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Abstract. The prognosis of hepatocellular carcinoma
(HCC) patients exhibiting macroscopic vascular invasion
(MVI) is poor, and the most appropriate treatment approach
remains unclear. The current study aimed to investigate the
efficacy and safety of sorafenib treatment following chemoradiotherapy for advanced HCC exhibiting MVI. A newly
reported regimen, including 5‑fluorouracil and cisplatin
therapy (NewFP), plus three‑dimensional conformal radiotherapy (3D‑CRT) for MVI was used as the initial treatment.
Additionally, sorafenib, as a secondary treatment, was administered after NewFP plus 3D‑CRT for MVI. The present

Correspondence to: Dr Takako Nomura, Department of
Gastroenterology and Neurology, Faculty of Medicine, Kagawa
University, 1750‑1 Ikenobe, Kita‑gun, Kagawa 761‑0793, Japan
E‑mail: takako‑n@med.kagawa‑u.ac.jp

Abbreviations: HCC, hepatocellular carcinoma; MVI, macroscopic
vascular invasion; FU, fluorouracil; 3D‑CRT, three‑dimensional
conformal radiotherapy; MST, median survival time; PVTT, portal
vein tumor thrombosis; IVCTT, inferior vena cava tumor thrombosis;
RT, radiotherapy; TACE, transarterial chemoembolization; HAIC,
hepatic arterial infusion chemotherapy; RFA, radiofrequency
ablation
Key words: hepatocellular carcinoma, major vascular invasion,
sorafenib, hepatic arterial injection chemotherapy, three‑dimensional
conformal radiotherapy

retrospective study enrolled patients with unresectable
advanced HCC that was treated with NewFP plus 3D‑CRT
for MVI between January 2009 and December 2017. In
total, 32 HCC patients with MVI were registered. Of these
32 patients, 18 were treated with NewFP plus 3D‑CRT for
MVI (NewFP + 3D‑CRT group) and 14 were treated with
sorafenib following NewFP plus 3D‑CRT for MVI (sorafenib
after NewFP + 3D‑CRT group). The study endpoints were
overall survival, overall response rate and disease control
rate. Clinical factors influencing overall survival were identified using univariate and multivariate analyses. The median
survival time in the NewFP + 3D‑CRT group and sorafenib
following NewFP + 3D‑CRT group was 6.7 and 49.2 months,
respectively (P= 0.0003). For patients with advanced HCC
exhibiting MVI, the initial treatment with NewFP plus
3D‑CRT for MVI was well tolerated. The administration of
sorafenib as the secondary treatment following NewFP plus
3D‑CRT for MVI was associated with a significantly higher
overall response rate, disease control rate and increased
overall survival as compared with the NewFP plus 3D‑CRT
treatment.
Introduction
Hepatocellular carcinoma (HCC) is the most common type
of liver cancer, and is the third leading cause of cancer
deaths worldwide, causing nearly 745,000 deaths each
year (1). HCC tends to invade vessels as it progresses and
is often associated with macroscopic vascular invasion
(MVI). Recent studies found that MVI including portal
vein tumor thrombosis (PVTT) and inferior vena cava
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tumor thrombosis (IVCTT) were found in 12.5 to 39.7%
of cases at the time of diagnosis, respectively (2,3). The
prognosis of HCC patients showing MVI is extremely poor,
and the median survival time (MST) of these patients has
been reported to be 2‑3 months (2,4). Sorafenib is the only
evidence‑based treatment option for patients classified to
be at an Advanced stage (C) in the Barcelona Clinic Liver
Cancer Staging System (BCLC) (5‑7). However, in a pooled
analysis of 2 pivotal phase 3 trials, sorafenib prolonged the
median survival of these patients by only 47 days compared
with placebo (7‑9).
Prognosis improvement of advanced HCC is obtained
by combined modality therapy according to liver residual
function and progress (10,11). With recent technological
advances, external beam radiotherapy (RT) could be
considered an alternative treatment option for patients
with HCC (12). Regarding the role of RT, the effectiveness
of three‑dimensional conformal radiotherapy (3D‑CRT)
has been recognized for treating PVTT/IVCTT (13). RT is
a better initial therapy option than sorafenib for patients
who have advanced unresectable HCC with PVTT (14). A
combined treatment consisting of transarterial chemoembolization (TACE) and RT has shown promising radiologic
response rates and improved overall survival of HCC with
MVI in observational studies (15,16).
Hepatic arterial infusion chemotherapy (HAIC) is used
more commonly than systemic chemotherapy, although no
survival advantage has been demonstrated. Randomized
controlled studies are currently underway to clarify the
survival benefit of HAIC. Moreover, various novel systemic
chemotherapeutic agents are currently under development in
Japan, and further improvements in the treatment outcomes are
expected (17). High efficacy and safety of a new combination
therapy comprising of cisplatin‑lipiodol suspension and 5‑FU
for HCC with PVTT, referred to as NewFP, has been reported;
a high response rate at 86.3% and a MST of 33 months has
been reported with this therapy regimen (18). In patients with
advanced HCC and major PVTT, survival was significantly
longer in those treated with HAIC combined with RT than it
was with sorafenib (19).
This study aimed to investigate the efficacy and safety of
NewFP plus 3D‑CRT for MVI as the initial treatment and
additionally that of sorafenib as the secondary treatment in
patients with advanced HCC showing MVI.
Patients and methods
Patients. This retrospective study enrolled patients from our
institute with unresectable advanced HCC who were treated
with NewFP plus 3D‑CRT for MVI between January 2009
and December 2017. In total, 32 HCC patients with MVI were
registered retrospectively. Of these patients, 18 were treated
with NewFP plus 3D‑CRT for MVI and 14 were treated with
sorafenib after NewFP plus 3D‑CRT for MVI.
The diagnosis of HCC was made on the basis of the
American Association for the Study of Liver Disease
(AASLD) guidelines (6). Inclusion criteria were as follows:
(i) HCC with PVTT in the first portal branch (Vp3) or in
the main portal trunk or contralateral portal branch (Vp4);
(ii) HCC with invasion to right or middle or left hepatic

vein (Vv2) or IVCTT (Vv3); (iii) removal of all detected
tumors is impossible with a sufficient hepatic functional
reserve even if thrombectomy using the peel‑off technique is
considered (20); (iv) Child‑Pugh score of 5‑8; (v) an Eastern
Cooperative Oncology Group (ECOG) performance status
(PS) of 0‑2 (21); and (vi) no history of radiotherapy to the
liver or of sorafenib treatment.
After estimating the response to the initial treatment with
NewFP plus 3D‑CRT for MVI, sorafenib was given to patients
who were not able to undergo curative therapies such as hepatectomy and radiofrequency ablation (RFA) as a secondary
treatment.
This study was conducted in accordance with the 1975
Declaration of Helsinki after receiving approval from the
institutional review board of the Kagawa University, Kagawa,
Japan (approval no. Heisei29‑192). The requirement for
informed consent from the participants was waived because of
the retrospective nature of the study.
Implantation of arterial catheter. An indwelling catheter (5‑Fr
W and G spiral Catheter; Piolax, Tokyo, Japan) was inserted
through the femoral artery, with the distal end extended into
the hepatic or gastroduodenal artery with the proximal end
connected to the port system (P‑U CELSITE PORT; TORAY,
Tokyo, Japan), which was implanted subcutaneously. The right
gastric, gastroduodenal, and posterior superior pancreaticoduodenal arteries were occluded with microcoils to prevent
gastroduodenal ulcers caused by anticancer agents.
Chemotherapy. HAIC involved cisplatin (50 mg fine powder
in 5‑10 ml lipiodol) and a continuous infusion of 5‑FU
(1,500 mg/5 days), referred to as NewFP. On day 1 of treatment, cisplatin with lipiodol was injected through the reservoir
catheter, followed by 5‑FU (250 mg). Following this, 5‑FU
(1,250 mg) was continuously infused for 5 days using a balloon
pump (SUREFUSER PUMP, Nipro Pharma Corporation,
Osaka, Japan). This regimen was administered once per
week during the first 2 weeks of admission. Subsequently,
a combination of 20‑30 mg cisplatin with 2‑6 ml lipiodol
and 500‑1,000 mg 5‑FU was infused every 2 weeks at the
out‑patient department for as long as possible (18). Treatment
was discontinued in cases of occurrence of grade 3 or higher
adverse effects according to the ECOG classification, with
the exception of total bilirubin >3.0 mg/dl, platelet count
<5x104/µl, and leukocyte count <1,500/µl.
Radiotherapy. Planning computed tomography (CT) scans
were obtained under free‑breathing conditions using
scans with a scan time of 3 sec per section. All patients
underwent 3D‑CRT, planned using a radiation treatment
planning system. The gross tumor volume (GTV) consisted
of the PVTT or IVCTT. A clinical target volume (CTV) was
defined as the GTV with or without the main tumor. If the
main tumor existed close to the GTV, the main tumor was
included in the CTV when possible. The planning target
volume (PTV) consisted of the CTV plus 8‑10 mm margins.
In principle, a prescribed dose at an isocenter was 50 Gy in
25 fractions with 2 Gy per fraction once daily using 6‑10 MV
photon beams delivered by a linear accelerator. 3D‑CRT was
started with the first cycle of HAIC.
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Sorafenib treatment. Eligibility criteria for treatment with
sorafenib were as follows: (i) unresectable advanced HCC;
(ii) no effect of TACE; (iii) no previous sorafenib treatment
for the liver tumor; (iv) Child‑Pugh class A or B (up to a
score of 7 points) hepatic function; (v) an ECOG performance
status of 0‑2 (21); and (vi) the following laboratory findings:
Leukocyte count >1,500/µl, platelet count >7.5x10 4/µl, and
serum hemoglobin level >8.5 g/dl. Sorafenib was administered
orally as a 400‑800 mg dose daily per the discretion of the
chief physician. Dose reductions and treatment interruptions
were allowed according to drug‑related toxicity grades, as
recommended.
Assessment of tumor response. To determine the therapeutic effect, baseline tumor measurements were obtained
within 1 month before treatment by combining the largest
diameters of selected target lesions in each patient, as
measured using CT or MRI. CT or MRI was performed
4‑6 weeks after the initial treatment cycle and every
2‑3 months thereafter. The therapeutic effect was determined according to the best overall response, which was
defined by the Modified RECIST (mRECIST) criteria (22).
This was as follows: Complete response (CR), the disappearance of any intratumoral arterial enhancement in all
target lesions; partial response (PR), at least a 30% decrease
in the sum of diameters of viable (contrast enhancement in
the arterial phase) target lesions, taking as reference the
baseline sum of the diameters of target lesions; progressive disease (PD), an increase of at least 20% in the sum of
the diameters of viable (enhancing) target lesions, taking
as reference the smallest sum of the diameters of viable
(enhancing) target lesions recorded since treatment initiation; and stable disease (SD), any case that does not qualify
for either PR or PD. Patients who died before their first
radiographic assessment were classified as having PD. Data
from patients who died without tumor progression were
censored. The response rate was defined on the basis of the
independent radiologic review as the percentage of patients
whose best‑response mRECIST rating of CR or PR was
maintained for at least 1 month after the first demonstration
of such a rating. The disease‑control rate was defined on the
basis of independent radiologic review as the percentage of
patients whose best‑response mRECIST rating of CR, PR,
or SD was maintained for at least 1 month after the first
demonstration of such a rating.
Statistical analysis. All statistical analyses were performed
using JMP software (SAS Institute, Inc., Cary, NC, USA),
version 13. Baseline patient characteristics were analyzed
using the Chi‑square test, the Welch's t test, or Fisher's exact
probability test. Overall survival rates and progression‑free
survival (PFS) were calculated using the Kaplan‑Meier
method and compared using the log‑rank test. Changes in
hepatic function using Child‑Pugh scores before and after
3D‑CRT were analyzed using the Wilcoxon signed‑rank test.
The Cox proportional‑hazards model was used to evaluate
the interaction between baseline characteristics and overall
survival or therapeutic effect. All P values were two‑tailed,
and values less than 0.05 were considered statistically
significant.
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Results
Patient characteristics. Of the 32 HCC patients, 18 were
treated with NewFP plus 3D‑CRT for MVI (NewFP+3D‑CRT
group) and 14 were treated with sorafenib after NewFP plus
3D‑CRT for MVI (sorafenib after NewFP+3D‑CRT group).
Comparisons of the clinical features between the two groups
are shown in Table I. There were no significant differences in
the baseline characteristics between groups.
The NewFP+3D‑CRT group (n=18) included 15 men
(83.3%) and 3 women (16.7%), with a mean age of 68 years
(Table I). Chronic hepatitis C virus infection was the
predominant cause of HCC (n=7; 38.9%), followed by chronic
hepatitis B virus infection (n=6; 33.3%). Of the 18 patients,
7 patients (38.8%) had Child‑Pugh class A hepatic function
and 11 patients (61.1%) had Child‑Pugh class B hepatic function. The median maximum tumor diameter was 190 mm.
HCC showed portal vein invasion, with 4 patients (22.2%)
presenting with Vp4 and 14 patients (77.8%) with Vp3 type
of invasion. Four patients (22.2%) had extrahepatic spread
(EHS).
The sorafenib after NewFP+3D‑CRT group (n=14) included
14 men (100%), with a mean age of 68.5 years (Table I). Chronic
hepatitis C virus infection was the predominant cause of HCC
(n=9; 64.3%), followed by chronic hepatitis B virus infection (n=2; 14.3%). Of the 14 patients, 9 patients (64.2%) had
Child‑Pugh class A hepatic function and 5 patients (35.7%) had
Child‑Pugh class B hepatic function. The median maximum
tumor diameter was 137 mm. HCC showed portal vein invasion, with 3 patients (21.4%) having Vp4 and 7 patients (50%)
having Vp3. Two patients (14.3%) had EHS.
Overall response and efficacy. Table II shows the results at
the first radiologic assessment according to the mRECIST. Of
the 32 patients treated with NewFP plus 3D‑CRT for MVI,
3 (9.4%), 16 (50%), and 7 (21.9%) patients had CR, PR, and
SD, respectively. The overall response rate was 59.4%, and the
disease control rate was 81.3%.
Cumulative overall survival curves of patients treated with
NewFP plus 3D‑CRT for MVI or sorafenib after NewFP plus
3D‑CRT for MVI are shown in Fig. 1. The MST was 6.7 months
for patients treated with NewFP plus 3D‑CRT for MVI and
49.2 months for those treated with sorafenib after NewFP plus
3D‑CRT for MVI (P= 0.0003). The PFS in patients showing
MVI who were treated either with NewFP plus 3D‑CRT or
with sorafenib after NewFP plus 3D‑CRT are shown in Fig. 2.
The median PFS was 4.3 and 6.8 months for patients treated
either with NewFP plus 3D‑CRT for MVI or those treated with
sorafenib after NewFP plus 3D‑CRT, respectively (P=0.0219).
Sorafenib, administered as the secondary treatment after
NewFP plus 3D‑CRT for MVI was associated with a significantly higher overall response rate, disease control rate, and
longer overall survival in HCC patients showing MVI.
Factors associated with survival outcomes. The significant
prognostic factors for overall survival, according to
univariate analysis, were response to initial treatment
with NewFP plus 3D‑CRT (PR or CR, P= 0.0479) and the
number of tumors (<4, P= 0.0260). Multivariate analysis
confirmed that initial treatment with NewFP plus 3D‑CRT
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Table I. Patient characteristics (n=32). Baseline patient characteristics were analyzed using the chi‑square test, Welch's t test, or
Fisher's exact probability test.
Variables

NewFP+3D‑CRT (n=18)

Sorafenib after NewFP+3D‑CRT (n=14)

Age, median (range)
68 (37‑83)
68.5 (53‑80)
Sex, n (%)			
Male
15 (83.3)
14 (100)
Female
3 (16.7)
0 (0)
HBs antigen, n (%)			
Present
6 (33.3)
2 (14.3)
Absent
12 (66.7)
12 (85.7)
HCV antibody, n (%)			
Present
7 (38.9)
9 (64.3)
Absent
11 (61.1)
5 (35.7)
Child‑Pugh score, n (%)			
5
1 (5.6)
1 (7.1)
6
6 (33.3)
8 (57.1)
7
7 (38.9)
5 (35.7)
8
4 (22.2)
0 (0)
Tumor size, maximum, median (mm)
190, 66
137, 50
Number of tumors, n (%)			
<4
7 (38.9)
4 (28.6)
≥4
11 (61.1)
10 (71.4)
Tumor extent, n (%)			
Unilobar involvement
12 (66.7)
8 (57.1)
Bilobar involvement
6 (33.3)
6 (42.9)
AFP (ng/ml), n (%)			
<1,000
5 (27.8)
8 (57.1)
≥1,000
13 (72.2)
6 (42.9)
DCP median (mAU/ml), n (%)			
<1,000
5 (27.8)
6 (42.9)
≥1,000
13 (72.2)
8 (57.1)
Grade of portal vein invasion, n (%)			
Vp4
4 (22.2)
3 (21.4)
Vp3
14 (77.8)
7 (50)
Hepatic vein invasion, n (%)			
Present
2 (11.1)
4 (28.6)
Absent
16 (88.9)
10 (71.4)
Extra‑hepatic spread			
Present
4 (22.2)
2 (14.3)
Absent
14 (77.8)
12 (85.7)

P‑value
0.9130
0.2379
0.2302
0.1641
0.0590

0.1587
0.7120
0.7178
0.0993
0.3893
0.6744
0.1103
0.5828

NewFP, new 5‑fluorouracil and cisplatin therapy; HBs, hepatitis B surface; HCV, hepatitis C virus; AFP, a‑fetoprotein; DCP, des‑g‑carboxy
prothrombin; 3D‑CRT, three‑dimensional conformal radiotherapy.

(PR or CR, hazard ratio, 0.2264; 95% confidence interval,
0.0737‑0.6320; P= 0.0060) was an independent factor for
overall survival (Table III).
Safety and adverse events. Changes in hepatic function using
Child‑Pugh scores before and after 3D‑CRT are shown in
Fig. 3. In surviving cases, no significant hepatic function
decline was seen after 3D‑CRT. On the other hand, Child‑Pugh

scores decreased after 3D‑CRT; hepatic function improved in
several patients.
Serious adverse events such as gastrointestinal bleeding
due to radiation gastritis were observed in 3 patients, 1 in
the NewFP+3D‑CRT group and 2 in the sorafenib after
NewFP+3D‑CRT group. In all 3 cases, healing occurred
using argon plasma coagulation delivered via endoscopy.
Treatment‑related mortality was not observed in the two groups.
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Table II. Therapeutic effects in all patients (n=32).
Therapeutic effects
CR
PR
SD
PD
ORR (CR+PR), n (%)
DCR (CR+PR+SD), n (%)

NewFP+3D‑CRT (n=32)
3
16
7
6
19 (59.4)
26 (81.3)

NewFP, new 5‑fluorouracil and cisplatin therapy; 3D‑CRT,
three‑dimensional conformal radiotherapy; CR, complete response;
PR, partial response; SD, stable disease; PD, progressive disease;
ORR, overall response rate; DCR, disease control rate.
Figure 2. Kaplan‑Meier analysis of PFS in patients treated with NewFP plus
3D‑CRT for MVI (solid line; n=18) and those treated with sorafenib after
NewFP plus 3D‑CRT for MVI (dotted line; n=14). The median PFS were
4.3 and 6.8 months, respectively. The PFS rates were compared using the
log‑rank test. PFS, progression‑free survival; NewFP, new 5‑fluorouracil and
cisplatin therapy; 3D‑CRT, three‑dimensional conformal radiotherapy; MVI,
macroscopic vascular invasion.

Figure 1. Kaplan‑Meier analysis of overall survival in patients treated with
NewFP plus 3D‑CRT for MVI (solid line; n=18) and those treated with
sorafenib after NewFP plus 3D‑CRT for MVI (dotted line; n=14). The median
survival times were 6.7 and 49.2 months, respectively. The overall survival
rates were compared using the log‑rank test. NewFP, new 5‑fluorouracil and
cisplatin therapy; 3D‑CRT, three‑dimensional conformal radiotherapy; MVI,
macroscopic vascular invasion.

Discussion
In the present study, for patients with advanced HCC
showing MVI, sorafenib after NewFP plus 3D‑CRT for MVI
was associated with a significantly higher overall response
and disease control rate relative to sorafenib monotherapy.
Furthermore, patients administered sorafenib after NewFP
plus 3D‑CRT for MVI had a good prognosis, with an MST
of 49.2 months.
MVI is a prognostic factor for lower overall survival among
HCC patients. PVTT causes portal hypertension‑related
complications such as varix or ascites, and is associated with
exacerbating factors such as a larger tumor size, higher tumor
grade, and alpha‑fetoprotein elevation (23). Because blood
from the inferior vena cava flows into the pulmonary vessels,
lung metastasis and pulmonary embolism would be expected
to be frequent in patients with IVCTT. If the MVI cannot be
reduced, it may lead to a decrease in the portal vein blood
flow; this may result in a further decline in hepatic function,

increasing the risk of sudden death. Therefore, quick reduction
of MVI is important to facilitate subsequent treatment.
Sorafenib is recommended by BCLC guidelines as
the first‑line therapy for advanced HCC, but its efficacy is
limited (24). In the SHARP trial, the MST of patients with
HCC showing MVI who were treated with sorafenib was
8.1 months; the incidence of objective responses was low (7).
Several studies have reported various combination strategies
for HCC showing MVI (25). In a randomized clinical trial
for advanced HCC showing MVI, initial treatment with
TACE plus RT was well tolerated and conferred an improved
progression‑free survival, objective response rate, time to
progression, and overall survival, compared with sorafenib
treatment (26). On the other hand, HAIC combined with
RT was associated with a longer MST for HCC with PVTT
compared with sorafenib (19). In the present study, immediate
therapeutic response was obtained by using NewFP (associated
with a high response rate) plus 3D‑CRT (associated with a
high local control rate) for MVI.
Although regorafenib and lenvatinib can currently be
administered as alternatives to sorafenib as molecular target
drugs for HCC patients showing MVI, they are limited to
Child‑Pugh class A hepatic function (27‑29). When sorafenib
was withdrawn, the introduction of secondary treatments was
difficult, due to a decline in hepatic functional reserve, fatigue,
and a decline in PS; as recorded in previous reports (30). In the
present study, HCC patients showing MVI of Child‑Pugh class
B hepatic function were safely able to undergo NewFP plus
3D‑CRT for MVI as the initial treatment. In addition, several
patients in whom hepatic function improved after the initial
treatment from Child‑Pugh class B to A, were able to receive
sorafenib. Furthermore, in the multivariate analysis, initial
treatment was extracted as a significant factor associated
with overall survival. As the initial treatment, NewFP plus
3D‑CRT for MVI was well tolerated and provided a chance
for secondary treatment. On the other hand, we compared
our study to a previous open label, non‑comparative, phase II
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Table III. Factors associated with overall survival. The Cox proportional hazards model was used to evaluate the interaction
between baseline characteristics and overall survival or therapeutic effect. Two‑tailed values of P<0.05 were considered to
indicate a statistically significant result.
Univariate analysis
Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑
Variables
P‑value
HR (95% CI)
P‑value
Age (<75/75≤ years)
Child‑Pugh (A/B)
AFP (<1,000/1,000≤ ng/ml)
DCP (<1,000/1,000≤ mAU/ml)
Tumor number (<4/4≤)
Tumor localization (unilobar/bilobar)
Vv2‑3 (absent/present)
Vp3‑4 (absent/present)
TACE‑refractory (abscent/present)
Treatment response to NewFP+3D‑CRT (PR+CR/SD+PD)

0.3617		
0.1069		
0.3891		
0.6205		
0.0260a
0.9731 (0.2995‑3.0632)
0.3699		
0.1536		
0.1536		
0.5228		
0.0479a
0.2264 (0.0737‑0.6320)

0.9628

0.0060b

Analyzed using univariate analysis; banalyzed using multivariate analysis. AFP, alpha‑fetoprotein; DCP, des‑gamma‑carboxy prothrombin;
NewFP, new 5‑fluorouracil and cisplatin therapy; 3D‑CRT, three‑dimensional conformal radiotherapy; CR, complete response; PR, partial
response; SD, stable disease; PD, progressive disease; HR, hazard ratio; CI, confidence interval.
a

Figure 3. Changes in hepatic function using Child‑Pugh scores before and
after 3D‑CRT. In surviving cases, no significant hepatic functional decline
was observed after 3D‑CRT. 3D‑CRT, three‑dimensional conformal radiotherapy. N.S., not statistically significant.

trial in patients with advanced HCC. Patients who received
HAIC and were responders were continued on HAIC and
were expected to have good prognoses, while the HAIC
non‑responders were switched to sorafenib (31). The MST of
HCC patients showing MVI was 25.4 months in this previous
trial. Although there were few differences between our study
and the previous trial, the results of sorafenib after NewFP
plus 3D‑CRT for MVI in our study was superior to that of
the previous trial. The reason for our favorable results could
be that immediate therapeutic response was obtained by using
NewFP (associated with a high response rate) plus 3D‑CRT
(associated with a high local control rate) for MVI. In addition,
avoiding the unnecessary stenosis of hepatic artery by catheter
therapy, the reduction of sensitivity to the drug, deterioration
of liver function, and appearance of collateral arteries could

also explain the favorable results (32,33). We postulated
that shifting to the secondary treatment promptly, while
maintaining hepatic function, would lead to improvement in
prognosis for advanced HCC showing MVI.
Sorafenib, an oral multikinase inhibitor that blocks tumor cell
proliferation and angiogenesis, signiﬁcantly improved overall
survival compared with placebo in patients with advanced
HCC (7,9). In preclinical studies, sorafenib was shown to exert
a synergistic anticancer effect on cisplatin (34). A recent study
investigating sorafenib combined with HAIC suggested that
combining systemic therapy and regional cytotoxic chemotherapy
could enhance antitumor activity (35). Therefore, we speculate
that the combination of NewFP and sorafenib synergistically
produced an antitumor effect, leading to the higher overall
response. Because a considerable proportion of HCC patients
showing MVI are unable to receive curative treatment, it is
important to explore multimodal strategies for such patients. To
the best of our knowledge, NewFP was associated with the longest
survival of HCC patients showing MVI in all studies reported so
far. No combined modality therapy of NewFP plus 3D‑CRT and
sorafenib has yet to show a clear survival benefit. The present
study is the first reported to show that the combined modality
therapy of NewFP plus 3D‑CRT and sorafenib is a feasible and
promising treatment option for HCC patients showing MVI.
There are several possible limitations to this study. Since
this investigation was a retrospective single‑center study,
the possibility of unintentional selection bias during patient
selection cannot be fully excluded. Additionally, the number
of cases was small. Therefore, it is necessary to investigate this
treatment strategy at multiple centers via a prospective study
to confirm our findings.
In conclusion, for patients with advanced HCC showing MVI,
the initial treatment with NewFP plus 3D‑CRT for MVI was
well tolerated, and administration of sorafenib as the secondary
treatment after NewFP plus 3D‑CRT for MVI was associated
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with a significantly higher overall response rate, disease control
rate, and longer overall survival. Our results suggest that a good
prognosis could be obtained by performing sorafenib treatment
after chemoradiotherapy for advanced HCC showing MVI.
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