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Abstract: Radiotherapy is one of the available curative therapies for hepatocellular carcinoma (HCC).
We investigate the use of contrast-enhanced ultrasound using Sonazoid (SCEUS) in evaluating the
efficacy of radiotherapy for HCC. We enrolled 59 patients with 59 HCCs in this retrospective study.
Tumor size and tumor vascularity were evaluated using SCEUS before and 1, 3, 7, 10, and 13 months
after radiotherapy. The median follow-up period was 44.5 months (range: 16-82 months). Of the
HCCs, 95% (56/59) had no local recurrence, while 5% (3/59) did. At 13 months after radiotherapy, in
cases with no local recurrence, SCEUS showed a reduction in tumor vascularity in all cases, while
tumor size reduction (>30% reduction, compared with pre-radiotherapy) was observed in 82.1%
(46/56). In all three cases of local recurrence, vascularity and tumor size reduction were not observed
during the follow-up period and residual HCCs were demonstrated pathologically. Compared with
cases with local recurrence, tumor size reduction and reduction in tumor vascularity (p < 0.001) were
significantly greater in cases with no local recurrence at 13 months after radiotherapy. SCEUS may be
useful in evaluating radiotherapy efficacy for HCC.

Keywords: hepatocellular carcinoma; radiotherapy; contrast-enhanced ultrasound; sonazoid

1. Introduction

The global incidence of primary liver cancer is 841,080 people, accounting for 4.7% of
all cancers [1,2]. Hepatocellular carcinoma (HCC) accounts for 75 to 85% of all primary
liver cancers [1], and HCC incidence continues to increase [3]. The HCC treatment options
vary, depending on the prognostic stage; surgical resection, liver transplantation, and ra-
diofrequency ablation (RFA) are the only curative treatments [4-6]. Recently, radiotherapy
(RT), such as stereotactic body radiotherapy (SBRT), has become widely used in clinical
practice as a second-line treatment option, especially in patients ineligible for surgical
resection or liver transplantation, or those for whom loco-regional therapies, such as RFA
or transarterial chemoembolization, have failed [7-9]. RT has excellent local control and
overall survival in patients with good liver function and can compensate for the short-
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comings of other treatments [10,11]. RT appears to be an acceptable alternative treatment
option for patients who are not candidates for RFA [10,11].

In general, contrast-enhanced computed tomography (CECT) and contrast-enhanced
magnetic resonance imaging (CEMRI) are recommended for follow-up after RT to evaluate
treatment response and for long-term follow-up in short intervals (usually 3-6 months in
the first year) [12-21]. According to the several reports on CECT and CEMR], the accurate
assessment of the efficacy of RT is sometimes difficult, as the surrounding liver parenchyma
around the HCC shows hypervascularity for a long time after RT. This finding masks the
accurate evaluation of the vascularity of the HCC [13-16]. In cases of patients with chronic
kidney disease or allergy to contrast agents, these imaging modalities cannot be used. In
this situation, contrast-enhanced ultrasound (CEUS) is the most appropriate diagnostic
imaging modality, as it does not produce nephrotoxic or hepatotoxic effects due to the
contrast agent [22]. In addition, unlike CECT and CEMRI, CEUS can be used to observe
hemodynamics changes in the HCC and the surrounding liver parenchyma, in real-time,
after injection of the ultrasound contrast agent. Another advantage of CEUS is that it is
repeatable. Additional injections of the ultrasound contrast agent are useful for the accurate
assessment of tumor vascularity.

The European Federation of Societies for Ultrasound in Medicine and Biology guide-
lines highlight the role of CEUS as a cost-effective technique with a good safety profile, not
only for the characterization and detection of focal liver lesions, but also for monitoring
tumor response after curative, loco-regional, or systemic treatment for HCC [23-25]. CEUS
is useful for assessing tumor vascularity, based on previous studies [26,27]. Perflubutane-
based microbubble contrast agent (Sonazoid®, Daiichi Sankyo, Tokyo, Japan) has been
widely used in clinical practice in Japan, South Korea, Taiwan, and Norway.

In the present study, we investigate the use of CEUS with Sonazoid (SCEUS) for
evaluating RT efficacy for HCCs with a follow-up period of at least 13 months.

2. Materials and Methods
2.1. Patient Enrollment

Between April 2013 and July 2018, 63 consecutive patients with 63 HCCs belonging
to our institution were treated by RT at the Radiation Therapy Center at Ofuna Chuo
Hospital, Kamakura, Japan. All SCEUS procedures were performed at our institution. Four
HCCs were excluded, for the following reasons: Deep location in the liver and could not
be assessed by grayscale ultrasound (US) or SCEUS (n = 3), or location near the diaphragm
and could not be assessed by grayscale US and SCEUS (n = 1). Finally, 59 patients with
59 HCCs were enrolled in this retrospective study. This study was conducted in accordance
with the Declaration of Helsinki. Institutional review board approval and informed consent
from all patients were obtained for this retrospective study (number B180900067).

The inclusion criteria were as follows: (1) Unresectable HCC due to infeasibility,
difficulty, or patient refusal; (2) unsuitable for RFA, due to adjacency to the portal vein,
hepatic vein, diaphragm, or heart, or patients who had a hemorrhagic tendency; (3) single
HCC in patients at stage 0,A in Barcelona Clinic Liver Cancer (BCLC) staging; (4) patients
with HCC detectable in grayscale US before RT; (5) patients who can sufficiently hold
their breath when performing SCEUS; (6) Child-Pugh A chronic hepatitis, cirrhosis, or
Child-Pugh B (Child-Pugh score 7) cirrhosis; and (7) ability to follow-up for more than
13 months after RT. The exclusion criteria were uncontrolled ascites or extrahepatic lesions.

2.2. Imaging Method
2.2.1. US Imaging

We assessed the detection of HCC lesions using the LOGIQ E9 ultrasound system (GE
Healthcare, Ltd., Chicago, IL, USA) with native tissue harmonic grayscale imaging using a
convex probe with a frequency of 1-6 MHz and a micro-convex probe with a frequency of
2-5 MHz (hereafter referred to as grayscale US).
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2.2.2. SCEUS Procedures

As previously reported [28,29], a 0.2 mL dose of Sonazoid was injected into a forearm
cutaneous vein at 0.2 mL/s using a 24-gauge cannula, followed by 2 mL of 5% glucose
after the Sonazoid injection. SCEUS images were acquired during three contrast phases,
consisting of an arterial phase (AP; 10-50 s after initiation of injection), a portal phase
(80-120 s after initiation of injection), and a PVP (10 min after initiation of injection). Since
2014, grayscale US images obtained with the newly developed transducer have been used
for native tissue harmonic imaging, which uses wide-band phase inversion harmonic
grayscale imaging and software to reduce speckles. This technique provides a high spatial
resolution and deep penetration with high frame rates (28-30 frames per second). Using
SCEUS based on native tissue harmonic imaging at a low mechanical index (MI; 0.28) and
high frame rate (28-30 frames per second), tumor vessels and tumor stains can be evaluated
in detail and in real-time [28,29]. In cases of hyperechoic lesions, high MI (0.7-1.2) contrast
imaging was used to accurately evaluate the presence or absence of defective areas during
the PVP [30].

2.2.3. CT Imaging

CECT was performed using a 16 multi-detector CT scanner (Aquilion 16; Canon
Medical, Ootawara, Japan) with a tube voltage of 120 kV, a tube current setting at the
automatic milliampere exposure setting, a reconstruction section and interval thickness of
5 mm, a pitch of 15, and a gantry speed of 0.5 s per rotation. A nonionic contrast agent,
iopamidol (Iopamiron 300 or 370; Bayer Schering Pharma AG, Berlin, Germany), was
injected. Then, a power injector (Dual Shot GX; Nemoto Kyorindo, Tokyo, Japan) was used
to inject 100 mL of iopamidol at 3 mL/s through a catheter placed in the antecubital vein.
The scanning time in the arterial phase was confirmed using an automatic bolus-tracking
program (RealPrep, Canon Medical, Ootawara, Japan). The trigger point for starting
AP scanning was set to an attenuation of 230 HU from the baseline attenuation of the
abdominal aorta. Portal phase scanning was performed 70 s after contrast injection, and
equilibrium phase images were acquired 180 s after injection.

2.2.4. MR Imaging

MR imaging was performed using a 1.5 T whole-body imager (Avant; Siemens Medi-
cal System, Erlangen, Germany). A power injector (Spectris Solaris EP; MEDRAD, Bayer
Schering Pharma AG, Berlin, Germany) was used to inject 0.1 mL/kg of gadolinium-
ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-EOB-DTPA; Primovist; Bayer Scher-
ing Pharma AG, Berlin, Germany) at 1 mL/s through a catheter placed in the antecubital
vein, followed by flushing with 20 mL of sterile saline solution at 2 mL/s. Arterial phase,
portal phase, and late phase scanning were performed at 25-30, 70-85, and 180 s, respec-
tively, after initiation of the contrast injection, while hepatobiliary phase scanning was
performed 20 min after initiation of the contrast injection.

2.3. Radiotherapy (RT)

As previously described [31], three kinds of risk-adapted dose prescriptions were used:
SBRT, with total doses of 35 Gy or 40 Gy, were delivered in five fractions over 5-7 days
(depending on liver function), such that the dose to a 10-cc area of the gastrointestinal tract
was limited to <25 Gy. A total dose of 35 Gy was administered to patients with Child-Pugh
class B or A disease, with >20% of the normal liver receiving >20 Gy, and a total dose of
40 Gy in the other patients. When exceeding the limitation of the gastrointestinal tract,
hypofractionated radiotherapy (HFRT), with a total dose of 36-45 Gy, was delivered in
12-15 fractions over 16-21 days. The treatment was planned to enclose the planning target
volume with a 60-80% isodose line of the maximal dose.
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2.4. Evaluation of the Therapeutic Efficacy of RT by SCEUS

All 59 cases were evaluated at 1, 4, 7, 10, and 13 months after RT treatment. Follow-up
with imaging assessments every three months was continued as long as the patient was
alive and could visit the hospital. The examination interval between CECT/CEMRI and
SCEUS was about one week. Using the US procedure, the following were evaluated:
(1) The change in tumor size using grayscale US or re-injection of Sonazoid in the PVP
SCEUES, (2) tumor vascularity in AP or re-injection during PVP SCEUS, (3) hypervascularity
of surrounding liver parenchyma during AP SCEUS, and (4) both irradiated HCC and
surrounding liver parenchyma becoming a hypoechoic area (perfusion defect) in PVP
SCEUS. A tumor size reduction was defined as a reduction of more than 30%, compared to
the maximum diameter of the HCC lesion measured before RT treatment with grayscale
US. An increase in tumor size was defined as an increase of more than 20% and more than
5 mm in diameter, compared to the maximum diameter of the HCC lesion measured before
treatment with grayscale US. If a HCC lesion was unclear on grayscale US, but the HCC
lesion and the surrounding liver parenchyma showed a hypoechoic area (perfusion defect)
during PVP SCEUS, additional Sonazoid re-injection was performed during PVP, in order
to evaluate the vascularity of the target HCC lesion and surrounding liver parenchyma. If
the target HCC showed hypovascularity, compared with the surrounding liver parenchyma,
and appeared as a perfusion defect during AP of re-injection, the target lesion was detected
and measured. Local recurrence was suspected if the target HCC showed hypervascularity
during AP SCEUS and a perfusion defect during PVP. Additional injections of Sonazoid
during PVP were used to determine whether or not arterial blood flow entered the perfusion
defect (defect re-injection method). If the fast wash-in of arterial flow was observed in
the perfusion defect, this was considered a confirmatory sign of local recurrence [32]. All
SCEUS was performed independently by two different experienced radiologists (H.N. and
A.F.), who were blind to clinical information of the patients. The results of the SCEUS and
grayscale US were evaluated by an expert hepatologist (K.N.) with 20 years of experience
in HCC diagnosis and treatment.

2.5. Evaluation of the Therapeutic Efficacy of RT by CECT/CEMRI

Of the 59 patients, 54 were available for contrast agents and were evaluated by
CECT or CEMR], performed 1, 4, 7, 10, and at least 13 months after RT. The presence
or absence of local recurrence was assessed according to the evaluation of vascularity
of the target HCC lesion and its size. Local recurrence was suspected if the target HCC
showed hypervascularity during the AP and wash-out during the subsequent phases
without tumor size reduction. For the remaining five patients, who had renal dysfunction
or contrast allergy, non-enhanced CT and non-enhanced MRI were performed. In those
cases, changes in tumor size were evaluated in non-enhanced CT or MRI; in non-enhanced
MRI, the presence or absence of high signal intensity in the diffusion-weighted image
(DWI) was observed.

Follow-up with imaging assessments every three months was continued as long
as the patient was alive and could visit the hospital. To evaluate the effects of RT, the
CECT/CEMRI findings obtained before and after the RT were evaluated by two hepatol-
ogists (M.C. and H.F), neither of whom was involved in the RT treatment, and both of
whom were blind to the clinical information and other radiological findings of the patients.
Each of the hepatologists had 20 years of clinical experience in evaluating MRI.

2.6. Follow-Up of Alpha-Fetoprotein (AFP)

Blood tests for AFP level were performed and followed up in the same way as for the
imaging studies. AFP level was considered abnormal at >10 ng/mL.

2.7. Diagnosis of Presence or Absence of Local Recurrence

If neither reduction in tumor vascularity nor tumor size were observed by imaging
modalities, as mentioned above, local recurrence was suspected. Tumor biopsy was
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performed under US guidance and the pathological results were used as the gold standard
for the presence of local recurrence. In these cases, additional treatment was performed.

If reductions in either tumor vascularity or tumor size were observed by the imaging
modalities, no local recurrence was suspected. If these findings (as mentioned above) were
observed on the basis of the imaging examinations at 16 months or more of follow-up,
the patient was considered to have no local recurrence. Therefore, the gold standard for
determining no local recurrence was imaging modalities alone.

The follow-up period for the diagnosis of presence or absence of local recurrence
ended on 31 August 2020.

2.8. Statistical Analysis

We compared and examined the SCEUS findings between cases with and without
local recurrence. To determine whether AFP was effective in follow-up after RT, Fisher’s
exact test was performed for cases with and without local recurrence in which the AFP
was originally high. The SCEUS findings observed in the cases were examined using a
Fisher’s exact test, in order to determine whether significant differences existed between
cases with and without local recurrence. Statistical analysis was performed to calculate the
sensitivity, specificity, and accuracy of the findings of the tumor size or vascularity for the
diagnosis of local recurrence after RT. p < 0.05 was considered to be statistically significant.
All statistical analyses were performed using the IBM SPSS statistics version 26.0 software
(IBM SPSS, Chicago, IL, USA).

3. Results
3.1. Patient Characteristics

Table 1 shows the clinical characteristics of the enrolled patients who were treated
using RT and followed up by SCEUS. A total of 59 cases with 59 HCC lesions were
eligible for inclusion in this study. SBRT was administered to 48 cases and HFRT was
administered to 11. The median tumor size was 19.6 mm (Table 1). RT was performed due
to anticoagulation in 4 cases, adjacent to the dome in 23 cases, posterior to the portal vein
in 23 cases, lesions in segment 1 of the liver in 6 cases, lesions in segment 7 of the liver in
1 case (i.e., lesions just below the diaphragm), and adjacent to the intestinal organs and
heart in 2 cases.

Table 1. Clinical characteristics of enrolled patients.

Baseline Characteristics All No Local Recurrence Local Recurrence
Number of patients/lesions 59/59 56/56 3/3
Age (mean £ SD, years) 72.59 £ 8.768 72.43 £8.571 75.67 £ 11.441
Sex (female/male) 19/40 19/37 0/3
B i i s s oy
Child-Pugh classification (class A/B) 50/9 47/9 3/0
Diameters of lesion (median, range; mm) 19.6 (8-40) 16.5 (8-40) 20.0 (20-34)
Liver segment (1/2/3/4/5/6/7/8) 6/3/3/12/1/0/11/23 6/2/3/11/1/0/11/22 0/1/0/1/0/0/0/1
RT (SBRT/HFRT) 48/11 47/9 1/2
Follow-up period # (median (range) in months) 445 (13-82) 48 (16-82) 21 (20-22)

NBNC, non-B, non-C hepatitis; RT, radiation therapy; HFRT, hypofractionated radiotherapy; SBRT, stereotactic body radiation therapy.
2 Follow-up every three months was continued as long as the patient was alive and could visit the hospital.

3.2. Achievement of Each Imaging Modality

All cases received SCEUS procedures during follow-up periods after RT. At the beginning
of the study, four patients could not undergo CECT or CEMRI due to renal dysfunction (two
cases; Figure 1), allergy to the contrast media (one case), and asthma (one case). At 10 months
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after RT, one case could not undergo CECT or CEMRI, due to appearance of an allergy to the
contrast media. These five cases had no local recurrence.

Figure 1. Grayscale ultrasound (US) and contrast-enhanced US with Sonazoid (SCEUS) images, before and after radiotherapy
(RT), for a hepatocellular carcinoma (HCC) lesion (maximum diameter: 38 mm) in segment VIII; evaluated as no local
recurrence after RT. The patient was unable to undergo punctuation or surgical resection as they took two antiplatelet
drugs during the subsequent 6 months of coronary stenting due to an angina attack. After RT, the patient could not receive
contrast-enhanced computed tomography (CT), due to progression of chronic kidney disease. (a—c) Before RT: A hyperechoic
lesion was observed using grayscale US (a). This lesion showed hypervascularity during the arterial phase (AP) of SCEUS
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(b) and hypoechoic (perfusion defect) during the post-vascular phase (PVP) (c). One month after RT (d-f): Grayscale US
showed a hyperechoic nodule (d). This lesion showed hypervascularity during AP SCEUS (e) and appeared hypoechoic
during the PVP (f) one month after RT. Grayscale US and SCEUS findings obtained after RT showed no remarkable changes,
compared with those obtained before RT. Four months after RT (g—i): Grayscale US showed a hyperechoic nodule and
a reduction in tumor size (g). AP SCEUS showed decreased vascularity of the HCC lesion and hypervascularity of the
surrounding liver parenchyma during the arterial phase (h). Both the HCC lesion and the surrounding liver parenchyma
appeared as a perfusion defect during the post-vascular phase (i). Thirteen months after RT (j—1): Grayscale US showed a
hypoechoic nodule and a marked reduction in tumor size (j). AP SCEUS showed a disappearance of vascularity of the HCC
lesion and slight hypervascularity of the surrounding liver parenchyma (k). Both the HCC lesion and the surrounding liver
parenchyma appeared as perfusion defect during the PVP (I). Compared with four months after RT, the size of perfusion
defect decreased apparently. Arrowheads indicate the margins of the HCC lesion. Arrows show the margins of irradiated
surrounding liver parenchyma.

3.3. Efficacy of RT

During the follow-up period (median, 44.5 months; range, 16-82 months) after RT,
94.9% (56/59) of cases had no local recurrence (Figures 1 and 2). In cases with no local
recurrence, 47 patients underwent SBRT and 9 patients underwent HFRT. Follow-up
examinations continued beyond 13 months after RT. No local recurrence was observed at
16 months or more after RT. The remaining 5.1% (3/59) of cases showed local recurrence
and two of them underwent HFRT (Figure 3). These three cases with local recurrence were
pathologically diagnosed as viable HCCs using ultrasound-guided biopsy. Two of the three
cases were diagnosed as poorly differentiated HCCs (Figure 3n-t) and the remaining one
was well-differentiated HCC.

Figure 2. Cont.
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Figure 2. Grayscale ultrasound (US), contrast-enhanced US with Sonazoid (SCEUS), and contrast-enhanced MRI (CEMRI)
images before and seven months after radiotherapy (RT) for a HCC lesion (maximum diameter: 22 mm) in segment IV,
evaluated as no local recurrence after RT. A safe punctuation was difficult, as the lesion was located behind the gallbladder.
The patient refused surgical resection, so they received RT. SCEUS before RT (a—c): A hypoechoic lesion was observed
using grayscale US (a). This lesion showed hypervascularity during the arterial phase (AP) of SCEUS (b) and hypoechoic
(perfusion defect) during the post vascular phase (PVP) (c). SCEUS seven months after RT (d-g): Grayscale US showed
a hypoechoic nodule and a reduction in tumor size (d). AP SCEUS showed a disappearance of vascularity of the HCC
lesion and hypervascularity of the surrounding liver parenchyma (e). Both the HCC lesion and the surrounding liver
parenchyma appeared as a perfusion defect during the PVP (f). After re-injection of Sonazoid during the PVP, the HCC
showed hypovascularity and the surrounding liver parenchyma showed hypervascularity (g). AP CEMRI before (h) and
seven months (i) after RT: Before RT, this lesion showed hyperintensity during AP CEMRI (h). Both the HCC lesion and
the surrounding liver parenchyma appeared as hyperintensity at seven months after RT (i). Seven months after RT, we
observed a discrepancy between the vascularity shown by SCEUS and that by CEMRI, but the lesion has not recurred for
more than 3 years, suggesting that the SCEUS findings might be correct. Arrowheads show the margins of the HCC lesion.
Arrows show the margins of irradiated surrounding liver parenchyma.
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Figure 3. Cont.
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Figure 3. Grayscale ultrasound (US) and contrast-enhanced US with Sonazoid (SCEUS) images before and after radiotherapy
(RT) for an HCC lesion (maximum diameter: 34 mm) in segment III/IV, evaluated as residue after RT. RT was selected as
treatment because the lesion was located adjacent to the left portal vein and the tumor size was more than 3 cm (as the
maximum diameter). Hypofractionated radiotherapy was performed as the bowel organ was adjacent to the lesion. Before
RT (a—c): A hyperechoic lesion was observed using grayscale US (a). This lesion showed hypervascularity during arterial
phase (AP) SCEUS (b) and hypoechoic (perfusion defect) during the post-vascular phase (PVP) (c). One month after RT
(d—f): The tumor size did not change on grayscale US (d). Using SCEUS, the HCC lesion showed hypervascularity with a
partially hypovascular area (curved arrow) during the AP (e) and was hypoechoic during the PVP (f). The surrounding
liver parenchyma showed slight hypervascularity during the AP (e) and was hypoechoic during the PVP (f). Four months
after RT (g—i): The tumor size did not change on grayscale US (g). Using SCEUS, the HCC lesion showed hypervascularity
with a partially hypovascular area (curved arrow) during the AP (h). The surrounding liver parenchyma showed apparent
hypervascularity during the AP (h). Both the HCC lesion and the surrounding liver parenchyma appeared as a perfusion
defect during the PVP (i). Thirteen months after RT (j—m): The tumor size did not change on grayscale US (j). Using SCEUS,
compared with 4 months after RT, the HCC lesion showed hypervascularity during the AP (k). AP SCEUS showed slight
hypervascularity of the surrounding liver parenchyma (k). Both the HCC lesion and the surrounding liver parenchyma
appeared as a perfusion defect during the PVP (1). The boundary between the HCC and the surrounding liver parenchyma
was unclear (I). After re-injection of Sonazoid during the PVP, both the HCC and the surrounding liver parenchyma
showed hypervascularity (m). In this case, tumor size reduction and the disappearance of tumor vascularity were not
observed during 13 months follow-up. Arrowheads indicate the margins of the HCC lesion. Arrows show the margins of
the irradiated surrounding liver parenchyma. Pathological findings obtained from irradiated HCC area (n—p), irradiated
surrounding non-tumor area (q,r), and non-irradiated non-tumor area (s,t) at 13 months after RT. For the irradiated HCC
area, hematoxylin and eosin (HE) staining showed obvious cell atypia. Specifically, hypercellularity and larger, irregularly
shaped nuclei can be seen. The nuclear cytoplasmic ratio is significantly higher. A few multinucleated giant cancer cells
can be seen (n). Silver staining showed that reticular fibers have totally disappeared, resulting in poorly differentiated
HCC (o). CD34 staining showed strong diffuse expression of CD34, suggesting increased neovascularization resulting
from sinusoidal capillarization and the formation of sinusoid vascular endothelium in HCC (p). Irradiated surrounding
non-tumor area showing hypervascularity during arterial phase SCEUS (* mark seen in (k)): HE staining showed neither
cancer cells nor hepatocytes. Infiltration of inflammation cells (t) and severe fibrosis (}) are noted (q). CD34 staining
showed diffuse expression of CD34 in infiltration of inflammation cells (1) and severe fibrosis regions (}) (r). Non-irradiated
non-tumor area: HE staining showed normal hepatocytes with the normal nucleus shape and the nuclear cytoplasmic ratio.
Thin trabeculae are clearly visualized (s). The negative expression of CD34 is seen (t).
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3.4. Changes in SCEUS and CECT/CEMRI Findings during Follow-Up Periods
3.4.1. SCEUS Findings of the Cases with No Local Recurrence

Table 2 summarizes the changes of tumor size and tumor vascularity in the SCEUS
and CECT/CEMRI findings during the 13 months after RT for cases without local recur-
rence. This table also shows changes in SCEUS findings of the tumor and irradiated liver
parenchyma surrounding the tumor after RT. At 1 month after RT, reductions in tumor
vascularity and tumor size evaluated by SCEUS were observed in 21.4% and 7.1% of
cases, respectively. At 4 months after RT, the AP SCEUS showed decreased vascularity
of the irradiated HCC (87.5%) and increased vascularity of the irradiated surrounding
liver parenchyma (89.3%). In the PVP, both the irradiated HCC and the surrounding liver
parenchyma appeared as a hypoechoic area (perfusion defect; 87.5%; see Figures 1 and 2).
At 7 months after RT, in addition to the findings observed at 4 months after RT mentioned
above, tumor size reduction was observed (62.5%). At 13 months after RT, tumor size
reduction (82.1%) and decreased vascularity of the irradiated HCC (100%) were observed.

Table 2. Changes in SCEUS (N = 56) and CECT/CEMRI (N = 51) findings during 13 months after RT for no local

recurrence cases.

Follow-Up Period Number (%)

Observed Parameters

1 Month 4 Months 7 Months 10 Months 13 Months
Modality us cm us cme Us cme us cm us oM
Tumor size
Reduction 2 4 9 17 15 35 29 41 37 46 37
7.1) (17.6) (30.4) (33.3) (62.5) (64.4) (7322) (84.1) (82.1) (84.1)
Increase 0 0 0 0 0 0 0 0 0 0
(0) (0) (0) () ) (0) (0) (0) (0) )
No change © 52 42 39 30 21 16 15 7 10 7
& (92.9) (82.4) (69.6) (66.7) (37.5) (35.6) (26.8) (15.9) (17.9) (15.9)
Tumor vascularity
Reduction 4 12 9 49 30 53 37 55 42 56 44
eduction (21.4) (17.6) (87.5) (66.7) (94.6) (82.2) (98.2) (95.5) (100) (100)
No change 44 42 7 15 3 8 1 2 0 0
g (78.6) (82.4) (12.5) (33.3) (5.4) (17.8) (1.8) (4.5) (0) (0)
Hypervascularity of surrounding
liver parenchyma during AP
22 50 56 56 51
Presence (39.3) (89.3) (100) (100) ©1.1)
Absence 34 6 0 0 5
(60.7) (10.7) (0) ) (8.9)
Perfusion defect during PVP
Presence 8 49 54 56 56
(14.3) (87.5) (96.4) (100) (100)
Absen 48 7 2 0 0
sence (85.7) (12.5) (3.6) 0) (0)

SCEUS, contrast-enhanced ultrasound using Sonazoid; CECT/CEMRI, contrast-enhanced CT/contrast-enhanced MRI; US, contrast-
enhanced ultrasound using Sonazoid; C/M, contrast-enhanced CT/contrast-enhanced MRI; AP, arterial phase; PVP, post-vascular phase;
2 Reduction of more than 30%, compared to the maximum diameter of the HCC lesion measured before treatment. ® Increase of more
than 20%, compared to the maximum diameter of the HCC lesion measured before treatment. ¢ Neither sufficient reduction to qualify for
“Reduction” nor sufficient increase to qualify for “Increase”. ¢ Reduction of tumor vascularity, compared to the pre-treatment vascularity,
using AP or re-injection during PVP contrast-enhanced ultrasound using Sonazoid. € In six of the 51 cases, both the irradiated HCC and the
surrounding liver parenchyma showed the hypervascularity during AP CECT/CEMRI, which interfering with the accurate assessment of
tumor vascularity and tumor size. In the remaining 45 cases, tumor size and tumor vascularity were evaluated by CECT/CEMRL f In seven
of the 51 cases, both the irradiated HCC and the surrounding liver parenchyma showed the hypervascularity during AP CECT/CEMRI,
which interfering with the accurate assessment of tumor vascularity and tumor size. In the remaining 44 cases, tumor size and tumor
vascularity were evaluated by CECT/CEMRIL

3.4.2. SCEUS Findings of the Local Recurrence Cases

At 4 months after RT, surrounding liver parenchyma hypervascularity during AP
(100%) and perfusion defect at the PVP (100%) were observed. At 13 months after RT, tumor
size reduction and reduction in tumor vascularity were not observed (Table 3, Figure 3).
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Table 3. Changes in SCEUS and CECT/CEMRI findings during 13 months after RT for local recurrence cases (N = 3).
Follow-Up Period Number (%)
Observed Parameters
1 Month 4 Months 7 Months 10 Months 13 Months
Modality us C/M UsS C/M uUs C/M Us C/M us C/M
Tumor size
Reduction 2 0 0 0 0 0 0 0 0 0 0
(0) (0) () ©) ©0) () () ) ) ©0)
Increase b 0 0 0 0 0 0 0 0 0 0
) ©) () (0) (0) 0) ©) (0) (0) (0)
No change © 3 3 3 3 3 3 3 3 3 3
& (100) (100) (100) (100) (100) (100) (100) (100) (100) (100)
Tumor vascularity
Reduction 4 0 0 0 0 0 0 0 0 0 0
0) ©) ©) (0) (0) ©) ©) (0) (0) (0)
No change 3 3 3 3 3 3 3 3 3 3
& (100) (100) (100) (100) (100) (100) (100) (100) (100) (100)
Hypervascularity of surrounding
liver parenchyma during AP
Presence 0 3 3 3 3
(0) (100) (100) (100) (100)
Absence 3 0 0 0 0
(100) (©0) (0) () (0)
Perfusion defect during PVP
Presence 0 3 3 3 3
(0) (100) (100) (100) (100)
Absence 3 0 0 0 0
(100) (0) (0) ) (0)

SCEUS, contrast-enhanced ultrasound using Sonazoid; CECT/CEMRI, contrast-enhanced CT/contrast-enhanced MRI; US, contrast-
enhanced ultrasound using Sonazoid; C/M, contrast-enhanced CT/contrast-enhanced MRI; AP, arterial phase; PVP, post-vascular phase;
2 Reduction of more than 30%, compared to the maximum diameter of the HCC lesion measured before treatment. b Increase of more
than 20%, compared to the maximum diameter of the HCC lesion measured before treatment. ¢ Neither sufficient reduction to qualify for
“Reduction” nor sufficient increase to qualify for “Increase”. d Reduction of tumor vascularity, compared to the pre-treatment vascularity,
using AP or re-injection during PVP contrast-enhanced ultrasound using Sonazoid.

3.5. Comparison SCEUS Findings with CECT/CEMRI Findings 13 Months after RT

In all 56 no local recurrence cases, at 13 months after RT, tumor size reduction (46/56,
82.1%) and decreased vascularity of the irradiated HCC (56/56, 100%) were observed by
SCEUS. Of the 56 no local recurrence cases, 51 cases were available for contrast agents
and were evaluated by CECT/CEMRI at 13 months after RT. In seven of the 51 cases, both
the irradiated HCC and the surrounding liver parenchyma showed the hypervascular-
ity during AP CECT/CEMRI. This enhancement disturbed the accurate assessment of
tumor vascularity and tumor size. In the remaining 44 cases, tumor size reduction (36/44,
81.8%) and decreased vascularity of the irradiated HCC (44 /44, 100%) were observed by
CECT/CEMRI (Table 2). In all three local recurrence cases, at 13 months after RT, no reduc-
tion in tumor size and tumor vascularity was observed by either SCEUS or CECT/CEMRI
(Table 3).

3.6. Comparison of SCEUS Findings for Cases with and without Local Recurrence 13 Months after RT

At 13 months after RT, when tumor size reduction was observed, the sensitivity,
specificity, and accuracy for cases with no local recurrence were 82.1%, 100%, and 83.1%,
respectively. At 13 months after RT, when reduction in tumor vascularity was observed,
the sensitivity, specificity, and accuracy for cases with no local recurrence were all 100%.
At 13 months after RT, tumor size reduction and reduction in tumor vascularity were
significantly different between cases with and without local recurrence (p = 0.009 and
p < 0.001, respectively). Hypervascularity of the surrounding liver parenchyma during AP
and perfusion defect during the PVP were not significantly different between cases with
and without local recurrence 13 months after RT.

3.7. Changes in AFP after RT

One case had no blood test data before RT. Of the 58 remaining cases, 36 had newly
developed HCC lesions. The remaining 22 cases (19 cases with no local recurrence and 3
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local recurrence cases), having high AFP level before RT and no newly developed HCC
lesions, were evaluated for changes in AFP level. At 13 months after RT, in 12 of the 19
cases without local recurrence (63.2%), the AFP level had decreased to normal range. The
remaining seven cases still had a high AFP level, even though no newly developed HCC
lesions were found. In contrast, in two of the three cases with local recurrence (66.7%), the
AFP level remained high. However, in the remaining case, the AFP level did not increase
and was recorded in the normal range. At 13 months after RFA, when the AFP level of
the HCC cases with a high AFP level before RT decreased to normal range, the sensitivity,
specificity, and accuracy for cases with no locally recurrent HCC were 63.2%, 66.7%, and
63.6%, respectively.

3.8. Additional Treatment for Local Recurrence

All three cases of local HCC recurrence were diagnosed on the basis of imaging
examinations at 13 months after RT. After the histological diagnosis of local recurrence
of HCCs, these three cases underwent RFA treatment. One case without adverse events
experienced local recurrence again and received additional RFA (Figure 3). One had right
pleural effusion as an adverse event with RFA; however, no local recurrence was observed
during 13 months after RFA. The remaining case had neither adverse events, nor local
recurrence, during 14 months after RFA.

3.9. Complications

One month after RT, four patients felt fatigue and one patient had a gastric ulcer. No
patient required hospitalization. No complications were observed with SCEUS.

4. Discussion

Sonazoid has been successfully investigated in many studies, showing high diagnostic
accuracy, treatment response assessment, and guidance for HCC [33-36]. Furthermore,
it has been recommended in Japanese guidelines for diagnosing HCC [37]. However,
only one study has reported data for CEUS, in terms of its ability to assess the treatment
efficacy of RT for HCC. Only Shiozawa et al. have reported CEUS findings after RT
using CyberKnife® (Accuray Inc., Sunnyvale, CA, USA) in four cases [38]. Their findings
suggested that, if hypervascularity in the liver parenchyma around the HCC is detected in
the early period after RT, the HCC may have been adequately irradiated. The reduction in
tumor vascularization was considered to indicate the therapeutic efficacy of RT. However,
they had a small number of cases, and their description of RT efficacy using CEUS was
insufficient, due to the short follow-up periods of less than 1 year [38].

We followed-up 59 patients who underwent RT, obtaining 56 cases with no local
recurrence and 3 with local recurrence. Using SCEUS, in the cases with no local recurrence,
reduction in tumor vascularity was observed in 87.5% of cases at 4 months, 94.6% at
7 months, 98.2% at 10 months, and 100% at 13 months after RT. Tumor size reduction
was observed in 62.5% at 7 months, 73.2% at 10 months, and 82.1% at 13 months after
RT. In contrast, in cases with local recurrence, neither a reduction in tumor vascularity
nor tumor size was observed even at 13 months after RT. At 13 months after RT, tumor
size reduction (p = 0.009) and reduction in tumor vascularity (p < 0.001) were significantly
different between cases with and without local recurrence. Therefore, SCEUS may be useful
in evaluating the efficacy of RT for HCC.

Previous studies using CEMRI have reported that tumor enhancement was reduced
by 54.3% at 3 months and 74.3% at 6 months after RT [15], while the tumor size was
reduced by 66% one year after RT [16]. One of these studies suggested that local recurrence
should be defined by growth of >5 mm in size or continuous hyper-enhancement on AP
CEMRI during follow-up periods after RT [16]. The results of this report were similar to
our findings using SCEUS.

In the present study, even in the cases with no local recurrence, a reduction in tumor
vascularity was observed in only 21.4% of cases at one month after RT. In addition, a



Diagnostics 2021, 11, 486

14 of 17

reduction in tumor size was observed in only 7.1% of cases at one month after RT. It is
important to know that even the no local recurrence cases did not show a significant change
in US findings at one month after RT. Moreover, follow-up periods of at least 13 months
after RT are required, as all three local recurrence cases were found at 13 months after RT. If
neither tumor size reduction nor reduction in tumor vascularity are observed at 13 months
after RT, the possibility of local recurrence should be considered. In particular, a careful
follow-up is necessary for patients who underwent HFRT. Local recurrence cases were
observed in 3 of the 59 cases in this study, where two of three local recurrence cases had
undergone HFRT. Referring to previous studies, the local control rate is higher in HFRT
than in SBRT cases [21,39].

Regarding the hypervascularity of the surrounding liver parenchyma during the AP
and the perfusion defect during the PVP SCEUS after RT, findings were observed in cases
both with and without local recurrence cases. These findings may indicate the irradiated
areas; however, these findings may not help to evaluate the efficacy of RT.

Hypervascularity of the surrounding liver parenchyma around HCC after RT has been
mentioned in previous reports [12,40-43], the results of which are generally consistent with
ours. Herfarth et al. reported a change in the image of the liver parenchyma around the
tumor, defined as a focal liver reaction (FLR), in contrast-enhanced CT at 1.8 months after
RT [40]. In a previous study of CECT, more than 50% of FLR cases showed a hypodensity
area in the portal phase 3 to 5 weeks after RT; however, 4 to 5 months later, more than 50%
showed a high-density area in the portal phase [40]. This FLR on CECT may correspond to
the liver parenchyma hypervascularity during AP SCEUS in our study.

The mechanism of FLR is as follows [12,42,43]: In the irradiated liver, injured endothe-
lial cells undergo apoptosis and Kupffer cells are activated. These injured endothelial cells
induce sinusoidal obstruction. The hypoxic environment, due to sinusoidal obstruction,
leads to the death of hepatocytes and inflammatory cell infiltration. In addition, Kupffer
cells activate hepatic stellate cells. The accumulated hepatic stellate cells lead to liver
fibrosis [42,43]. Sinusoidal obstruction and liver fibrosis induce increases in the hepatic
arterial flow and decreases in portal blood flow [12]. This increase in the hepatic arterial
flow produces enhanced arterial phase contrast effects—namely, hypervascularity—during
the arterial phase. The hepatic sinusoidal obstruction causes the concentration of contrast
media in dilated sinusoids and the retention of contrast media in the interstitium of hyper-
trophied fibrous tissue, which results in enhanced portal and late-phase contrast effects of
CECT [12]. From one to three months after RT, Kupffer cells show radiation damage [12].
It is thought that the irradiated surrounding liver parenchyma appears as a perfusion
defect during the PVP CEUS, which may be due to radiation damage to Kupffer cells and
hepatocytes about 4 months after RT treatment. HCC contains few Kupffer cells; thus, it
appears as a perfusion defect in the PVP CEUS even before RT. In addition, RT induces
HCC necrosis. Therefore, both the irradiated HCC and the surrounding liver parenchyma
appear as a perfusion defect during the PVP CEUS from about 4 months after RT.

In this study, 7 of the 19 cases with no local recurrence and a high AFP level before RT
showed a high AFP level that persisted 13 months after RT, even in the absence of newly
developed HCCs. At 13 months after RT, when the AFP level of HCC cases with high AFP
before RT decreased to within normal range, the sensitivity, specificity, and accuracy of
cases with no local recurrent HCC were 63.2%, 66.7%, and 63.6%, respectively. Therefore,
it may be difficult to determine whether local recurrence has occurred when using AFP.
In contrast, at 13 months after RT, when the reduction in tumor vascularity was observed
using AP SCEUS, the sensitivity, specificity, and accuracy for cases with no local recurrence
were all 100%.

In this study, we used Sonazoid as a contrast agent for CEUS. The re-injection of
Sonazoid during the PVP is useful for the detection of wash-in, wash-out HCC, which are
ill-defined by grayscale US, and locally recurrent nodules, due to the hypervascularity of
the viable HCC [32]. In the present study, tumor vascularity could be evaluated using the
re-injection of Sonazoid during the PVP. No patients in this study had complications with
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SCEUS, although one of the patients experienced an allergy to the CECT contrast agents
during follow-up. Our findings demonstrate that SCEUS is a relatively useful and safe
modality for evaluating the vascularity of HCC after RT.

There were some limitations to this study: First, the number of cases was small. Only
three cases of HCC local recurrence were included. More cases should be added, in order
to increase the reliability of the findings of HCC local recurrence and, so, a study with
a larger number of cases is needed. Second, this study was a retrospective single-center
study. In the future, a prospective multi-center study should be conducted. Third, this
study only included lesions that could be assessed by US but, in practice (depending on
the location of the tumor and the patient’s body shape), some lesions may not be assessed
by US. Fourth, in cases with HCC located near the diaphragm, we used a micro-convex
probe to evaluate the tumor vascularity and tumor size, in order to avoid interference by
the lung or ribs. The quality of images obtained by the micro-convex probe were slightly
inferior to those obtained by the convex probe. Fifth, as this study included five cases
with contraindication of CECT/CEMRI, the SCEUS findings after RT were not compared
to CECT/CEMRI findings after RT in detail. Sixth, histological proof of the lack of local
recurrence of HCCs was not obtained, due to the decrease in size or the impossibility to
punctuate for a tumor biopsy.

5. Conclusions

Based on this study, SCEUS may be useful in evaluating the efficacy of RT for HCC.
SCEUS is simple, repeatable, and non-invasive, especially for patients who are unable to
undergo CECT or CEMRI. However, follow-up periods are required for at least 13 months
after RT, in order to evaluate the presence of local HCC recurrence.
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