assigned scores

Entire population TACE + RT Systemic treatment
Assigned Prognostic  Assigned  Number . Number . .
SR (e S of Med‘lan Med‘lan Num‘ber of Med‘lan
- survival . survival patients survival
patients patients
Prognostic factor
Child-Pugh class B 2 Main or 1
bilateral
vascular
invasion
Tumor size =10 cm 2 Extrahepatic 2
or infiltrative-type metastasis
tumor
Low (0-1) 380 22.6 348 24.2 32 6.4
Intermediate (2-3) 614 8.2 500 9.5 114 51
High (=4) 425 3.8 237 4.5 158 2.6

TACE, transarterial chemoembolization; RT, radiation treatment.
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signed a score of 2, whereas main or bilateral vascular inva-
sion was assigned a score of 1. The sub-classification into
three groups was based on the sum of these four scores,
ranging from 0 to 7. Low (380 patients, 26.8%), intermediate
(614 patients, 43.2%), and high (425 patients, 30.0%) risks
were classified according to the ranges of 0-1, 2-3, and =4,
respectively (Table 3). The median OS of the low, intermedi-
ate, and high-risk groups was 22.6, 8.2, and 3.8 months, re-
spectively (Fig. 1).

5. Survival according to the first-line treatment
based on the subclassification

Subclassification into low, intermediate, and high-risk
groups showed statistically different OS in patients who re-
ceived combined TACE and RT (Fig. 2A) and systemic treat-
ment (Fig. 2B).

Of the 380 patients in the low-risk group, 348 (91.6%)
were treated with combined TACE and RT, whereas 32
(8.4%) received systemic treatment. The median OS of pa-
tients in the two groups differed significantly (combined
TACE and RT, 24.2 months; systemic treatment, 6.4 months;
P<0.001) (Fig. 3A). In the intermediate-risk group, the me-
dian OS was 9.5 months in patients who received combined
TACE and RT (n=500), which was significantly longer than
that in patients who received systemic treatment (n=114, 5.1
months, £<0.001) (Fig. 3B). Of the 425 patients in the high-

100
§ 80 T
2
E 60 I
]
B
]
>
o 40
20 1 p<0.001
0 T T T T T 1
Number atRisk 0 1 2 3 4 5
Time (years)
Low 348 247 156 106 70 52
Intermediate 500 197 101 56 40 29
High 267 53 22 9 5

risk group, those treated with combined TACE and RT had
significantly longer OS than those who received systemic
treatment (P<0.001) (Fig. 3C).

6. Propensity score—matching analysis

Of the patients in the low-risk group, the median OS for
patients who received combined TACE and RT and those
who received systemic treatment was 19.9 and 8.4 months,
respectively (Fig. 3D). Of the 107 PS-matched pairs in the
intermediate-risk group, patients who received combined
TACE and RT had a significantly longer median OS than
those who received systemic treatment (8.2 vs. 5.4 months,
P<0.001) (Fig. 3E). Among the high-risk group consisting of
70 PS-matched pairs, patients treated with combined TACE
and RT, and those who received systemic treatment, had a
median OS of 4.2 and 2.7 months, respectively (P=0.073)
(Fig. 3F).

7. Subgroup analysis according to the presence
of extrahepatic metastasis

Of the 1,201 patients without extrahepatic metastasis, the
median OS (11.5 months) in patients receiving TACE and
RT was significantly longer than the median OS (4.2 months)
in patients receiving systemic treatment (£<0.001) (Supple-
mentary Fig. 1). Of the 218 patients with extrahepatic metas-
tasis, the TACE and RT group showed a significantly longer

100
80

60

Overall survival (%)

40

20

p<0.001

o . L

T T 1

Number atRisk 0 1 2 3 4 5
Time (years)

Low 32 10 3 0 0 0

Intermediate 114 18 7 4 3 1

High 158 10 4 2 1 1

Figure 2. Overall survival of patients with hepatocellular carcinoma and macrovascular invasion according to the treatment. (A) Transarterial

chemoembolization and radiation treatment. (B) Systemic treatment.
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OS than the systemic treatment group (4.6 vs 2.7 months, re-
spectively) (Supplementary Fig. 2), despite the difference be-

ing less pronounced than that in patients without extrahe-

patic metastasis. In patients without extrahepatic metastasis,
the median OS of the low, intermediate, and high-risk
groups was 22.6, 8.3 and 3.9 months, respectively (Supple-
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Figure 3. Overall survival of patients. (A) Low-risk group, entire population. (B) Intermediate-risk group, entire population. (C) High-risk group,
entire population. (D) Low-risk group, propensity score-matching analysis. (E) Intermediate-risk group, propensity score-matching analysis. (F)

High-risk group, propensity score-matching analysis.
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mentary Fig. 3). Patients with extrahepatic metastasis were
only included in the intermediate and high-risk groups, with
a median OS of 6.2 and 3.7 months, respectively (Supple-
mentary Fig. 4).

DISCUSSION

In the present study of patients with HCC and M V], those
treated with combined TACE and RT had significantly lon-
ger OS than those who received systemic treatment. CP class
B, main or bilateral vascular invasion, presence of extrahe-
patic metastasis, and tumor size =10 cm or infiltrative-type
tumors were associated with a poor prognosis. Using these
four factors, patients with HCC and MVI could be subclassi-
fied into three groups with distinct prognoses. Patients in the
newly subclassified low-risk group who received combined
TACE and RT had a median OS of 2 years, although they
were still classified as BCLC stage C.

A few studies have attempted to classify BCLC stage C
HCC. A study involving 1,746 patients with BCLC stage C
HCC, using registries from the Korean Liver Cancer Study
Group, demonstrated that significant PVI, defined as PVI in
the lobar, main, or bilateral branch, and extrahepatic metas-
tasis, was associated with an increased risk of death." This
finding is consistent with ours, resulting in the incorporation
thereof in our subclassification system. However, unlike our
study, that study did not provide detailed information on the
treatment and prognosis of HCC. Another study analyzed
612 patients treated with sorafenib for BCLC stage C HCC."”
That study suggested a subclassification according to five
prognostic factors: CP score, AFP, tumor type (nodular or
infiltrative), extrahepatic metastasis, and PVI. Using these
variables, the authors classified patients with BCLC stage C
HCC into three groups, which clearly showed different OS.
Notably, this study assigned greater points to CP class B (7)
and AFP levels (3-10) rather than PVI (1) and extrahepatic
metastasis (1) to give a maximum total of 24 points. Al-
though all factors affecting poorer prognosis, except AFP
levels, were consistent with those in our study, the magni-
tudes of each factor were significantly different from those in

our study. Our study showed a similar impact of CP class

http://e-jlc.org

and extrahepatic metastasis on prognosis compared to the
previous study. This discrepancy may have been due to the
differences in patient characteristics. The aforementioned
study included most treatment-experienced patients who
had received systemic treatment. However, our study only
included treatment-naive patients to demonstrate unbiased
treatment effects of either combined TACE and RT or sys-
temic treatment for BCLC stage C HCC.

We previously suggested the use of a sub-classification
model in patients who received combined TACE and RT for
HCC with MVL'* Of the 639 included patients, CP class B,
extrahepatic metastasis, main or bilateral vascular invasion,
and tumor size =10 c¢m or infiltrative-type tumors were as-
sociated with poor OS." The patients were then categorized
into four groups (very low, low, intermediate, and high risk)
based on these four factors. In the very low-risk group, with-
out all four factors, patients who received combined TACE
and RT had a median OS of 84 months, indicating a signifi-
cantly better prognosis, given that the median survival of pa-
tients with HCC and M V1 is considered to be approximately
9 to 12 months. However, in our previous study, we were
unable to validate whether this subclassification is still appli-
cable to the prediction of prognosis in patients who received
systemic treatment. Furthermore, we did not compare OS
between patients who received combined TACE and RT and
those who received systemic treatment according to this sub-
classification. Thus, the present study overcomes these draw-
backs and further modifies the sub-classification. In the pres-
ent study, patients in the low-risk group who received
combined TACE and RT as first-line treatment had a median
OS of 24 months. However, those who received systemic
treatment had a median OS of 6.4 months although they
were also classified into the low-risk group. This suggests
that a subset of HCC patients with MVI, despite having
BCLC stage C, can benefit more from combined TACE and
RT than from systemic treatment if they are classified into a
low-risk group based on our subclassification.

Many previous studies have demonstrated that the combi-
nation of RT and TACE is effective and prolongs the OS of
patients with MVL**'"*"" MVI, especially PVI, may impede

portal flow into the liver, resulting in decreased liver func-
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tion, thus, further treatment for HCC may not be allowed
because of poor liver reserve, despite the existence of effective
treatment. However, RT can reduce the restoration of portal
flow by decreasing tumor thrombus in the portal vein, and
TACE can control the intrahepatic tumor burden. In this re-
gard, previous cohort studies, including randomized trials,
have shown a more significant survival benefit from com-
bined TACE and RT than from systemic treatment.'’

Almost all patients who received systemic treatment in this
study were treated with sorafenib, as it was the only approved
first-line treatment available during the study period. How-
ever, atezolizumab and bevacizumab treatment recently
showed significantly better OS than sorafenib in the IM-
bravel50 trial."” This implies that patients who will receive
atezolizumab and bevacizumab treatments can anticipate
much better OS in each risk group than the actual OS in the
present study. Indeed, an updated analysis of the IMbrave150
trial revealed that patients with MVI had an OS of 14.2
months compared with those treated with sorafenib in the
SHARP trial (OS of 8.1 months).”**' Therefore, future stud-
ies should compare the efficacy between combined TACE
and RT and newly approved systemic treatments, including
atezolizumab and bevacizumab, and validate whether our
subclassification is still applicable to patients who will receive
new systemic treatments to overcome the limitation of our
study.

Additionally, patients with MVI have been shown to bene-
fit from transarterial radioembolization (TARE) recently.
Therefore, the performance of our proposed sub-classifica-
tion in predicting the prognosis of TARE-treated patients
should be further evaluated.

Our study has several limitations. Considering its retro-
spective nature, it was inevitably subject to selection bias.
Nevertheless, we included consecutive treatment-naive pa-
tients to minimize bias. Furthermore, our study was con-
ducted in a single center where combined TACE and RT was
widely used as an effective treatment modality for patients
with BCLC stage C HCC. However, other treatment modali-
ties such as hepatic arterial infusion chemotherapy and con-
current chemoradiation therapy have also been used in other

centers. Therefore, our subclassification may not be general-
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izable to patients who receive these treatments.

In conclusion, combined TACE and RT had significantly
better OS than systemic treatment in patients with HCC and
MVI. Although all patients had BCLC stage C HCC, subclas-
sification using four factors, namely, CP class B, extrahepatic
metastasis, tumor size =10 cm or infiltrative-type tumor,
and main or bilateral vascular invasion, resulted in a distinc-
tive prognosis. A subset of patients with BCLC stage C HCC,
particularly those in the low-risk group in our subclassifica-
tion, can expect better survival if treated with combined
TACE and RT.
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