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Abstract
Background: Overall survival of patients with advanced he-
patocellular carcinoma (HCC) with Vp4 (tumor thrombosis of 
the main trunk or bilobar of the portal vein) is extremely 
poor. Purpose: The purpose of this study is to clarify the 
prognosis of hepatic arterial infusion chemotherapy (HAIC) 
combined with radiation therapy (RT) for advanced HCC 
with Vp4 and to analyze the factors that contribute to the 
prognosis. Methods: In this retrospective cohort study, 51 
HCC patients who were treated with HAIC and RT for portal 
vein tumor thrombosis and met the following criteria were 

enrolled: (i) with Vp4; (ii) Child-Pugh score of 5–7; (iii) Eastern 
Cooperative Oncology Group performance status of 0 or 1; 
(iv) no history of systemic therapy; and (v) from September 
2004 to April 2019. Results: Median overall survival and me-
dian progression-free survival were 12.1 and 4.2 months, re-
spectively. Multivariate analysis showed >50% of relative tu-
mor volume in the liver (HR, 3.027; p = 0.008) and extrahe-
patic spread with (HR, 3.773; p = 0.040) as significant and 
independent factors of OS. The total overall response rate 
(ORR) was 19.6%; ORR in main tumor was 13.7%; and ORR in 
Vp4 was 51.0%. None of the patients who received HAIC 
combined with RT for advanced HCC with Vp4 developed 
hepatic failure. This combination therapy of HAIC with RT 
was safe and well tolerated in all cases. Conclusion: Combi-
nation therapies of HAIC and RT might be good therapy for 
advanced HCC with Vp4. © 2021 The Author(s).
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Introduction

Hepatocellular carcinoma (HCC) is a leading cause of 
cancer-related death worldwide, and the prognosis of un-
resectable HCC is extremely poor [1, 2]. HCC occurs fre-
quently in patients with chronic hepatitis or liver cirrho-
sis due to either hepatitis B or C viral infection, alcohol 
use, nonalcoholic steatohepatitis or diabetes [3]. The sur-
vival of patients with HCC has gradually improved fol-
lowing the development of new diagnostic techniques 
and advancements in therapeutic modalities, such as sur-
gical resection, radiofrequency ablation, percutaneous 
ethanol injection, transcatheter arterial chemoemboliza-
tion (TACE), radiation therapy (RT), hepatic arterial in-
fusion chemotherapy (HAIC) and multiple molecular 
targeted agents (MTAs) [3–19]. However, the prognosis 
of patients with advanced HCC, especially those with ad-
vanced portal vein tumor thrombosis (PVTT), remains 
poor [20].

The recently developed tyrosine kinase inhibitors 
(TKIs) such as sorafenib and lenvatinib have been ap-
proved as first-line systemic therapies for unresectable 
advanced HCC. In addition, regorafenib, ramucirumab, 
and cabozantinib have been confirmed to be effective as 
second-line systemic therapies for unresectable advanced 
HCC. These MTAs have been reported to improve the 
prognosis of advanced HCC.

However, HCC patients with massive PVTT often 
have portal hypertension, a risk of esophagogastric varix 
rupture and a poor prognosis due to liver dysfunction [3]. 
These unfavorable conditions often lead to the use of in-
sufficient doses of MTAs. In particular, patients with 
HCC with tumor thrombosis of the main trunk or bilobar 
of the portal vein (Vp4) have a very poor prognosis. In 
addition, HCC with Vp4 has often been an exclusion cri-
terion in previous pivotal trials; thus, the prognosis of 
these patients is unclear.

On the other hand, there are many reports that HAIC 
is an effective treatment for HCC with PVTT [8, 9, 21]. In 
retrospective cohort studies comparing HAIC and 
sorafenib, HAIC was the more effective treatment for 
HCC with PVTT [22, 23]. HAIC includes either an im-
plantable drug delivery system, which delivers repeated 
arterial infusions of the chemotherapeutic agents, or 
1-shot arterial infusion of cisplatin (CDDP) [24]. The 
phase 3 SILIUS trial was conducted as a prospective study 
comparing sorafenib plus HAIC using low-dose FP ver-
sus sorafenib alone in patients with advanced HCC [25]. 
That trial failed to demonstrate the efficacy of HAIC. 
However, a subgroup analysis in the SILIUS trial of pa-

tients with Vp4 showed that those treated with HAIC 
combined with sorafenib had a better prognosis com-
pared with those treated with sorafenib alone. It was sug-
gested that HAIC may provide a survival benefit for pa-
tients with advanced HCC with PVTT. Ikeda et al. [26] 
reported that sorafenib plus HAIC using CDDP resulted 
in a better prognosis compared with sorafenib alone. As 
that was a phase II trial, HAIC has yet to be established as 
a standard treatment for advanced HCC, but HAIC is 
considered an effective treatment for advanced HCC with 
PVTT.

Advances in 3D-CRT have enabled reliable irradiation 
of tumors with minimal radiation delivered to normal tis-
sues, resulting in an enhanced antitumor effect and re-
duced damage in normal tissues. This modality renders 
local irradiation of PVTT possible [7, 27]. In addition, 
there are some reports of a good response rate after com-
bination therapy of HAIC and RT in patients with ad-
vanced HCC and PVTT [3, 7, 27–29].

However, those reports involved advanced HCC with 
PVTT ranging from Vp1 to Vp4, with no studies con-
ducted on Vp4 cases alone; thus, there is no established 
treatment for advanced HCC with Vp4. Here, we ana-
lyzed the effectiveness and safety of HAIC combined with 
RT for advanced HCC with Vp4.

Materials and Methods

Patients
In this retrospective cohort study, HCC patients treated with 

HAIC and RT for PVTT who met the following criteria were en-
rolled: (i) presence of Vp4; (ii) Child-Pugh score of 5–7; (iii) ECOG 
PS of 0 or 1; (iv) no history of systemic therapy; and (v) from Sep-
tember 2004 to April 2019. This study was approved by the Insti-
tutional Review Board of Hiroshima University Hospital based on 
the ethical principles of the Declaration of Helsinki. Detailed writ-
ten informed consent was obtained from each patient for each 
treatment performed.

Therapeutic Protocol
Hepatic Arterial Infusion Chemotherapy
In this study, 2 HAIC regimens were used: continuous infusion 

based on the reservoir system (continuous HAIC) and transcath-
eter arterial infusion chemotherapy via bolus injection (single-
dose HAIC). In Japan, continuous HAIC combination of low-dose 
CDDP and intra-arterial 5-fluorouracil (5-FU) combined with in-
terferon and single-dose HAIC (1-shot intra-arterial infusion of 
CDDP) are commonly used as HAIC regimens, and their effective-
ness has been reported previously [19–25]. The duration of each 
course of continuous HAIC was 2 weeks. In the continuous HAIC 
regimen, 5-FU was administered at a dose of 330 mg/m2 per day 
on days 1–5 of weeks 1 and 2 using a mechanical infusion pump 
for 24 h. CDDP was injected intra-arterially at a dose of 20 mg/m2 
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per day on days 1–5. Interferon was given intramuscularly on days 
1, 3, and 5 of each week. There was a 2- to 4-week interval of no 
drug administration after each course of treatment. In the single-
dose HAIC regimen, patients were administered a CDDP dose of 
65 mg/m2 (maximum dose, 100 mg/m2) through a catheter into 
the whole liver at a rate of 2 mL/min. The dose was decreased by 
75% when the estimated glomerular filtration rate was <60 mg/
min/1.73 m2. When CDDP was infused to a part of the liver, the 
dose was adjusted roughly by the proportion of the tumor volume 
in the liver based on computed tomography (CT) images. To pre-
vent CDDP-induced renal dysfunction, adequate hydration was 
ensured before and after drug administration. This treatment was 
repeated at an interval of 4–6 weeks. In principle, HAIC was re-
peated several times during the treatment until we considered it 
impossible for patients to continue HAIC based on the following 
criteria: (i) a change in the ECOG PS to 3 or 4; (ii) adverse events 
of grade 4 according to the Common Technology Criteria for Ad-
verse Events (CTCAE) v4.0; or (iii) request of treatment termina-
tion by the patient.

Radiation Therapy
All patients received 3D-CRT concomitantly with the first 

course of HAIC. 3D-CRT consisted of high-energy photon beam 
irradiation using 18, 10, or 6 MV, delivered by a 3D conformal 
technique (CLINAC 2300 C/D or CLINAC iX linear accelerator; 
Varian Medical Systems Inc., Palo Alto, CA, USA) in the Division 
of Radiation Oncology at our hospital. Planned CT was used to 
determine the total tumor volume confined to the PVTT. The clin-
ical target volume was established as the gross tumor volume plus 
the intrahepatic tumor volume in the basal portion of the PVTT. 
The planning target volume comprised the clinical target volume 
plus a 10- to 20-mm margin in all directions to account for internal 
motion and setup errors. Four to 5 portal fields were used. Data 
regarding the outlined target volume, total liver tissue, and at-risk 
structures, including the spinal cord, both kidneys, and nearby in-
testinal tract targets, were transferred to the treatment planning 
system (Pinnacle 3; Philips Medical Systems, Eindhoven, The 
Netherlands) with reference to the diagnostic contrast-enhanced 
CT images. The irradiation dose was 30, 39, or 45 Gy, depending 
on the normal tissue volume and liver function; 95% of the plan-
ning target volume received at least 95% of the irradiation dose.

Assessment of Treatment Efficacy
The treatment response was assessed by contrast-enhanced CT 

at 4 weeks after completion of each treatment course and then ev-
ery 2–3 months. The response was defined according to the modi-
fied Response Evaluation Criteria in Solid Tumors (mRECIST) 
[30]. According to mRECIST, the therapeutic effect was judged by 
measuring the longest diameters and the degree of contrast of tu-
mor thrombosis.

Evaluation of Treatment-Related Adverse Events
The safety assessment included documentation of adverse drug 

reactions, clinical laboratory tests, physical examinations, and 
measurements of vital signs. Adverse drug reactions were defined 
according to the CTCAE v4.0 (http://ctep.cancer.gov/protocolD-
evelopment/electronic_applications/docs/ctcaev3.pdf) [31]. Radi-
ation-induced liver disease (RILD) is divided into “classic” and 
“non-classic” RILD. Classic RILD, which usually occurs between 2 
weeks and 3 months after treatment, involves anicteric hepato-

megaly and ascites, and elevation of the alkaline phosphatase level 
to at least 2-fold the upper limit of normal or the pretreatment 
value in the absence of tumor progression. Classic RILD can occur 
in patients with good liver function. Non-classic RILD, which usu-
ally occurs between 1 week and 3 months after treatment, involves 
elevation of the alkaline phosphatase level to >5-fold the upper 
limit of normal and CTCAE grade 4 in patients with a baseline 
value >5-fold the upper limit of normal within 3 months after com-
pletion of RT, or a decrease in liver function (defined by an in-
crease in the Child-Pugh score of >2 points), in the absence of clas-
sic RILD. The end point was described in patients with poor liver 
function.

Treatments after Combination Therapy of HAIC and RT
If the volume of intrahepatic tumor or PVTT decreased (i.e., 

downstaging) after determining the therapeutic effect, patients 
with good liver function and a PS of 0 or 1 received hepatic resec-
tion as conversion therapy. Patients who attained a partial re-
sponse (PR) subsequently received repeated HAIC. Patients with 
stable disease (SD) or progressive disease (PD) who had good liver 
function and a PS of 0 or 1 received TKIs or TACE. Patients with 
a complete response (CR) were observed during the clinical course 
periodically without additional therapy. The patient who discon-
tinued treatment was designated as dropout (DO), and there was 
only 1 patient.

Statistical Analysis
Statistical analysis was performed using the Mann-Whitney U 

test, logistic regression analysis, and χ2 test as appropriate. We 
evaluated OS and progression-free survival (PFS). The cumulative 
survival rate was calculated from the initial date of therapy. PFS 
was calculated from the date of PD confirmation. These parame-
ters were assessed using the Kaplan-Meier life table method, and 
differences in survival were evaluated by the log-rank test. Multi-
variate analysis of predictors of OS were assessed by Cox propor-
tional hazards regression. p < 0.05 was considered statistically 
significant. All analyses were performed using SPSS software.

Results

Patient Background Characteristics
Fifty-one patients were enrolled in this retrospective 

cohort study. The characteristics of the patients and the 
clinical data at the time of the initial treatment are sum-
marized in Table 1. The median age of the patients was 65 
years (range, 30–86 years), and 48 patients were male. 
Child-Pugh scores of 5, 6, and 7 were noted in 20 (39.2%), 
25 (49.0%), and 6 (11.8%) patients, respectively. Regard-
ing the etiology, 13 and 20 patients were positive for the 
HBs antigen and hepatitis C virus antibodies, respective-
ly. The relative tumor volume in the liver was <50% in 38 
(74.5%) patients. The median size of the liver tumors was 
70 mm (range, 25–170 mm). HCC with tumor thrombo-
sis of the main trunk or bilobar of the portal vein was 
present in 47 (92.2%) and in 27 (52.9%) patients, respec-
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Characteristic Median (range) 
or patients, n

Age, years 65 (30–86)
Sex (M/F) 48/3
Etiology (HBV/HCV/HBV + HCV/other) 13/20/2/16
Total bilirubin, mg/dL 0.9 (0.4–1.8)
Albumin, g/dL 3.8 (2.8–5.0)
Prothrombin consumption test, n (%) 82 (58–118)
Child-Pugh score (5/6/7) 20/25/6
Relative tumor volume in the liver (<50%/≥50%) 38/13
Liver tumor size, mm 70 (25–170)
Vv (0/1/2/3) 46/1/1/3
Intrahepatic PVTT (bilobar/unilobar) 27/24
Main portal trunk tumor thrombus (with/without) 47/4
Occupancy rate of main portal trunk (<50%/≥50%) 38/13
Extrahepatic spread (without/with) 46/5
HCC stage (III/IVa/IVb)a 11/36/4
AFP, ng/mL 227.9 (2.6–529,500)

AFP, alpha-fetoprotein; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, 
hepatitis C virus; Vv, venous invasion; PVTT, portal vein tumor thrombosis. a According 
to the Liver Cancer Group of Japan.

Table 1. Baseline characteristics of the 51 
study patients
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Fig. 1. Overall survival and PFS of all patients. a Overall survival of all patients. b PFS of all patients. PFS, progression-free survival.
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tively, with some of these patients having both. Five 
(9.8%) patients had extrahepatic metastases. The median 
AFP level was 227.9 ng/mL (range, 2.6–529,500 ng/mL).

OS and Factors Affecting OS
The median OS was 12.1 months in all patients 

(Fig. 1a). Univariate analyses identified a main tumor di-
ameter >70 mm (p = 0.049), relative tumor volume in the 
liver >50% (p < 0.001), and extrahepatic spread (p < 0.001) 
as significant factors predicting unfavorable OS. In the 
multivariate analysis, a relative tumor volume in the liver 
>50% (hazard ratio [HR], 3.027; 95% CI, 1.336–6.861;  
p = 0.008) and extrahepatic spread (HR, 3.773; 95% CI, 
1.006–13.360; p = 0.040) remained significant and inde-
pendent factors predicting poor OS (Fig. 2a, b; Table 2).

PFS and Factors Affecting PFS
The median PFS was 4.2 months (Fig. 1b). Univariate 

analyses identified a main tumor diameter >70 mm (p = 
0.009), relative tumor volume in the liver >50% (p = 
0.018), and extrahepatic spread (p = 0.018) as significant 

predictors of poor PFS. In the multivariate analysis, ex-
trahepatic spread (HR, 2.838; 95% CI, 0.957–8.416; p = 
0.060) remained a significant and independent factor pre-
dicting unfavorable PFS (Table 3).

Overall Response Rate to HAIC Combined with RT
Based on the mRECIST, the total overall response rate 

(ORR) was 19.6%. The ORRs of the main tumor and 
PVTT were 13.7 and 51.0%, respectively. The overall CR, 
PR, SD, and PD rates were 2.0, 17.6, 50.9, and 27.5%, re-
spectively (Table 4). The CR, PR, SD, and PD rates of the 
main tumor were 2.0, 11.7, 56.8, and 27.5%, respectively, 
and those of the PVTT were 2.0, 49.0, 29.4, and 17.6%, 
respectively.

OS According to the Treatment Response
OS according to the overall treatment response is 

shown in Figure 3a. The median OS of responders (i.e., 
those with a CR or PR), of the patients with SD and PD/
DO were 19.8, 14.6, and 4.2 months, respectively.
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Fig. 2. Comparison of overall survival according to the relative tumor volume in the liver and extrahepatic.  
a Comparison of overall survival according to the relative tumor volume in the liver (<50% vs. >50%). b Com-
parison of overall survival between patients with and those without extrahepatic spread.
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OS according to treatment response in the main tumor 
is shown in Figure 3b. The median OS of the responders 
was not reached and that of the patients with SD and PD/
DO were 14.6 and 4.2 months, respectively.

OS according to the treatment response in the PVTT 
is shown in Figure 3c. The median OS of the responders, 
patients with SD and PD/DO were 19.4, 14.6, and 4.2 
months, respectively. OS in all cases was stratified.

Evaluation of Treatment-Related Adverse Events
Treatment-related toxicities were observed in 44 

(86.3%) patients. The common adverse events were nau-
sea, anorexia, general fatigue, and fever most of which 
were CTCAE grade 1 or 2. The CTCAE grade 3 or 4 ad-
verse events observed were an increased alanine amino-

Table 2. Univariate and multivariate analyses of unfavorable factors predicting overall survival after HAIC and 
RT

Parameter Univariate analysis Multivariate analysis

p value HR 95% CI p value

Age (≥65/<65 years) 0.632
Child-Pugh score (7/5–6) 0.243
Diameter of main tumor (≥70/< 70 mm) 0.049
Relative tumor volume in the liver (≥50%/<50%) <0.001 3.027 1.336–6.861 0.008
Intrahepatic PVTT (bilobar/unilobar) 0.221
Main portal trunk tumor thrombus (with/without) 0.378
Occupancy rate of main portal trunk (≥50%/<50%) 0.205
Extrahepatic spread (with/without) <0.001 3.773 1.006–13.360 0.040
AFP (≥300/<300 ng/mL) 0.305

HAIC, hepatic arterial infusion chemotherapy; RT, radiation therapy; PVTT, portal vein tumor thrombus; 
AFP, alpha-fetoprotein. According to the Liver Cancer Group of Japan.

Table 3. Univariate and multivariate analyses of unfavorable factors predicting PFS after HAIC and RT

Parameter Univariate analysis Multivariate analysis

p value HR 95% CI p value

Age (≥65/<65 years) 0.278
Child-Pugh score (7/5–6) 0.341
Diameter of main tumor (≥70/<70 mm) 0.009 1.982 1.026–3.827 0.042
Relative tumor volume in the liver (≥50%/<50%) 0.018
Intrahepatic PVTT (bilobar/unilobar) 0.343
Main portal trunk tumor thrombus (with/without) 0.760
Occupancy rate of main portal trunk (≥50%/<50%) 0.295
Extrahepatic spread (with/without) 0.018 2.838 0.957–8.416 0.060
AFP (≥300/<300 ng/mL) 0.326

PFS, progression-free survival; HAIC, hepatic arterial infusion chemotherapy; RT, radiation therapy; PVTT, 
portal vein tumor thrombus; AFP, alpha-fetoprotein. According to the Liver Cancer Group of Japan.

Table 4. Objective response rate to combination HAIC and RT

Total 
(n = 51)

Main tumor 
(n = 51)

PVTT 
(n = 51)

CR, % (n) 2.0 (1) 2.0 (1) 2.0 (1)
PR, % (n) 17.6 (9) 11.7 (6) 49.0 (25)
SD, % (n) 50.9 (26) 56.8 (29) 29.4 (15)
PD, % (n) 27.5 (14) 27.5 (14) 17.6 (9)
DO, % (n) 2.0 (1) 2.0 (1) 2.0 (1)
ORR, % 19.6 13.7 51.0
DCR, % 70.5 70.5 80.4

mRECIST, modified Response Evaluation Criteria in Solid 
Tumors; CR, complete response; PR, partial response; SD, stable 
disease; PD, progressive disease; DO, dropout; ORR, objective 
response rate; DCR, disease control rate.
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Fig. 3. Comparison of overall survival between patients with assessment of treatment efficacy in main tumor and 
PVTT. a Comparison of overall survival among patients with a CR/PR, SD, and PD/DO in both the main tumor 
and PVTT. b Comparison of overall survival among patients with a CR/PR, SD, and PD/DO in the main tumor. 
c Comparison of overall survival among patients with a CR/PR, SD and PD/DO in the PVTT. PVTT, portal vein 
tumor thrombosis; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; DO, 
dropout.
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transferase/aspartate aminotransferase level (n = 8, 
15.6%), increased Cr level (n = 3, 5.9%), vasculitis (n = 2, 
3.9%), and hepatic encephalopathy (n = 1, 1.9%) (Ta-
ble 5). Among the patients treated with the 5-FU-based 
regimen, port infection occurred in 4 patients, 2 of whom 
discontinued the regimen. None of the patients who re-
ceived HAIC and RT for advanced HCC with Vp4 devel-
oped hepatic failure that met the criteria for classic or 
non-classic RILD.

Treatments after Combination HAIC and RT
Six (11.8%) patients were downstaged after combina-

tion therapy of HAIC and RT and received hepatic resec-
tion as conversion therapy. Eleven (21.6%) patients were 
treated with TACE. Twelve (23.5%) patients were treated 
with the TKIs sorafenib (n = 8) and lenvatinib (n = 4).

Discussion

In this study, we analyzed the efficacy and clinical out-
comes of combination HAIC and RT for advanced HCC 
with Vp4. The median OS and PFS of the study patients 
were 12.1 and 4.2 months, respectively. The total ORR 
was 19.6%, but the ORR of the PVTT was 51.0%. The 
combination of HAIC and RT for HCC with Vp4 yielded 
a favorable OS, and the resulting adverse events were rel-
atively well tolerated.

Recently, it was reported that atezolizumab and beva-
cizumab combination therapy results in significantly bet-
ter prognosis than does sorafenib in HCC patients. The 
criteria for clinical trials of atezolizumab and bevacizu
mab includes the patients with advanced HCC with Vp4, 
but no subgroup analysis has been done [32]. Therefore, 
it is necessary to wait for future analysis and consider the 
position of a treatment method that combines atezoli-
zumab and bevacizumab for HAIC for patients with ad-
vanced HCC with Vp4. A subgroup analysis in the SILI-
US trial of patients with Vp4 showed that those treated 
with HAIC combined with sorafenib had a better prog-
nosis compared with those treated with sorafenib alone. 
Therefore, similarly, it is expected that the combined use 
of atezolizumab and bevacizumab in HAIC may further 
improve the overall survival.

There are many reports that HAIC is an effective treat-
ment for advanced HCC with PVTT. Some retrospective 
studies that compared sorafenib with HAIC for advanced 
HCC with PVTT showed a better OS after HAIC than af-
ter sorafenib [22, 23, 29]. The presence or absence of MVI 
was not identified as a prognostic factor in HAIC-treated 
patients with advanced HCC in those reports.

The SILIUS trial was conducted as a prospective study 
of HAIC for patients with advanced HCC, comparing 
sorafenib plus HAIC using low-dose FP versus sorafenib 
alone. There was no difference in prognosis between the 
2 treatment arms overall. However, a subgroup analysis 
of patients with advanced HCC with Vp4 showed that 
sorafenib plus HAIC resulted in a better prognosis (me-
dian OS = 11.4 months) compared with sorafenib alone 
(median OS = 6.5 months) [25]. Ikeda et al. [26] com-
pared sorafenib plus HAIC using CDDP versus sorafenib 
alone for advanced HCC patients with PVTT ranging 
from Vp1 to Vp4, of whom 17 and 40 were randomly as-
signed to the 2 treatment arms, respectively. The progno-
sis was better in the sorafenib plus HAIC group (median 
OS = 10.6 months) than in the sorafenib alone group (me-
dian OS = 8.7 months). This is a phase II trial, so it is hard 
to say that HAIC has been established as a standard treat-
ment for advanced HCC. However, HAIC might be con-
sidered an effective treatment for advanced HCC with 
PVTT. There are 2 HAIC regimens, both of which showed 
better results compared with sorafenib in previous trials 
comparing HAIC with sorafenib.

In addition, recently, the results of 2 randomized con-
trolled trials have been published from China and Korea. 
The first trial was a phase III trial of sorafenib plus HAIC 
with FOLFOX versus sorafenib for patients with ad-
vanced HCC with PVTT. The overall survival and PFS 

Table 5. Treatment-emergent adverse events of HAIC and RT

Any grade, 
% (n)

Grade 3 or 
higher, % (n)

Appetite loss 21.6 (11) 11.8 (6)
General fatigue 19.6 (10) 9.8 (5)
Aspartate aminotransferase increased 11.8 (6) 7.8 (4)
Alanine aminotransferase increased 11.8 (6) 7.8 (4)
Reservoir infection 7.8 (4) 3.9 (2)
Fever 7.8 (4) 0
Anemia 5.9 (3) 0
Cr increased 5.9 (3) 5.9 (3)
Neutropenia 3.9 (2) 0
Thrombocytopenia 3.9 (2) 0
Diarrhea 3.9 (2) 1.9 (1)
Vasculitis 3.9 (2) 3.9 (2)
Epigastralgia 3.9 (2) 3.9 (2)
Hepatic encephalopathy 1.9 (1) 1.9 (1)

HAIC, hepatic arterial infusion chemotherapy; RT, radiation 
therapy.
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were significantly longer in sorafenib plus HAIC with 
FOLFOX than in sorafenib alone [33]. The other trial was 
a randomized controlled trial of sorafenib versus HAIC 
with 5-FU plus CDDP for patients with advanced HCC 
with Vp 3 or 4. The overall survival and time to progres-
sion were significantly longer in HAIC with 5-FU plus 
CDDP than in sorafenib alone [34]. As a result, HAIC has 
become to attract attention again.

Recent advances in RT technology have established its 
efficacy and safety. Favorable results of combination 
HAIC and RT for advanced HCC with MVI have been 
reported. In those reports, the median OS and ORR of 
patients with PVTT were 8.6–13.1 months and 45–56%, 
respectively [7, 28, 29, 35]. RT appeared to have reduced 
the PVTT volume, increased blood flow to the liver pa-
renchyma, improved the hepatic functional reserve, and 
decreased portal hypertension-related events. Therefore, 
we consider that the addition of RT to HAIC for HCC 
patients with PVTT is useful. However, it remains unclear 
regarding the OS, PFS, response rate, and safety of the 
combination therapy of HAIC and RT in HCC patients 
with Vp4 in previous reports. However, those reports in-
volved advanced HCC with PVTT ranging from Vp1 to 
Vp4, with no studies conducted on Vp4 cases alone; thus, 
there is no established treatment for advanced HCC with 
Vp4. Although, the effectiveness of additional radiother-
apy remained to be clarified, in a 2015 paper, Fujino et al. 
[28] reported the objective response of PVTT was signif-
icantly higher in the RT group (56.1%) than in the non-
RT group (33.3%), while that of intrahepatic tumor and 
OS were not significantly different between groups. Me-
dian OS, time-to-treatment failure, and post-progression 
survival were significantly longer in the RT group than in 
the non-RT group (8.6 and 5.0 months, 5.0 and 2.7 
months, and 5.3 and 1.5 months, respectively) among in-
trahepatic tumor nonresponders to HAIC. By multivari-
ate analysis, the combination of 3D-CRT with HAIC was 
an independent contributing factor for OS (HR, 3.2; 95% 
confidence interval, 1.692–6.021; p < 0.001) among intra-
hepatic HCC nonresponders to HAIC. Therefore, we 
think that additional therapy of TACE or TKI can be con-
tinued as a result of the increased blood flow in the liver 
parenchyma and retention of hepatic functional reserve 
achieved by RT among intrahepatic HCC nonresponders 
to HAIC [28].

The subject in this study was limited to HCC patients 
with Vp4 cases. The ORR of patients with PVTT was 
51.0%, and the median OS of the responders was 19.4 
months. Our results were better than those of previous 
studies. As a retrospective single-arm study with a small 

sample size, there were some limitations. The HAIC reg-
imen contains a variety of drugs and the irradiation dose 
was around 30 or 45 Gy. We think that it is necessary to 
increase the number of cases and analyze the difference 
depending on the regimen of HAIC and RT. However, 
the combination therapy of HAIC and RT was well toler-
ated and did not develop RILD in all cases. We believe 
that the combination therapy of HAIC and RT for HCC 
patients with Vp4 may be a new therapy for future analy-
sis, and our results warrant further studies.
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