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IMPORTANCE Patients with hepatocellular carcinoma showing macroscopic vascular invasion
have a poor prognosis. Sorafenib is the sole treatment option for these patients, with
unsatisfactory response and survival benefit. Combined treatment with transarterial
chemoembolization (TACE) plus external beam radiotherapy (RT) has shown promising
results for these patients in observational studies.

OBJECTIVE To evaluate the efficacy and safety of TACE plus RT compared with sorafenib for
patients with hepatocellular carcinoma and macroscopic vascular invasion.

DESIGN, SETTING, AND PARTICIPANTS In this randomized, open-label clinical trial conducted at
an academic tertiary care center between July 1, 2013, and October 31, 2016, 90
treatment-naive patients with liver-confined hepatocellular carcinoma showing macroscopic
vascular invasion were randomly assigned to receive sorafenib (400 mg twice daily; 45
participants [the sorafenib group]) or TACE (every 6 weeks) plus RT (within 3 weeks after the
first TACE, maximum 45 Gy with the fraction size of 2.5 to 3 Gy; 45 participants [the TACE-RT
group]).

MAIN OUTCOMES AND MEASURES The primary end point was the 12-week progression-free
survival rate by intention-to-treat analysis. Radiologic response was assessed by independent
review according to the Response Evaluation Criteria in Solid Tumors (RECIST; version 1.1).
Treatment crossover was permitted after confirming disease progression.

RESULTS Of the 90 patients (median age, 55 years; range, 33-82 years), 77 were men and 13
were women. All patients had portal vein invasion of hepatocellular carcinoma and
Child-Pugh class A liver function. The median maximal tumor diameter was 9.7 cm. Most
patients (71 [78.9%]) had multiple lesions. At week 12, the progression-free survival rate was
significantly higher in the TACE-RT group than the sorafenib group (86.7% vs 34.3%;
P < .001). The TACE-RT group showed a significantly higher radiologic response rate than the
sorafenib group at 24 weeks (15 [33.3%] vs 1 [2.2%]; P < .001), a significantly longer median
time to progression (31.0 vs 11.7 weeks; P < .001), and significantly longer overall survival
(55.0 vs 43.0 weeks; P = .04). Curative surgical resection was conducted for 5 patients (11.1%)
in the TACE-RT group owing to downstaging. No patients in the TACE-RT group discontinued
treatment owing to hepatic decompensation.

CONCLUSIONS AND RELEVANCE For patients with advanced hepatocellular carcinoma
showing macroscopic vascular invasion, first-line treatment with TACE plus RT was well
tolerated and provided an improved progression-free survival, objective response rate, time
to progression, and overall survival compared with sorafenib treatment.
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L iver cancer is the second leading cause of cancer death
worldwide,1 with hepatocellular carcinoma (HCC) ac-
counting for about 90% of all primary liver cancers.2 By

2030, the annual number of new liver cancer cases world-
wide is predicted to increase 35% from 2005 (when the num-
ber of new cases was 708 536), especially in Western Europe
and North America.3,4

About half of patients with HCC receive a diagnosis when
the cancer is at a locally advanced stage, often with macro-
scopic vascular invasion (MVI) bearing a poor prognosis with
an expected median survival time of only 2 to 5 months with-
out treatment.5-8 Sorafenib is the only evidence-based treat-
ment option for this patient group. However, in a pooled analy-
sis of 2 pivotal phase 3 trials, sorafenib prolonged the median
survival of these patients by only 47 days compared with
placebo.8-10

With recent technological advances, external beam radio-
therapy (RT) could be considered an alternative treatment op-
tion for patients with HCC.11 Recent early-phase trials have
demonstrated that RT can be safely and effectively delivered
to locally advanced HCC, leading to sustained local control and
survival rates higher than in historical controls.12-14 The com-
bined treatment of transarterial chemoembolization (TACE)
and RT has shown promising radiologic response rates and im-
proved overall survival with HCC and MVI in observational
studies.15-17 This randomized clinical trial assesses the effi-
cacy and safety of TACE plus RT compared with sorafenib for
patients with HCC and MVI.

Methods
Study Design and Participants
This study was a randomized, single-center, open-label clini-
cal trial conducted at Asan Medical Center, Seoul, Republic of
Korea. The trial protocol is available in Supplement 1. Eligible
patients were aged 20 years or older and had a primary diag-
nosis of HCC with MVI. No patients had received previous
therapy for HCC. Hepatocellular carcinoma was diagnosed by
histologic findings and/or the American Association for the
Study of Liver Diseases criteria.18 The presence of MVI was as-
sessed by 4-phase dynamic computed tomography (CT) using
the following criteria: an intraluminal filling defect adjacent
to the primary tumor in a portal and/or hepatic vein, an en-
hancement of the filling defect on the arterial phase, and a
washout on the portal or delayed phases. Patients with HCC
invading at least the first- or second-branch portal vein, with
preserved unilateral portal blood flow, were included. All pa-
tients provided written informed consent before enrollment.
This study was approved by the Asan Medical Center institu-
tional review board.

Eligibility criteria also included an Eastern Cooperative
Oncology Group performance status score of 0 or 1; Child-
Pugh class A liver function; no extrahepatic metastasis de-
tected on abdominal CT scan, chest CT scan, and whole-body
bone scan; and adequate hematologic, hepatic, and renal func-
tion (hemoglobin level ≥8.5 g/dL [to convert to grams per
liter, multiply by 10.0], absolute neutrophil count ≥750/μL [to

convert to ×109/L, multiply by 0.001], platelet count
≥30 × 103/μL [to convert to ×109/L, multiply by 1.0], interna-
tional normalized ratio ≤1.5, albumin level ≥2.8 g/dL [to con-
vert to grams per liter, multiply by 10.0], total bilirubin level
≤3 mg/dL [to convert to micromoles per liter, multiply by
17.104], alanine aminotransferase level <10 times the upper
limit of normal, and serum creatinine level ≤1.5 mg/dL [to con-
vert to micromoles per liter, multiply by 88.4]). Patients were
required to have at least 1 target lesion measurable in 1 dimen-
sion according to the Response Evaluation Criteria in Solid
Tumors (RECIST), version 1.1.19 Patients were excluded if they
had uncontrolled ascites, hepatic encephalopathy, a prior
organ transplant, an active gastric or duodenal ulcer, other
uncontrolled comorbidities or malignant neoplasms, or were
positive for HIV.

Randomization
Between July 1, 2013, and October 31, 2016, all eligible patients
were randomly assigned to receive sorafenib or TACE plus RT
in a 1:1 ratio using an interactive web response system inte-
grated with the electronic data capture system (Medrio Inc).
Randomization was conducted within 1 week after eligibility
confirmation, and treatments began within 1 week thereafter.

Interventions
Sorafenib was continuously administered orally as a stan-
dard 400-mg dose twice daily (800 mg/d). Patient visits were
scheduled every 2 weeks for the first 6 weeks and every 3 weeks
thereafter to monitor safety and drug accountability. Dose re-
ductions and treatment interruptions were allowed accord-
ing to drug-related toxicity grade as recommended.

For the TACE procedure, after selective catheterization of
the feeding artery, 2 mg/kg of cisplatin was infused as the che-
motherapeutic agent. The feeding arteries were then emboli-
zed using an emulsion of 5 to 10 mL of cisplatin and iodized
oil (Lipiodol Ultra-Fluide; Laboratoire Guerbet) mixture, fol-
lowed by an absorbable gelatin sponge (Gelfoam; Upjohn). To
minimize the risk of hepatic decompensation after TACE, gela-
tin sponge particle embolization was not performed accord-
ing to the severity of portal blood flow impairment at the

Key Points
Question Does combined local treatment of transarterial
chemoembolization plus external beam radiotherapy improve
survival of patients with hepatocellular carcinoma showing
macroscopic vascular invasion compared with sorafenib, the
current standard systemic treatment?

Findings In this randomized clinical trial of 90 patients, patients
receiving transarterial chemoembolization plus external beam
radiotherapy had a significantly higher 12-week progression-free
survival rate and a significantly longer median overall survival time
compared with patients receiving sorafenib.

Meaning For patients with locally advanced hepatocellular
carcinoma showing macroscopic vascular invasion, combined
treatment with transarterial chemoembolization plus external
beam radiotherapy may represent a new treatment paradigm,
providing improved patient survival compared with sorafenib.
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discretion of the investigator. Transarterial chemoemboliza-
tion was repeated every 6 of the first 24 weeks and every 6 to
8 weeks thereafter.

External beam RT for vascular invasion began within 3
weeks after the first TACE. Gross tumor volume included vas-
cular invasion and a 2-cm margin into the contiguous HCC at
the end-expiratory phase of the CT image. Internal target vol-
ume was delineated as the sum of the individual gross tumor
volumes, as defined within the gated respiration phases. Plan-
ning target volume was expanded to include a 0.7-cm margin
from the internal target volume. The planned total dose to the
planning target volume was 45 Gy with the fraction size of 2.5
to 3.0 Gy, using 6-, 10-, or 15-MV X-rays at 5 fractions per week
with a linear accelerator (Varian Medical Systems).17 A 3-di-
mensional conformal RT technique was used to determine ra-
diation ports using a planning system (Eclipse, version 10.0;
Varian), and the actual beam delivery was performed with a
respiratory-gated beam delivery technique.

Outcomes and Assessments
The primary end point of the study was the 12-week progres-
sion-free survival (PFS) rate. Progression was defined as pro-
gressive disease by independent radiologic review according
to RECIST, version 1.1, criteria19 or death from any cause. Sec-
ondary end points were the 24-week PFS rate, 12- and 24-
week radiologic response rates, 12- and 24-week treatment
crossover rates, time to progression, time to treatment cross-
over, and overall patient survival.

The overall treatment period was divided into 6-week cycles
for the efficacy and safety assessment. Tumor measurements
and response evaluations were conducted by an independent
radiologist (S.J.L.) based on liver dynamic CT images at screen-
ing and every 6 weeks after randomization. A secondary radi-
ologist in the central imaging core laboratory (Asan Image Met-
rics) performed an independent blinded image review at the end
of the study without interfering with the primary judgment con-
cerning disease progression and treatment decision. The radio-
logic response rate was defined as the proportion of patients with
complete response or partial response. Treatment crossover was
permitted after confirming disease progression during the ini-
tially assigned treatment. Adverse events were graded using the
National Cancer Institute Common Terminology Criteria for
Adverse Events, version 4.03.

After completion of the 24-week initial study period, pa-
tients continued treatment and were followed up for disease
progression and overall survival until August 31, 2017. Cura-
tive surgical resection was allowed for patients with partial
response after 24 weeks.

Statistical Analysis
The primary data set for efficacy analyses comprised all ran-
domized patients (intention-to-treat analysis), and the analy-
ses were performed by comparing the originally randomized
treatment groups (ie, the sorafenib and TACE-RT groups). As-
suming 12-week PFS rates of 50% for the sorafenib group8,9 and
80% for the TACE-RT group17 plus a 2-sided 5% significance
level, 90 patients were required to achieve 80% power based
on a test for equality of proportions.

The χ2 test or the Fisher exact test were used to compare
the 12- and 24-week radiologic response rates between treat-
ment groups, as appropriate. Survival curves for time-to-
event variables were determined by the Kaplan-Meier method,
and the log-rank test was used for treatment comparisons. The
hazard ratio for survival and its 95% CI were calculated using
a Cox proportional hazards regression model.

All tests were 2-sided, and P < .05 was considered statis-
tically significant. All statistical analyses were performed using
SPSS Statistics, version 21 (IBM Corp).

Results
Study Population
Between July 1, 2013, and October 31, 2016, 90 patients were
randomly assigned to receive sorafenib (45 participants) or
TACE plus RT (45 participants), and they were included in the
intention-to-treat analysis (Figure 1). Baseline characteristics
were well balanced between the sorafenib and TACE-RT groups
(Table 1 and eTable 1 in Supplement 2). All patients had Child-
Pugh class A liver function and an Eastern Cooperative Oncol-
ogy Group performance status of 0 or 1. Chronic hepatitis B
virus infection was the predominant cause of liver disease (76
[84.4%]). The median maximal tumor diameter was 9.7 cm
(interquartile range, 7.1-12.2 cm). Most patients had multiple
lesions (71 [78.9%]). Unilateral portal vein invasion was ob-
served in 53 patients (58.9%), and 37 patients (41.1%) had tu-
mor invasion to multiple vessels. No patients had extrahe-
patic spread.

Figure 1. Patient Flow Diagram

90 Patients screened

45 Assigned to sorafenib
(intention-to-treat population)

45 Assigned to TACE + RT
(intention-to-treat population)

44 Received sorafenib
(safety population)

45 Received TACE + RT
(safety population)

3 Completed 24 wk of sorafenib 25 Completed 24 wk of TACE + RT

Followed up ≤4 y Followed up ≤4 y

1 Withdrew consent

90 Randomized

41 Discontinued sorafenib
8 Died due to disease

progression

1 Had adverse events

3 Died without disease
progression

28 Had disease progression

1 Withdrew consent

20 Discontinued TACE + RT
6 Died due to disease

progression
1 Died without disease

progression
13 Had disease progression

TACE + RT indicates transarterial chemoembolization plus external beam
radiotherapy.
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PFS and Response Rates at 24 Weeks
At week 12, a total of 5 patients had died and 27 patients had
radiologic disease progression in the sorafenib group, while
none had died and 9 had radiologic disease progression in the
TACE-RT group. The 12-week PFS rate was significantly higher
in the TACE-RT group than in the sorafenib group (86.7% vs
34.3%; P < .001) (Table 2 and Figure 2A). At 12 weeks, a radio-
logic response was achieved in 2 patients (4.4%) in the sorafenib
group and 13 patients (28.9%) in the TACE-RT group (P = .002).
After confirmation of radiologic disease progression, 20 pa-
tients (48.9% by Kaplan-Meier estimation) in the sorafenib
group switched their treatment to TACE plus RT within 12
weeks, while no patients in the TACE-RT group switched their
treatment to sorafenib (P < .001).

At week 24, a total of 11 patients had died and 36
patients had radiologic disease progression in the sorafenib
group, while 7 had died and 19 had radiologic disease pro-
gression in the TACE-RT group. The 24-week PFS rate was
significantly higher in the TACE-RT group than in the
sorafenib group (55.6% vs 7.4%; P < .001) (Table 2 and

Figure 2A and B). A radiologic response was observed in 1
patient (2.2%) in the sorafenib group and 15 patients (33.3%)
in the TACE-RT group (P < .001). In the sorafenib group, 34
patients (90.7% by Kaplan-Meier estimation) switched their
treatment to TACE plus RT owing to disease progression
within 24 weeks, while 9 (23.0%) in the TACE-RT group
switched their treatment to sorafenib (P < .001) (Table 2 and
eTable 2 in Supplement 2).

The discordance rate between the primary and second-
ary radiologic review was 4.8% (4 of 83; P = .13) (eTables 3 and
4 in Supplement 2), indicating low interrater variability with
no effect on patient outcomes (eFigure 1 in Supplement 2).
α-Fetoprotein levels decreased significantly at 24 weeks in the
TACE-RT group only (eTable 5 and eFigure 2 in Supplement
2). Regardless of the extent of vascular invasion, those in the
TACE-RT group showed significantly better median 24-week
PFS than those in the sorafenib group (patients with HCC
and unilateral portal vein invasion, 29.3 weeks [95% CI, 13.9-
44.7] vs 11.7 weeks [95% CI, 4.9-18.6]; P < .001; patients with
HCC and multiple vascular invasion, 30.0 weeks [95% CI,

Table 1. Baseline Characteristics of the Patients

Characteristic

Patients, No. (%)

Total (N = 90)
Sorafenib Group
(n = 45) TACE-RT Group (n = 45)

Age, median (range), y 55 (33-82) 55 (33-82) 55 (42-77)

Sex

Male 77 (85.6) 39 (86.7) 38 (84.4)

Female 13 (14.4) 6 (13.3) 7 (15.6)

Child-Pugh class A 90 (100) 45 (100) 45 (100)

Albumin, median (IQR), g/dL 3.5 (3.3-3.8) 3.5 (3.3-3.8) 3.5 (3.3-3.9)

Total bilirubin, median (IQR), mg/dL 0.7 (0.6-1.0) 0.7 (0.6-1.0) 0.7 (0.6-1.0)

ECOG performance status

0 41 (45.6) 22 (48.9) 19 (42.2)

1 49 (54.4) 23 (51.1) 26 (57.8)

Cause of disease

Hepatitis B virus infection 76 (84.4) 40 (88.9) 36 (80.0)

Hepatitis C virus infection 1 (1.1) 0 1 (2.2)

Other 13 (14.4) 5 (11.1) 8 (17.8)

Tumor size, maximum, median (IQR), cm 9.7 (7.1-12.2) 9.6 (7.0-11.8) 9.8 (8.0-12.8)

Tumor, No.

Single 19 (21.1) 13 (28.9) 6 (13.3)

Multiple 71 (78.9) 32 (71.1) 39 (86.7)

Tumor extent

Unilobar involvement 48 (53.3) 27 (60.0) 21 (46.7)

Bilobar involvement 42 (46.7) 18 (40.0) 24 (53.3)

Level of vascular invasion

Unilateral PV 53 (58.9) 27 (60.0) 26 (57.8)

Bilateral or main PV 33 (36.7) 16 (35.6) 17 (37.8)

Unilateral PV + HV or IVC 2 (2.2) 1 (2.2) 1 (2.2)

Bilateral PV + HV or IVC 2 (2.2) 1 (2.2) 1 (2.2)

Bile duct invasion

No 86 (95.6) 45 (100) 41 (91.1)

Yes 4 (4.4) 0 4 (8.9)

α-Fetoprotein, median (IQR), ng/mL 832 (65-37 525) 667 (36-51 138) 1496 (78-37 736)

PIVKA-II, median (IQR), mAU/mL 2346 (142-15 333)2426 (111-13 775) 2266 (150-16 339)

Abbreviations: ECOG, Eastern
Cooperative Oncology Group;
HV, hepatic vein; IQR, interquartile
range; IVC, inferior vena cava;
PIVKA-II, protein induced by vitamin
K absence or antagonist; PV, portal
vein; RT, external beam radiotherapy;
TACE, transarterial chemoemboli-
zation.

SI conversion factors: To convert
albumin to grams per liter, multiply by
10.0; to convert bilirubin to
micromoles per liter, multiply by
17.104; and to convert α-fetoprotein
to micrograms per liter, multiply by
1.0.
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20.1-40.0] vs 8.0 weeks [95% CI, 0.9-15.1] for both; P = .003;
eFigure 3A and B in Supplement 2).

Time to Disease Progression
During a maximum of 140 weeks of follow-up, disease pro-
gression occurred in 39 patients in the sorafenib group and 33
patients in the TACE-RT group (100% in the sorafenib group
vs 83.8% in the TACE-RT group by Kaplan-Meier estimation;
P < .001 (Figure 2C). The median time to progression was sig-
nificantly longer in the TACE-RT group than in the sorafenib
group (31.0 vs 11.7 weeks; hazard ratio, 0.28; 95% CI, 0.17-
0.46; P < .001) (Table 3).

Overall Survival
The median overall survival was significantly longer in the
TACE-RT group than in the sorafenib group (55.0 vs 43.0 weeks;
hazard ratio, 0.61; 95% CI, 0.38-0.98; P = .04) (Table 3 and
Figure 2D). The 48-week survival rates were 55.4% in the
TACE-RT group and 44.4% in the sorafenib group.

By the last follow-up, 18 patients were alive (6 in the
sorafenib group and 12 in the TACE-RT group). All living pa-
tients in the sorafenib group had switched their treatment to
TACE plus RT owing to disease progression. No patients con-
tinued to receive sorafenib treatment.

Curative surgical resection could be performed on 5
patients (11.1%) only in the TACE-RT group between 27 and 40

weeks owing to downstaging; 1 patient died at 51 weeks, and
4 were alive at the last follow-up, with an overall survival time
of 119 to 149 weeks. A representative case is shown in eFigure
4 in Supplement 2.

Safety
One patient assigned to the sorafenib group withdrew con-
sent after randomization and did not receive treatment. There-
fore, the safety analysis population comprised 89 patients who
received the assigned treatments.

The overall incidences of adverse events were 93.2% in the
sorafenib group (41 of 44 patients) and 91.1% in the TACE-RT
group (41 of 45 patients) (eTables 6 and 7 in Supplement 2).
Serious adverse events were reported for 5 patients in each
group. A patient in the sorafenib group discontinued treat-
ment because of severe mucositis. In the TACE-RT group, a
transient grade 3 elevation in total bilirubin level was
observed in 1 patient; however, this patient’s treatment was
discontinued owing to lung metastasis.

The actual mean daily dose of sorafenib was 739 mg. Over-
all, 14 of 44 patients (31.8%) in the sorafenib group required
dose modifications for adverse events (eTable 8 in Supplement
2). In the TACE-RT group, for the first TACE, full-dose chemo-
embolization with cisplatin, iodized oil, and gelatin sponge
cubes was performed for 29 patients (64.4%), and chemoem-
bolization without gelatin sponge infusion was performed for

Table 2. Disease Responses in the Intention-to-Treat Populationa

Outcome Sorafenib Group (n = 45)b
TACE-RT Group
(n = 45)b P Valuec

Radiologic responses at 12 wk, No. (%)

Overall response rated 2 (4.4) 13 (28.9) .002

Disease control ratee 12 (26.7) 36 (80.0) <.001

Complete response 0 0

Partial response 2 (4.4) 13 (28.9)

Stable disease 10 (22.2) 23 (51.1)

Progressive disease 27 (60.0) 9 (20.0)

Intrahepatic 22 (48.9) 1 (2.2)

Extrahepatic 0 5 (11.1)

Both intrahepatic and extrahepatic 5 (11.1) 3 (6.7)

Not evaluablef 6 (13.3) 0

Progression-free survival rate at 12 wk, % (95% CI)g 34.3 (22.6-52.2) 86.7 (77.3-97.2) <.001

Treatment crossover rate at 12 wk, % (95% CI)g 48.9 (30.9-62.3) 0 <.001

Radiologic responses at 24 wk, No. (%)

Overall response rated 1 (2.2) 15 (33.3) <.001

Disease control ratee 3 (6.7) 25 (55.6) <.001

Complete response 0 0

Partial response 1 (2.2) 15 (33.3)

Stable disease 2 (4.4) 10 (22.2)

Progressive disease 36 (80.0) 19 (42.2)

Intrahepatic 24 (53.3) 5 (11.1)

Extrahepatic 0 6 (13.3)

Both intrahepatic and extrahepatic 12 (26.7) 8 (17.8)

Not evaluablef 6 (13.3) 1 (2.2)

Progression-free survival rate at 24 wk, % (95% CI)g 7.4 (2.5-21.8) 55.6 (42.8-72.1) <.001

Treatment crossover rate at 24 wk, % (95% CI)g 90.7 (73.1-96.8) 23.0 (8.6-35.1) <.001

Abbreviations: RT, external beam
radiotherapy; TACE, transarterial
chemoembolization.
a The level of response was measured

according to RECIST (Response
Evaluation Criteria in Solid Tumors,
version 1.1) criteria by independent
radiologic review.

b All patients who were randomized
were included in the analyses.

c By χ2 test or Fisher exact test, as
appropriate, for radiologic
responses; and by log-rank test for
progression-free survival rate and
treatment crossover rate.

d Overall response rate, defined as
the proportion of patients who had
complete response or partial
response.

e Disease control rate, defined as the
proportion of patients who had
complete response, partial
response, or stable disease.

f Owing to death without radiologic
disease progression or early study
termination by withdrawal or
adverse event.

g By Kaplan-Meier analysis.
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16 patients (35.6%) who had severely reduced portal blood flow.
The median number of TACE procedures was 4 (interquartile
range, 3-4) during the 24-week study period. All patients in the

TACE-RT group received RT within 3 weeks after first TACE,
with a median dose of 40 Gy (interquartile range, 30-45 Gy)
in 2.5- to 3-Gy doses per fraction.

Table 3. Survival Outcomes

Outcome

Median Time (95% CI), wk

HR (95% CI)a P ValueSorafenib Group (n = 45) TACE-RT Group (n = 45)
Progression-free survival 11.3 (4.4-18.2) 30.0 (22.9-37.1) 0.27 (0.17-0.44) <.001

Time to radiologic progression 11.7 (5.5-17.9) 31.0 (23.2-38.8) 0.28 (0.17-0.46) <.001

Time to treatment crossover 13.0 (7.4-18.6) 53.0 (45.2-60.8) 0.21 (0.12-0.36) <.001

Overall survivalb 43.0 (25.9-60.1) 55.0 (28.9-81.2) 0.61 (0.38-0.98) .04

Abbreviations: HR, hazard ratio; RT, external beam radiotherapy;
TACE, transarterial chemoembolization.
a Cox proportional hazards regression model for the TACE-RT group with the

sorafenib group as a reference.

b The overall survival rate at 48 weeks was 44.4% in the sorafenib group and
55.4% in the TACE-RT group; the overall survival rate at 96 weeks was 13.6% in
the sorafenib group and 29.5% in the TACE-RT group.

Figure 2. Estimated Survival Outcomes
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A, Progression-free survival at 24 weeks. Progression-free survival rate at 12
weeks: transarterial chemoembolization plus external beam radiotherapy
(TACE + RT), 86.7% (95% CI, 77.3%-97.2%); sorafenib, 34.3% (95% CI,
22.6%-52.2%) (hazard ratio [HR], 0.21; 95% CI, 0.12-0.37; log-rank P < .001).
B, Median progression-free survival during follow-up (TACE + RT, 30.0 weeks;
95% CI, 22.9-37.1 weeks; sorafenib, 11.3 weeks; 95% CI, 4.4-18.2 weeks) (HR,

0.27; 95% CI, 0.17-0.44; log-rank P < .001). C, Median time to progression
during follow-up (TACE + RT, 31.0 weeks; 95% CI, 23.2-38.8 weeks; sorafenib,
11.7 weeks; 95% CI, 5.5-17.9 weeks) (HR, 0.28; 95% CI, 0.17-0.46; log-rank
P < .001). D, Median overall survival (TACE + RT, 55.0 weeks; 95% CI, 28.9-81.2
weeks; sorafenib, 43.0 weeks; 95% CI, 25.9-60.1 weeks) (HR, 0.61; 95% CI,
0.38-0.98; log-rank P = .04).
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Discussion

In this randomized clinical trial of patients with HCC showing
MVI compared with sorafenib treatment, the combined TACE
plus RT treatment was associated with a significantly higher rate
of PFS (86.7% vs 34.3% at 12 weeks), a significantly higher ra-
diologic response rate (33.3% vs 2.2% at 24 weeks), a markedly
longer median time to progression (31.0 vs 11.7 weeks), and a
significantly longer overall survival (55.0 vs 43.0 weeks). The
results of this study represent a significant advance in address-
ing an urgent unmet need in treating patients with advanced
HCC. All recent phase 3 trials assessing first-line systemic thera-
pies for patients with advanced HCC have failed to improve over-
all patient survival compared with sorafenib treatment.20,21 Our
study may also be significant in that it is one of the few ran-
domized clinical trials conducted specifically for patients with
HCC showing MVI; previous trials for patients with advanced
HCC included patients showing MVI as a subgroup.8-10

Macroscopicvascularinvasionisaprognosticfactorforpoorer
overall survival among patients with HCC.6-8 Even with sorafenib
treatment, patients with HCC are prone to rapid progression of
tumors.8-10 In our study, the median time to disease progression
was only 11.7 weeks with sorafenib, which was shorter than that
of patients with advanced HCC treated with sorafenib in previ-
ous phase 3 trials (5.5 months in the SHARP [Sorafenib Hepato-
cellular Carcinoma Assessment Randomized Protocol] trial10 and
2.8 months in the Asia-Pacific trial9). Nevertheless, the median
overall patient survival in the sorafenib group in our study (43
weeks) was similar to that in the SHARP trial (10.7 months)10 and
longer than that in the Asia-Pacific trial (6.5 months).9 The fact
that most of the patients in the sorafenib group switched their
treatment to TACE plus RT after identifying disease progression
(median, 13 weeks; 34 participants [90.7%] in 24 weeks) may ex-
plain these findings. To ensure that patients were not disadvan-
taged by participation, treatment crossover was allowed with dis-
ease progression. We reasoned that the high rate of treatment
crossovermightobscureanybenefitoftheinitiallyassignedtreat-
ment if overall survival was chosen as the primary end point.
Hence, we thought that PFS was the most appropriate primary
endpoint.Nonetheless,overallsurvivalintheTACE-RTgroupwas
significantly longer than in the sorafenib group, suggesting that
itwouldbebettertobegintreatmentwithTACEplusRTthanwith
sorafenib.

Tumor invasion of portal veins not only promotes intrahe-
patic tumor spread but also rapidly decreases blood supply to
the liver, causing an abrupt increase in portal pressure, result-
ing in rapid deterioration of liver function and increased risk of
portal hypertensive complications.17 This, in turn, may limit fur-
ther treatment options. Because of the rapidity of HCC tumor
thrombus progression, quick reduction in tumor thrombus vol-
ume is important to facilitate subsequent treatment of the pri-
mary tumor. However, sorafenib is only likely to delay tumor
progression, and the incidence of objective responses is very low
(2%-3.3%).9,10 Transarterial chemoembolization alone may also
have limited efficacy in reducing the tumor thrombus.15,22

Although MVI is a route of distant tumor spread, intrahe-
patic vascular invasion is a local disease. A potent locore-

gional treatment may be better than systemic therapy before
the diagnosis of distant metastasis. Owing to the advent of
CT-based treatment planning, 3-dimensional conformal liver
irradiation has become a feasible and safe technique for ad-
vanced HCC, allowing safe delivery of high tumoricidal doses
of radiation that conform tightly to the tumor, with minimal
risk of radiation-induced liver disease (<5%).11,12,14 One of the
primary indications for RT is the MVI of HCC. Radiotherapy
has been shown to have objective response rates ranging from
39% to 62% in patients with HCC and MVI.12,23-27 Despite high
local control rates by RT alone, failure outside the radiation field
provides the rationale for combining regional or systemic treat-
ments with RT. Especially, TACE is a proven treatment for lo-
cally advanced HCC, and TACE and RT may complement each
other; focal field RT targeting the MVI may relieve intravas-
cular tumor growth and maintain portal blood flow, allowing
the maintenance of liver function, limiting intrahepatic tu-
mor spread, and thereby allowing additional TACE.25,26,28 Fur-
thermore, as shown in our study, some patients can receive sub-
sequent curative surgical resection owing to downstaging by
TACE plus RT, enabling long-term patient survival.

Previous studies have raised caution regarding the risk of
TACE-induced liver failure in patients with HCC and MVI.2

However, in our trial, no patients in the TACE-RT group dis-
continued treatment for adverse events. Our study may not be
large enough to accurately establish the incidence of adverse
events. However, considering the dismal prognosis, the supe-
rior efficacy of TACE plus RT vs sorafenib may justify its use
for these patients.

Limitations
This study has potential limitations. First, the nature of the
treatments under investigation did not permit blinding. As an
open-label trial, this study may be prone to bias. Although ra-
diologic progression was assessed by an independent radiolo-
gist according to the RECIST criteria, blinded assessment was
not feasible owing to the different image responses after treat-
ment with sorafenib and TACE. However, objective clinical out-
comes, such as overall survival, are unlikely to be biased by
unblinding.29 Second, the generalizability of our results may
be limited. The predominant population (76 [84.4%]) in this
study had hepatitis B virus–associated HCC; thus, the treat-
ment strategy described may not be extrapolatable to pa-
tients with HCC not associated with hepatitis B virus.

Conclusions
This randomized clinical trial demonstrated that, for patients
with advanced HCC showing MVI, the combined treatment of
TACE and RT was well tolerated and provided an improved
PFS, objective response rate, time to progression, and overall
survival compared with sorafenib treatment. Transarterial
chemoembolization plus RT also provided a chance for cura-
tive resection in some patients. Further studies are needed to
confirm our findings and, given the poor overall patient
survival even with TACE plus RT, to further improve patient
outcome.
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Invited Commentary

Hepatocellular Carcinoma With Portal Venous Invasion
Radiating New Hope?
Khashayar Farsad, MD, PhD; Charlotte E. Costentin, MD; Andrew X. Zhu, MD, PhD

The growing incidence of hepatocellular carcinoma (HCC) is
a major global public health challenge. The mortality rate for
HCC is very high, and most available treatment options re-
main palliative. Early-stage HCC can be treated with curative

intent with transplantation,
resection, or ablation. Level 1
evidence from randomized
clinical trials has demon-

strated a survival advantage for transarterial chemoemboli-
zation (TACE) vs supportive care for intermediate-stage HCC1

and for systemic therapy with sorafenib, lenvatinib, rego-
rafenib, and cabozantinib for advanced-stage HCC.1,2 Re-
cently, immune checkpoint inhibitors have demonstrated
impressive antitumor activity with high response rates in ad-
vanced HCC, and phase 3 trials are ongoing to assess survival
benefits.3,4

Newer locoregional therapies (LRTs), including drug-
eluting beads for TACE and internal radiotherapy with trans-
arterial yttrium-90–coupled microspheres has spurred con-
siderable interest, although without a definitive survival
advantage to date relative to proven treatments. Further-
more, with advanced-stage HCC, no survival advantage vs
sorafenib has been shown with these therapies alone or in com-
bination with systemic therapies,1 although additional phase
2 and phase 3 trials are ongoing for both TACE and yt-
trium-90 with sorafenib (NCT01126645 and NCT01556490).5

External beam radiotherapy (XRT) is emerging as a new
locoregional treatment option, with observational and early-
phase studies showing promise in selected patient populations,
but again, with limited prospective data supporting its use and
in what stage of disease it should be used.5

As the available armamentarium has evolved and grown,
so has interest in combining these therapies to maximize pa-
tient benefit. Transarterial chemoembolization with abla-
tion, for example, has shown promise in prospective trials at
improving local disease control and overall survival for early-
stage HCC.6 It is fitting, therefore, that interest in multimodal
therapy to improve the dismal prognosis of advanced-stage
HCC would naturally follow. Specifically, portal venous inva-
sion (PVI) has consistently been associated with poorer prog-
nosis, with or without extrahepatic disease.5 Existing treat-
ments demonstrate poor efficacy for HCC with PVI, with
subgroup analyses in early major prospective trials showing

modest, if any, benefits of therapy beyond the natural history
of the disease.5

In this issue of JAMA Oncology, Yoon et al7 have now pro-
vided much-needed prospective data showing a potential
signal for improved outcomes in patients with HCC and PVI
treated aggressively with locoregional therapy using TACE
and XRT. Using a therapeutic strategy including serial TACE
with early XRT compared with systemic therapy with
sorafenib, they demonstrated a significantly improved pri-
mary end point for 12-week progression-free survival (86.7%
vs 34.3%; P < .001). In addition, secondary end points of
radiologic response rate (33.3% vs 2.2%; P < .001), median
time to progression (31.0 vs 11.7 weeks; P < .001), and overall
survival (55.0 vs 43.0 weeks; P = .04) were all improved in
those treated with LRT.

Although impressive, the outcomes and study design have
notable caveats that are important to consider if the data are
to be extrapolated for routine practice. The sample size in-
cluded only 90 patients, and the proportion of participants with
cirrhosis was not reported, a factor that may affect the safety
of aggressive LRT. Moreover, the cohort included mostly pa-
tients with hepatitis B virus–related liver disease, a subset of
patients who potentially have less favorable outcomes with
sorafenib treatment relative to those with hepatitis C virus–
related HCC.1 Finally, the median time to progression in the
sorafenib arm (11.7 weeks) was shorter than what has been re-
ported in other trials. Thus, the relevance of the findings to
other patient populations must be made cautiously.

The TACE protocol used in the study by Yoon et al7 in-
cluded a cisplatin infusion followed by cisplatin and gelatin
sponge chemoembolization, with additional bland arterial em-
bolization performed subjectively based on the degree of PVI.
Transarterial chemoembolization was performed every 6
weeks, with a median of 4 treatments. With respect to gener-
alizability, cisplatin is not universally used for TACE, either ow-
ing to availability or practice patterns. Moreover, many cen-
ters perform repeat TACE only if needed based on residual
disease on results of cross-sectional contrast-enhanced
imaging, rather than in a scheduled fashion.

The XRT regimen in the trial by Yoon et al7 used modern
3-D conformal techniques, but with a fractionation schedule
leading to a median of 40 Gy delivered in 2.5 to 3.0 Gy per frac-
tion. This regimen is in comparison with the growing use of
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