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Therapeutic evaluation of sorafenib for hepatocellular carcinoma
using contrast-enhanced ultrasonography: Preliminary result
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Abstract. The present study aimed to determine the useful-
ness of contrast-enhanced ultrasonography (CEUS) with
Sonazoid in evaluating the therapeutic response to sorafenib
for hepatocellular carcinoma (HCC). In total, 26 patients with
advanced HCC who received sorafenib and were followed
up by CEUS were enrolled in the present study. CEUS was
performed prior to and within 2-4 weeks of treatment, and
the images of the target lesion in the post-vascular phase
with a re-injection method were analyzed. The presence (+)
or absence (-) of intratumoral necrosis and the intratumoral
vascular architecture on micro-flow imaging (MFI) were
compared prior to and subsequent to treatment. Target lesions
that exhibited non-enhancement after re-injection were
considered to indicate intratumoral necrosis. The intratu-
moral vascular architecture was classified into three groups,
as follows: Vd, the intratumoral vessels visually narrowed or
decreased; Vnc, the vessels remained unchanged; and Vi, the
vessels were thickened or increased. Survival curves were
estimated using the Kaplan-Meier method and compared
using the log rank test between the intratumoral necrosis (+)
and (-) groups, and among the Vd, Vnc and Vi groups. P<0.05
was considered to indicate a statistically significant difference.
The number of patients in the intratumoral necrosis (+) and (-)
groups was 8 and 18 patients, respectively, and the median
survival time (MST) was 7.2 months [95% confidence interval
(CD), 2.2-12.2] and 9.5 months (95% CI, 5.1-13.8), respectively
(P=0.44). The MFI findings were observed in 11 patients in
the Vd group, 10 patients in the Vnc group and 5 patients in
the Vi group. The MSTs in the Vd, Vnc and Vi groups were
15.6 months (95% CI, 5.0-23.3), 11.0 months (95% CI, 3.5-17.6)
and 3.6 months (95% CI: 1.2-6.0), respectively. The P-value
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for the differences between the Vd and Vnc groups, Vd and
Vi groups, and Vnc and Vi groups were 0.78, 0.016 and 0.047,
respectively, which indicated that the survival time decreased
significantly in the Vi group. Evaluation of intratumoral
vascular architecture using MFI demonstrates promise for
assessing the therapeutic response to sorafenib in patients with
HCC.

Introduction

Hepatocellular carcinoma (HCC) is the third most common
cause of cancer-associated mortality worldwide (1). While local
treatments, including surgical resection and radiofrequency
ablation (RFA), lead to favorable outcomes for early-stage
HCC (2,3), no effective treatment has been established for
advanced HCC that is not amenable to surgical resection, and
the prognosis of advanced HCC is poor.

Sorafenib (Nexavar; Bayer, Leverkusen, Germany) is
an oral multi-targeted tyrosine kinase inhibitor (4-6) that is
indicated for unresectable advanced HCC and significantly
improves the progression-free and overall survival times of
patients (7,8). Sorafenib has been widely used for the treat-
ment of unresectable advanced HCC, but it is an expensive
drug that has certain adverse effects, such as hand-foot skin
reaction and diarrhea (7). In order for patients to continue
treatment with sorafenib, it is essential to evaluate the early
response to sorafenib. Sorafenib is characterized by antitumor
effects, including tumor growth inhibition and antiangiogenic
effects, which makes it challenging to evaluate the therapeutic
effects using the conventional Response Evaluation Criteria in
Solid Tumors (RECIST) (9). Alternative evaluation criteria,
including tumor necrosis and intratumoral hemodynamics,
such as the modified RECIST (10), Response Evaluation
Criteria in Cancer of the Liver (11) and Choi criteria (12), have
been recommended.

A previous study reported the use of Arrival time
parametric imaging (AtPI) (13) with contrast-enhanced ultra-
sonography (CEUS) using Sonazoid (Daiichi Sankyo, Tokyo,
Japan) to evaluate early responses to sorafenib in patients with
advanced HCC (14). In this method, based upon the color
mapping images obtained by AtPI, the mean arrival time of
the contrast agent at the target lesion from the starting point,
which was a large artery near the lesion, was calculated to
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obtain the difference between prior to and 2 weeks subsequent
to the administration of sorafenib. Blood flow velocity was
considered to have been reduced when the difference was
=0 [mean time (MT) (+) group] and to have been increased
when the difference was <0 [MT(-) group]. When the overall
survival was compared between the groups, the survival time
was significantly longer in the MT(+) group compared with the
MT(-) group. Thus, MT, which is an index of objective evalu-
ation by AtPI, may be useful for evaluating the early response
to sorafenib.

In general, AtPI is used to evaluate any changes in intra-
tumoral hemodynamics, such as changes in the blood flow
velocity. In the present study, the presence or absence of intra-
tumoral necrosis was compared with the intratumoral vascular
architecture on micro-flow imaging (MFI) (15-17) (Toshiba
Medical Systems, Otawara, Japan) in the post-vascular phase
by CEUS with Sonazoid prior to and subsequent to sorafenib
administration, to determine whether the visual changes
may be applied to the evaluation of the therapeutic effects of
sorafenib.

Materials and methods

Patient sample. In total, 94 patients with advanced HCC
underwent treatment with sorafenib at Toho University
Medical Center, Omori Hospital (Tokyo, Japan) between
April 2009 and July 2013. Of the 94 patients, 45 patients agreed
to participate the present study and CEUS was performed
prior to sorafenib administration. However, of the 45 patients,
26 patients were able to take sorafenib for more than 4 weeks,
and were followed up by CEUS with Sonazoid prior to and
2-4 weeks subsequent to the sorafenib administration. There-
fore, these 26 patients were enrolled in the present study. They
were all male patients with a mean age of 69.3+6.9 years.
The underlying liver diseases were hepatitis B in 2 patients,
hepatitis C in 16 patients, alcoholic hepatitis in 7 patients and
other in 1 patient. The Child-Pugh classification (18) was A
for 21 patients and B for 5 patients. The median a-fetoprotein
(AFP) level prior to administration was 639.4 ng/ml, and
the median level of des-y-carboxy prothrombin (DCP) was
617 mAU/ml. The initial dose of sorafenib was 800 mg/day
for 4 patients, 400 mg/day for 14 patients and 200 mg/day
for 8 patients. The present study was approved by the Ethical
Review Board of Toho University Medical Center, Omori
Hospital. Informed consent was obtained from all patients for
inclusion in the current study.

CEUS.CEUS was performed prior to and 2-4 weeks subsequent
to the administration of sorafenib. One lesion that could be
followed throughout the study period was selected. Ultrasonog-
raphy (US) was used in each patient to standardize evaluations,
and CEUS was performed in the same cross-section, under the
same conditions, at all time points. The ultrasound equipment
used in the present examination was an SSA-790A ultrasound
(Toshiba Medical Systems, Otawara, Japan) with a Toshiba
PVT-375BT convex probe (3.75-MHz center frequency).
The imaging mode was wideband harmonic imaging (pulse
subtraction), with transmission and reception frequencies of
1.8 and 3.5 MHz, respectively. The mechanical index (MI) for
acoustic output was set to 0.2; the dynamic range was set to
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60-65 dB. A single focus point was set at the deep site of the
lesion, and a bolus intravenous injection of 0.5 ml Sonazoid was
administered via a left cubital venous line followed by flushing
with 10 ml normal saline. In the post-vascular phase 10-15 min
subsequent to the injection of Sonazoid, 0.5 ml Sonazoid was
intravenously injected for the target lesion using the re-injection
method (19) to compare the presence or absence of intratumoral
necrosis 60-90 sec subsequent to the re-injection, in addition
to the intratumoral vascular architecture on the MFI findings
prior to and subsequent to the administration of sorafenib.

MFI. MFI was introduced by Sugimoto et al (15). Briefly,
maximum-hold processing started immediately subsequent to
the burst scan. The burst scan consisted of high MI (1.3-1.6)
scanning for 5 frames. Low MI (0.16-0.30) scanning was
commenced again, immediately subsequent to the MI burst
scanning, to visualize the fresh microbubble contrast agent
flowing into the scanning volume. The maximum intensity
holding sequence was started simultaneously with flash
replenishment low MI imaging, which stored and exhibited
the maximum brightness at each pixel. The accumulation
time for each MFI sequence was 5-7 sec, depending on the
perfusion of the target tissue. Target lesions that exhibited
non-enhancement (cystic-like) subsequent to re-injection were
considered to indicate intratumoral necrosis. The intratumoral
vascular architecture shown on the MFI findings was classified
into three groups, as follows: Vd group, in which intratumoral
vessels visually narrowed or decreased (Fig. 1); Vnc group, in
which intratumoral vessels remained unchanged; and Vi group,
in which intratumoral vessels were thickened or increased
(Fig. 2). The classification was performed by 2 ultrasonography
specialists, who classified the MFI findings independently
without knowledge of the clinical characteristics or therapeutic
course of each patient. The observers reviewed the images and
clips stored on the hard disc for offline analysis.

Statistical analysis. The degree of inter-observer agreement
was calculated using the «-statistic. In general, a k-statistic value
>0.75 is considered to indicate excellent agreement, 0.4-0.75
indicates good agreement and <0.4 indicates poor agree-
ment (20). In the Vd, Vnc and Vi groups, the following 12 patient
and tumor background characteristics were reported: Mean age;
gender; underlying liver disease, consisting of hepatitis B, hepa-
titis C, alcoholic hepatitis and other; Child-Pugh classification
(A or B); previous treatment, such as transarterial chemoembo-
lization, RFA and surgical resection; median AFP level; median
DCP level; Barcelona Clinic Liver Cancer (BCLC) staging
classification (B or C) (21); presence or absence of portal vein
tumor thrombus (PVTT); presence or absence of extrahepatic
metastasis; median duration of sorafenib administration; and
presence or absence of intratumoral necrosis (Table I).

The survival time was calculated using the Kaplan-Meier
method, in order to compare times between the intratumoral
necrosis (+) and (-) groups, and among the Vd, Vnc and Vi
groups based on the MFI findings. The survival time was
calculated from the start of sorafenib administration to the
final follow-up or mortality.

Statistical analysis was performed using SPSS version 11.0
for Windows (SPSS, Inc., Chicago, IL, USA). P<0.05 were
considered to indicate a statistically significant difference.
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Table I. Characteristics of the patients.
Variables Vd group, n Vnc group, n Vi group, n
Total 11 10 5
Age, years® 66.9+6.8 70.2+6.2 72.8+8.2
Gender
Male 11 10 5
Female 0 0 0
Etiology
Alcohol 3 2 2
HBV 1 0 1
HCV 6 8 2
Other 1 0 0
Child Pugh classification
A 10 8 3
B 1 2 2
Previous treatment
Yes 8 8 4
TACE 6 7 4
RFA 4 6 2
Surgical resection 3 2 0
No 3 2 1
Median AFP, ng/ml 151.9 1,153.8 13,276.0
Median DCP, mAU/ml 553.0 1444.5 681.0
BCLC
B 8
C 2
PVTT
Yes 2 1 0
No 9 9 5
Extrahepatic metastasis
Yes 2 0 0
No 9 10 5
Median period of sorafenib 15.6 (5.7-33.3) 9.7 (3.6-51.3) 3.6 (1.8-11.5)
administration, months (range)
Intratumoral necrosis
Yes
No 7 7 4

“Mean =+ standard deviation. HBV, hepatitis B virus; HCV, hepatitis C virus; TACE, trancecatheter arterial chemoembolization; RFA, radiofre-
quency ablation; AFP, a-Fetoprotein; PIVKA II, protein induced by vitamin K absence-1I; BCLC, barcelona clinic liver cancer; PVTT, portal

vein tumor thrombus.

Results

The mean initial dose of sorafenib, median observation period
and median survival time (MST) in all 26 patients were
400+196 mg/day, 9.4 months (range, 3.1-51.3 months) and

9.5 months (95% CI, 5.7-13.0), respectively. The concordance
rate (k-statistic) of the MFI findings between the 2 observers

was 0.865, which was considered excellent agreement. The
MFI findings were observed in 11 patients in the Vd group,
10 patients in the Vnc group, and 5 patients in the Vi group.
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Figure 1. Representative images of the Vd group. The patient was a 70-year-old man with chronic hepatitis C virus. Sorafenib administration (400 mg/day)
was started for advanced hepatocellular carcinoma. Contrast-enhanced ultrasonography was performed for giant tumor in S6 (arrowheads) (A) prior to and
(B) 4 weeks subsequent to the sorafenib administration. The intratumoral vascular architecture on the micro-flow imaging was narrowed and decreased

subsequent to therapy compared with the vascular architecture prior to therapy.

Figure 2. Representative imaging of the Vi group. The patient was a 79-year-old man with hepatitis B virus cirrhosis. Sorafenib administration (400 mg/day)
was started for advanced hepatocellular carcinoma. Contrast-enhanced ultrasonography was performed for a tumor in S8 (arrowheads) (A) prior to and
(B) 4 weeks subsequent to the sorafenib administration. The intratumoral vascular architecture on the micro-flow imaging findings was thickened and
increased subsequent to therapy compared with the vascular architecture prior to therapy.
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Figure 3. Comparison between cumulative overall of the necrosis (+) and
necrosis (-) groups.

Of the 26 patients, 8 patients showed intratumoral necrosis
and 18 patients did not, and the MST was 7.2 months (95% CI,
2.2-12.2) and 9.5 months (95% CI, 5.1-13.8) in the patient with
and without intratumoral necrosis, respectively. There were no
statistically significant differences between the groups (P=0.44;
Fig. 3). Based upon the MFI findings, the MST in the Vd, Vnc
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Figure 4. Comparison between cumulative overall survival in the Vd, Vnc,
and Vi groups based on the micro-flow imaging findings.

and Vi groups was 15.6 months (95% CI, 5.0-23.3), 11.0 months
(95% CI, 3.5-17.6) and 3.6 months (95% CI, 1.2-6.0), respec-
tively. The P-values for the differences between the Vd and Vnc
groups, Vd and Vi groups, and Vnc and Vi groups were 0.78,
0.016 and 0.047, respectively, which indicated that the survival
time decreased significantly in the Vi group (Fig. 4).
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Discussion

MFI was developed as combination of the flash-replenishment
sequence and the maximum intensity holding sequence was
expected to make it possible to visualize vascular structures
with high spatial resolution and vascular continuity (15-17).

Moschouris et al (22) reported the therapeutic effect of
sorafenib based on the findings of non-contrast-enhanced US
and CEUS using SonoVue (Bracco, Milan, Italy) prior to and
subsequent to sorafenib administration, but there has been no
comparison study using CEUS with Sonazoid; in particular,
MFT on imaging prior to and subsequent to sorafenib admin-
istration. The present study compared the presence or absence
of intratumoral necrosis, as well as the intratumoral vascular
architecture, based upon MFI findings in the post-vascular
phase by CEUS using Sonazoid, prior to and subsequent to
sorafenib administration, and determined whether the visual
changes may be applied to evaluation of therapeutic effects of
sorafenib.

According to Moschouris et al (22), who studied 21 patients
with HCC by US and CEUS using SonoVue, intratumoral
bleeding or necrosis occurred in 50% of patients undergoing
sorafenib treatment, showing the therapeutic efficacy of treat-
ment, which was visible as a cystic transformation by US. In
general, necrosis may be attributed to the characteristic thera-
peutic effects of sorafenib. The present comparison between
the intratumoral necrosis (+) and (-) groups suggested a
tendency towards prolongation of survival in the intratumoral
necrosis (+) group, but there was no statistically significant
difference in the survival time between the 2 groups. However,
the small sample size and the short observation period of the
present study may have contributed to this finding. A future
study should increase the number of patients and the duration
of the observation period.

Tanaka et al (23) and Sato et al (24) classified the MFI find-
ings based on the MFI pattern classification, in order to allow
comparison with the histological examination of HCC tumor
biopsy and surgically excised specimens. Tanaka er al (23)
reported that the MFI pattern classification may aid the
evaluation of the differentiation grade of HCC. In addition,
Sato et al (24) reported that the MFI pattern classification
may be an individual predictive factor of a poor prognosis in
patients with HCC. These studies suggest that the MFI find-
ings of the intratumoral vascular architecture may aid the
evaluation of the differentiation grade of HCC.

Furthermore, the present study demonstrated that the
survival time was significantly worse in the Vi group, in
which the intratumoral vascular architecture increased on
the MFI imaging subsequent to sorafenib administration,
compared with the Vd and Vnc groups. There was no differ-
ence in survival time between the Vd group, in which the
intratumoral vessels decreased visually, and the Vnc group,
in which intratumoral vessels were not changed. It is possible
that the aforementioned changes in the vascular architecture
are consistent with those in the study by Jain (25), but the anti-
angiogenic effect of sorafenib may change the intratumoral
vascular architecture during the clinical course. The present
study also suggested that the change in the intratumoral
vascular architecture may predict the therapeutic efficacy of
sorafenib.
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Limitations of the present study include the small sample
size, short observation period, evaluation by examination of
a single crosssectional ultrasonography image and a single
target lesion, and the non-quantitative nature of the analysis.
Evaluation of a single cross-sectional ultrasonography
image and a single target lesion may be controversial when
considering the multicentric carcinogenesis of HCC (26,27).
However, previous studies investigating the early evaluation of
the therapeutic effects of sorafenib by AtPI using CEUS also
demonstrated significant results, regardless of the evaluation of
a single cross-sectional US image of a single target lesion (14).
Furthermore, while the present study was a non-quantitative
analysis, the visual changes in the MFI findings may be objec-
tive, as the concordance rate (k-statistic) of the MFI findings
between the 2 observers was 0.865, which was considered to
indicate excellent agreement. The findings of the present study
suggested that the comparison of the intratumoral vascular
architecture using MFI prior to and subsequent to sorafenib
administration may be applied to the evaluation of the thera-
peutic effects of sorafenib. Notably, sorafenib is an expensive
drug that has certain adverse effects (7). Therefore, a change
from sorafenib to other early treatments, according to the clas-
sification of MFI findings, may be considered.

In conclusion, the findings of the present study suggested
that visual evaluation of the intratumoral vascular architecture
using MFI may be applied to the evaluation of the therapeutic
effect of sorafenib, even when the sample size is small. The
early evaluation of the therapeutic effects of sorafenib in
patients with HCC using CEUS with Sonazoid may be of use.
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