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Abstract

AIM: To determine the usefulness of arrival time para-
metric imaging (AtPI) using contrast-enhanced ultraso-
nography (CEUS) with Sonazoid in evaluating early re-
sponse to sorafenib for hepatocellular carcinoma (HCC).

METHODS: Fourteen advanced HCC patients who re-
ceived sorafenib 400/800 mg/d for at least 4 wk and
were followed up by CEUS were enrolled in this study.
CEUS was performed before treatment and 2 and 4
wk after treatment, and images of the target lesion in
the arterial phase were recorded for each patient. The
images were analyzed by AtPI. Color mapping (CM)
images obtained by AtPI were compared before and
after the treatment. In these CM images, the mean ar-
rival time of the contrast agent in the region of interest
from the starting point [mean time (MT)] was calcu-
lated. In each patient, differences between MT before
and MT 2 and 4 wk after the treatment were compared
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with responses evaluated 4-8 wk after the treatment
by dynamic computed tomography (CT), and statistical
analysis was performed. Modified response evalua-
tion criteria in solid tumors was used for the response
evaluation.

RESULTS: In CM images both 2 and 4 wk after the
treatment, delays in the arrival time of the contrast
agent were noted in 8 of the 14 patients. In the other
6 patients, no color changes were observed in the
tumor, or red and/or yellow increase, suggesting a de-
crease in blood flow velocity between images 2 and 4
wk after the treatment and those before the treatment.
Dynamic CT could be performed 4-8 wk after the treat-
ment in 13 of the 14 patients. Median differences in
the MT were 1.13 s and 1.015 s, 2 and 4 wk after the
treatment, respectively, in the 8 patients who showed
stable disease (SD)/partial response (PR) on dynamic
CT. Median differences in the MT were -0.39 s and
-0.95 s, 2 and 4 wk after the treatment, respectively,
in the 5 patients who showed progressive disease (PD).
Differences in the median MT between SD/PR and PD
groups were significant 2 and 4 wk after the treatment
with £ = 0.019 and P = 0.028, respectively.

CONCLUSION: AtPI by CEUS using Sonazoid is sug-
gested to be useful for evaluating early responses to
sorafenib.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

We previously evaluated the hemodynamics of hepato-
cellular carcinoma (HCC) and metastatic liver tumors
based on the time intensity curve (TTC)" and arrival time
parametric imaging (AtPT)*” employing contrast-en-
hanced ultrasonography (CEUS) using Sonazoid (Daiichi
Sankyo, Tokyo, Japan). As a result, CEUS using Sonazoid
has been suggested to allow continuous observation of
hemodynamics and is applicable to evaluate the hemody-
namics of HCC and the effects of therapeutics on meta-
static liver tumors'™?. Recently, molecular biological char-
acteristics related to the progression and proliferation of
HCC have been clarified, accelerating the development
of various molecular-targeting agentsH’(’]. Sorafenib!””!
(Bayer, Leverkusen, Germany) is a multikinase inhibitor
that targets multiple molecules, and was approved for
use in the treatment of unresectable advanced HCC in
Japan in May, 2009. Since it targets tumor growth (RAF-
MEK-ERK) and angiogenesis (vascular endothelial
growth factor receptor and platelet-derived growth fac-
tor receptor) signal transduction pathways, it is expected
to be useful for the treatment of HCC!""",

The evaluation of chemotherapeutic agents that exert
their cytotoxic effects against advanced HCC by inhibit-
ing nucleic acid metabolism has been conducted mainly
based upon the tumor volume-reducing effect, according
to the response evaluation criteria in solid tumor (RE-
CIST)US]. The tumor volume-reducing effect of molecu-
lar-targeting agents such as sorafenib appears to be slow,
although the survival period is considered to be pro-
longed, even with only a minor volume-reducing effect.
Indeed, in the Sorafenib HCC Assessment Randomized
Protocol trial in advanced HCC, while the response rate
based upon RECIST was only 2%, the survival period
in the sorafenib group was significantly longer than in
the placebo group, demonstrating its clinical efficacy”.
Therefore, evaluation of the antineoplastic effect of
sorafenib, which exhibits an antitumor effect primarily
by inhibiting angiogenesis, is difficult by conventional
critetia, and the evaluation of hemodynamics is expected

to become important in the assessment of its efficacy”.

Recently, the modified RECIST (mRECIST)"" and Choi
criteria” have been recommended for the evaluation of
therapeutic effects"”. Also, in consideration of the seti-
[10]

, and

moreover the fact that sorafenib is an expensive drug,

ous complications of sorafenib reported to date
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early evaluation of its therapeutic effects is considered to
be necessary to assess whether the treatment should be
continued.

In this study, we performed image analysis by AtPI
using CEUS with Sonazoid before and after the sorafenib
administration and evaluated the usefulness of AtPI in
evaluating early responses to sorafenib.

MATERIALS AND METHODS

Of the 45 patients with advanced HCC in whom treat-
ment with sorafenib was initiated at our hospital be-
tween June 2009 and October 2011, 14 who consented
to the study and were orally treated with sorafenib for
at least 4 wk, and who could be followed up by CEUS,
were selected as subjects. All patients were males with a
mean age of 70.4 years (62-82 years). Underlying liver
disease was hepatitis C in 8, alcoholic hepatitis in 4, and
others in 2. Child-Pugh liver function class was A in all
subjects, median alpha-fetoprotein level before adminis-
tration was 150.9 ng/mL (7.1-22 516 ng/mlL), and me-
dian protein induced by vitamin K absence-II level was
1781 mAU/mL (12-259 000 mAU/mL). The initial dose
of sorafenib was 800 mg/d for 5 patients and 400 mg/d
for 9 patients.

Methods
CEUS was performed before and 2 and 4 wk after the
sorafenib administration. One lesion or portal vein tu-
mor thrombus (PVTT) that could be followed for a
period was selected on employing ultrasonography in
each patient to standardize evaluations, and CEUS was
performed in the same cross-section and under the same
conditions at all time points. The ultrasound equipment
used in this examination was SSA-790A (Toshiba Medical
Systems, Tokyo, Japan) with a convex probe (PVI-375BT,
3.75-MHz center frequency). The imaging mode used
was wideband harmonic imaging (pulse subtraction) with
transmission/reception frequencies of 1.8 and 3.5 MHz,
respectively. The mechanical index for acoustic output
was set to 0.2; the dynamic range was set to 60-65 dB. A
single focus point was set at the deep site of the lesion,
and a bolus intravenous injection of Sonazoid (0.5 mL)
was administered #za a left cubital venous line followed by
10 mL normal saline flush. After injection of Sonazoid,
the patients were asked to hold their breaths. The arterial
phase (0-40 s) was observed and video images were re-
corded and analyzed by an off-line procedure using AtPI.
AtPI was performed using image analysis software
for Aplio/Xario on the basis of the report by Watanabe
et al”. Tt was performed by determining a starting point
at an appropriate site such as an intrahepatic artery and a
tumor vessel, regarding the time when the contrast agent
reached this site as the zero point, measuring the differ-
ence in the arrival time between the target and starting
points throughout the entire diagnostic image, and col-
oring the time differences [color mapping (CM)]. In this
study, the moment of arrival of the contrast agent at a
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i ‘ Time interval (s) ‘

Figure 1 Delays in the arrival of the contrast agent at the target site com-
pared with that at the reference point (0 s) are represented by red, orange,
yellow, green, light blue, blue and dark blue at 0.5 s intervals.

large artery near the tumor or PVTT was regarded as
starting point.

Qualitative analysis: Delays in the arrival of the con-
trast agent at the target site compared with that at the
reference point (0 s) were represented by red—orange
—yellow—green—light blue—blue—dark blue at 0.5 s
intervals (Figure 1). CM images obtained were grossly
compared in each patient before and after the treatment.

Quantitative analysis: In prepared CM images, a maxi-
mum region of interest (ROI) was determined for each
subject, and the mean arrival time of the contrast agent
in the ROI from the starting point [mean time (MT)]
was calculated. In each patient, differences in the MT 2
and 4 wk after the initiation of the treatment compared
with the MT before treatment were determined. Blood
flow velocity was judged to have been reduced when the
difference was zero or greater [MT (+) group] and to
have been increased when the difference was less than
zero [MT (-) group]. Differences in the MT 2 and 4 wk
after the treatment were compared with responses evalu-
ated 4-8 wk after the treatment by dynamic computed
tomography (CT), and statistical analysis was performed.
mRECIST!" was used for the response evaluation. The
Mann-Whitney test was performed for statistical analyses
at the P < 0.05 level of significance. This study was ap-
proved by the Ethical Review Board of Toho University
Medical Center, Omori Hospital.

RESULTS

In 14 patients, the mean duration of sorafenib administra-
tion was 177 d, and the mean daily dose was 542.9 mg/d.

Qualitative analysis

In CM images 2 wk after the treatment, color in the tu-
mor changed to primarily blue or dark blue from primar-
ily red or yellow before the treatment in 8 of the 14 pa-
tients, and time-dependent changes (delays in the arrival
time of the contrast agent) were noted. These 8 patients
also showed similar changes in CM images 4 wk after
the treatment (Figure 2). In the other 6 patients, no color
changes were observed in the tumot, or red and/or yel-
low increases, between images 2 wk after the treatment
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and those before the treatment. These 6 patients also
showed similar CM images 4 wk after the treatment.

Quantitative analysis

The MT was (+) in 8 patients but (-) in 6 two weeks
after the treatment, and mean differences in MT were
1.21 £0.75 s and -0.85 £ 0.78 s, respectively. Four weeks
after the treatment, the MT was (+) in 7 and (-) in 7, and
the mean difference in MT was 1.18 £ 0.4 s and -1.11 *
0.62 s, respectively. The MT was (+) but changed to (-)
from 2 to 4 wk after the treatment in 1 of the 8 patients
in whom CM images showed gross delays in the arrival
time of the contrast agent in the tumor 2 and 4 wk after
the treatment.

Dynamic CT could be performed 4-8 wk after the
treatment in 13 of the 14 patients. Median differences
in the MT were 1.13 s and 1.015 s, 2 and 4 wk after the
treatment, respectively, in the 8 patients who showed
stable disease (SD)/partial response (PR) on dynamic
CT. Median differences in the MT were -0.39 s and -0.95 s,
2 and 4 wk after the treatment, respectively, in the 5 pa-
tients who showed progressive disease (PD). Differences
in the median MT between SD/PR and PD groups were
significant 2 and 4 wk after the treatment with P = 0.019
and P = 0.028, respectively (Figure 3). The finding on
dynamic CT after treatment was SD in the above patient
in whom the MT changed from (+) to (-) 4 wk after the
treatment.

DISCUSSION

Some studies have evaluated the responses of gastro-
intestinal stromal tumor (GIST) and metastatic lesions
of renal cell carcinoma to molecular-targeted agents by
CEUS using Levovist (Schering, Berlin, Germany) and
SonoVue (Bracco, Milan, Ttaly)™*". Lassau ez a/™ evalu-
ated the responses of GIST to imatinib by CEUS using
Levovist and SonoVue, and suggested that CEUS was
useful for detailed evaluation eatly after the treatment,
and that decreases in tumor staining early after the treat-
ment were related to progression-free survival (PFS) and
may serve as a response-predicting factor. Lamuraglia
et al*'" also evaluated the efficacy of sorafenib against
liver metastases of renal cell carcinoma by CEUS using
SonoVue, and suggested that PES or overall survival (OS)
may be prolonged by the suppression of vascularization.

In this study, we evaluated the eatly responses of
advanced HCC to sorafenib by AtPI using CEUS with
Sonazoid. Differences in the arrival time of the contrast
agent between a large artery near the target lesion and
ROI were evaluated according to CM images or the MT.
Evaluations of differences in the arrival time are consid-
ered equivalent to evaluations of blood flow velocity to
the tumor or inflow volume of blood flow in the tumor.

In this study, a delay in the arrival time of the con-
trast agent, i.e., a decrease in blood flow velocity, could
be detected visually and readily in CM images as eatly
as 2 wk after the treatment in 8 of the 14 patients. A
decrease in blood flow velocity could also be confirmed
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Figure 2 Clinical example of good responder patient. A 74-year-old man with a history of hepatitis C virus cirrhosis underwent transcatheter arterial chemoemboli-
zation (TACE) for advanced hepatocellular carcinoma three times, after which sorafenib administration (400 mg/d) was started for this patient because the tumor was
TACE-refractory. A: Gray-scale ultrasonography showed a mosaic-pattern tumor sized 20 mm in diameter in S3 (arrow). This tumor was established as a target lesion; B:
Alarge artery near this tumor was regarded as starting point (arrow head). The color mapping (CM) image before the treatment showed primarily red or orange in the
tumor; C: The CM image 2 wk after the treatment showed primarily green in the tumor; D: The CM image 4 wk after the treatment showed primarily dark blue in the
tumor, the same as the surrounding parenchyma; E: Dynamic computed tomography (CT) scan in arterial phase before the treatment showed a hypervascular lesion
in S3 (arrow) which was the target lesion and accumulation of iodized oil in the left lobe and S7; F: Dynamic CT scan in arterial phase 4 wk after the treatment showed

a hypovascular lesion in S3 (arrow) and this lesion reduced. This therapeutic response was described as a partial response.
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Figure 3 Comparisons between the mean time and therapeutic effects
according to modified response evaluation criteria in solid tumors evalu-
ated by dynamic computed tomography. A: Median difference in the mean
time (MT) was 1.13 s, 2 wk after the treatment in the 8 patients who showed
stable disease (SD)/partial response (PR) on dynamic computed tomography
(CT). Median difference in the MT was -0.39 s, 2 wk after the treatment in the 5
patients who showed progressive disease (PD); B: Median difference in the MT
was 1.015 s, 4 wk after the treatment, in the 8 patients who showed SD/PR on
dynamic CT. Median difference in the MT was -0.95 s 4 wk after the treatment
in the 5 patients who showed PD. Differences in the median MT between SD/
PR and PD groups were significant 2 and 4 wk after the treatment with P = 0.019
and P = 0.028, respectively.

after 4 wk. However, as changes in blood flow in the
tumor due to sorafenib administration were uneven, we
set a ROI in the target HCC, calculated the mean arrival
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time of the contrast agent into the ROI, i.e., MT, and
evaluated differences in the MT before and after the
treatment as an objective method, not dependent on vi-
sion. In the 8 patients in whom delays in the arrival time
of the contrast agent could be confirmed visually in CM
images both 2 and 4 wk after the treatment, the MT was
(+) in all 8 after 2 wk and in 7 after 4 wk. This suggests
the possibility of quantification and objective evaluation
of changes in blood flow velocity in the tumor visually
detected in CM images. Comparisons between the MT
and therapeutic effects according to mRECIST evalu-
ated by dynamic CT showed significant differences in
the MT between SD/PR and PD groups both 2 and 4
wk after the treatment, indicating general agreement be-
tween these parameters. The results of this study suggest
that a delay in the arrival time of the contrast agent visu-
ally detected in CM images, i.e., a change of CM images,
reflect the response and that changes in hemodynamics
visually represented in CM images may be quantified and
objectively evaluated using the MT.

Responses of HCC have been evaluated primarily
using dynamic CT and magnetic resonance imaging as
well as CEUS, but it has often been difficult to repeat
the examination frequently during the course due to
exposure, iodine allergies, and renal dysfunction. On the
other hand, Sonazoid is effective at a low dose, causes
few adverse reactions, and can be used safely even in pa-
tients with iodine allergies or renal dysfunction, with the
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exception of those with egg shell allergies. Since changes
in CM images were noted in this study, and the MT
showed differences from values before the treatment by
2 wk after the treatment, AtPI using CEUS with Son-
azoid may be useful for the eatly evaluation of responses
to sorafenib.

Lassau ef a/™ reported that evaluation of the time
to peak intensity and slope of the wash-in obtained
by TIC using CEUS with SonoVue was useful for the
predication of early responses of metastatic lesions of
renal cell carcinoma to molecular-targeted agents. These
techniques including AtPI reflect tumor hemodynamics,
and their relative usefulness is impossible to discuss, but
AtPI may be equally predictive of responses compared
to the TIC.

This study raises the following questions: (1) Since
tumors have a three-dimensional structure, can they be
evaluated accurately by examination of a single cross-
sectional ultrasonography image? (2) Since HCC shows
% and intrahepatic metasta-
sis, the degree of differentiation may vary among lesions
of multiple HCC. Therefore, is it possible to apply the
findings in a single target lesion uniformly to all other
lesions? (3) Visual evaluation of CM images obtained 4
wk after the treatment disagreed with the MT value in 1
patient. While CM images were found to be useful for
simple comparison between conditions before and after
the treatment, measurement of the MT is still a complex
process, and further improvements are considered nec-
essary in the method to determine the ROI and other
aspects; and (4) Do the results obtained by this study, i.e.,
the MT calculated by AtPI, contribute to improvements
in the OS? These problems are considered to need care-
ful evaluation by further accumulation of cases.

In conclusion, AtPI by CEUS using Sonazoid is
suggested to be useful for evaluating early responses to
sorafenib. Changes in hemodynamics in advanced HCC
over the course of its treatment could be visually repre-
sented in a single static CM image obtained by AtPI. By
further quantification, hemodynamic changes over the

. . . . [252
multicentric carcinogenesis

course of treatment could be evaluated more objectively.
Since the number of patients in this study was small,
and the observation period was short, the usefulness of
the procedure in evaluating the time to progression or
OS cannot be discussed, but evaluation of tumor hemo-
dynamics using AtPI is considered to contribute to the
prediction of responses early after treatment.
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Background

Recently, molecular biological characteristics related to the progression and
proliferation of hepatocellular carcinoma (HCC) have been clarified, accelerat-
ing the development of various molecular-targeted agents. Since sorafenib is a
multikinase inhibitor and it targets tumor growth and angiogenesis signal trans-
duction pathways, it is expected to be useful for the treatment of HCC.
Research frontiers
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in previous studies. Since sorafenib produces an antitumor effect primarily
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by inhibiting angiogenesis, evaluation of its antineoplastic effect is difficult by
conventional criteria, and evaluating hemodynamics is expected to become
important for its efficacy evaluation. In this study, the authors verified that arrival
time parametric imaging (AtPI) by contrast-enhanced ultrasonography (CEUS)
using Sonazoid is useful for evaluating early responses to sorafenib.

Innovations and breakthroughs

Dynamic CT and magnetic resonance imaging are generally used to evaluate
the antineoplastic effect, but tumor hemodynamics are difficult to evaluate by
these methods. AtPI by CEUS can evaluate the changes of hemodynamics in
HCC over a course of treatment visually and objectively.

Applications

AtPI by CEUS using Sonazoid is suggested to be useful for evaluating early
responses to sorafenib. This was a pilot study with a small series of patients.
Similar studies with much larger numbers of patients are awaited.
Terminology

Ultrasound contrast agents consist of microbubbles that visualize the hemody-
namics. AtPI is a method using CEUS, which utilizes the arrival time of each
pixel in the diagnostic image.

Peer review

This is an interesting manuscript on a small series of patients followed with
CEUS under treatment with sorafenib. As a pilot, it provides an interesting hy-
pothesis to be tested in a larger series of patients. It is well conducted and also
well presented.
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