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Abstract

Purpose We aimed to compare contrast-enhanced ultrasound
(CEUS) with contrast-enhanced computed tomography
(CECT) for evaluating the treatment response to transcatheter
arterial chemoembolization (TACE) of hepatocellular carcino-
ma (HCC).

Materials and methods Treatment responses of 130 patients
who underwent TACE were evaluated by CEUS and CECT.
We initially compared the abilities of CEUS and CECT to
detect residual tumour, which were confirmed by histology
or angiography. Then, we compared the tumour response to
TACE assessed by CEUS and CECT, according to Modified
Response Evaluation Criteria in Solid Tumours (mRECIST).

M. Liu * M.-x. Lin * Z.-f. Xu - W. Wang - X.-y. Xie (<)
Department of Medical Ultrasonics, Sun Yat-Sen University, 58
Zhongshan Road 2, Guangzhou 510080, People’s Republic of China
e-mail: xxy1992@21cn.com

M.-d. Lu * M. Kuang
Department of Hepatobiliary Surgery, Sun Yat-Sen University, 58
Zhongshan Road 2, Guangzhou 510080, People’s Republic of China

K.-g. Zheng
Department of Radiology, Sun Yat-Sen University, 58 Zhongshan
Road 2, Guangzhou 510080, People’s Republic of China

W.-q. Zhuang
Department of Interventional Radiology, Sun Yat-Sen University, 58
Zhongshan Road 2, Guangzhou 510080, People’s Republic of China

M. Liu - M.-x. Lin * M.-d. Lu * Z.-f. Xu + W. Wang + M. Kuang -
X.-y. Xie

The First Affiliated Hospital, Institute of Diagnostic and
Interventional Ultrasound, Sun Yat-Sen University, 58 Zhongshan
Road 2, Guangzhou 510080, People’s Republic of China

@ Springer

Results The sensitivity and accuracy of detecting residual tu-

mour by CEUS vs. CECT were 95.9 % vs. 76.2 % (p<0.001)

and 96.2 % vs. 77.7 % (p<0.001), respectively. For target

lesions, 13 patients were observed as complete response

(CR) by CEUS, compared to 36 by CECT (p<0.001). For

nontarget lesions, 12 patients were observed as CR by CEUS,

compared to 22 by CECT (p=0.006). For overall response,

eight patients were observed as CR by CEUS, compared to 31

by CECT (p<0.001).

Conclusion The diagnostic performance of CEUS was supe-

rior to CECT for detecting residual tumour after TACE. In

clinical, CEUS should be recommended as an optional proce-

dure for assessing the tumour response to TACE.

Key Points

» The mRECIST are widely applied for evaluating the response
of HCC.

o Imaging method has been applied to assess the therapeutic
response to TACE.

* The diagnostic performance of CEUS was superior to CECT
for residual tumours.

* CEUS can be a valuable method for assessing tumour re-
sponse to TACE.

Keywords Contrast-enhanced ultrasound -
Contrast-enhanced computed tomography - Transcatheter
arterial chemoembolization - Hepatocellular carcinoma -
Modified Response Evaluation Criteria in Solid Tumours

Abbreviations

CEUS Contrast-enhanced ultrasound

CECT Contrast-enhanced computed tomography
TACE Transcatheter arterial chemoembolization
HCC Hepatocellular carcinoma
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mRECIST Modified Response Evaluation Criteria
in Solid Tumours

CR Complete response
PR Partial response

SD Stable disease

PD Progressive disease
IR Incomplete response
Introduction

Transarterial chemoembolization (TACE) is widely used to
treat hepatocellular carcinoma (HCC), and is recommended
as the standard treatment option for patients with large or
multifocal tumours [1, 2]. In conventional TACE protocols,
iodized oil is delivered intra-arterially to the liver tumour
[3—6]. The modified Response Evaluation Criteria in Solid
Tumours (mRECIST) are widely applied for evaluating the
response of HCC to locoregional therapies [7]. Clinical stud-
ies have shown that the mRECIST are superior to other
criteria, especially for patients treated with locoregional ther-
apies [8—12].

Contrast-enhanced computed tomography (CECT) is an
image acquisition modality recommended by mRECIST, and
a weakness of it in detecting residual tumour has been ob-
served in recent years. Shim et al. found, in CT-based evalu-
ations, that lipiodol retention showed a weaker correlation
with pathologic findings [13]. Bargellini et al. concluded that
CT overestimated tumour response to TACE [14]. The com-
plete response (CR) as assessed by CT does not reflect com-
plete necrosis of the tumour pathologically [15-17].

In recent years, contrast-enhanced ultrasound (CEUS) has
been applied to assess the therapeutic response to TACE [18].
Compared with CECT, the advantages of CEUS are less af-
fected by lipiodol retention. Ultrasound with contrast agent is
not affected by the original echogenicity of the lesion, or by
the adjacent parenchyma on greyscale ultrasound [19, 20]. On
CECT images, the iodine concentration in HCC tumour is
usually higher than in the liver parenchyma. However, the
lipiodol adopted in TACE also has a high intensity, which
increases the difficulty of differentiating the arterial
hypervascularization in the viable tumour from lipiodol depo-
sition [4]. Salvaggio et al. found that CECT was less sensitive
for detecting residual enhancement than CEUS [21]. In a
study by Minami et al., nodules that were fully filled with
lipiodol could be detected as incomplete responses by CEUS
[22]. Numata et al. found that CEUS was useful for detecting
viable tumour, and CECT could not evaluate lesions that ac-
cumulated massive lipiodol reliably [23].

The aim of this study was to compare CEUS with CECT
for evaluating the treatment response of HCC to TACE ac-
cording to mRECIST.

Materials and methods
Clinical data

This study was performed according to the guidelines of the
Helsinki Declaration and was approved by our institutional
ethics committee. Written informed consent was obtained
from all patients prior to their participation. From June 2007
to December 2013, 130 patients (122 men, eight women; age
range: 17-80 years, mean age: 53 years) with HCC, who
underwent one procedure of TACE treatment, were enrolled
retrospectively in this study. The inclusion criteria were as fol-
lows: (a) the patient was diagnosed with primary or recurrent
HCC, on the basis of guidelines for HCC management [2]; (b)
the HCC lesion was being treated with TACE for the first time;
(c) the patient was categorized as Child-Pugh class A or B; (d)
the patient’s platelet count was>50x 10°/L; and (¢) CECT and
CEUS were performed within 3 months after the first TACE for
HCC. Patients treated with other systemic or local therapies
after TACE and before the evaluation were excluded.

Table 1 presents the patients’ demographic and tumour
characteristics.

TACE procedures

All TACE procedures were performed by experienced inter-
ventional radiologists from the Department of Interventional
Radiology. After performing arteriography and portography to
confirm the lesion size and location, a microcatheter was
inserted into the feeding arteries. Each patient received
oxaliplatin (Eloxatin®, Sanofi-Aventis, France). Then, an
emulsion consisting of epirubicin (Pharmorubicin®, Pfizer,
USA) and lipiodol (Xudong Pharmaceuticals, China) was
injected through the microcatheter. The amounts of chemo-
therapy drugs and lipiodol were determined by the number,
size, and vascularity of the tumours. Embolization was per-
formed by gelatin sponge particles (Nanjing Jinling Pharma-
ceuticals, China).

CEUS examination

All patients underwent CEUS scanning within 1 month before
TACE, and again within 0.5 to 3 months after TACE. CEUS
was performed with one of three scanners: 26 patients were
scanned by an Acuson Sequoia 512 scanner (Siemens Medical
Solutions, Mountain View, CA), with a 1.0-4.0 MHz vector
probe; 13 patients were scanned by an ALOKA «10 ultra-
sound scanner (ALOKA, Tokyo, Japan), with a 1.0—
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Table 1 Patient demographics
and tumour characteristics

Abbreviation: AFP, alpha
fetoprotein

* .
Values are continuous data,

Patient characteristics Value

No. of patients 130

No. of men/women 122/8

Age” 53+12 (17-80)
No. with hepatitis B/ hepatitis C/ no hepatitis 105/2/23

No. with cirrhosis/ without cirrhosis 31/99

No. with Child-Pugh class A/B 128/2

No. with serum AFP<200 ug/L/ > 200 ug/L 74/56

No. of patients with primary tumours/ recurrent tumours 80/50

No. of patients with a single lesion/ multiple lesions 42/88

No. of patients with two lesions/ three lesions/ four lesions/ > five lesions ~ 20/22/3/43

No. of patients with one target lesion/two target lesions 42/88

No. of target lesions<50 mm/ > 50 mm 150/68

Size of target lesion (mm)” 44.0+40.5 (10.0-214.0)
No. of non-target lesions 0/1/2/> 3 62/22/3/43

presented as means=standard
deviations. Numbers in
parentheses are the ranges.

Evaluation time”

1.54+0.4 months (0.5-3.0 months)

6.0 MHz convex array probe; and 91 patients were scanned by
a Toshiba Aplio ultrasound scanner (Toshiba, Tokyo, Japan),
with a 1.0-4.0 MHz convex array probe. The operator of
CEUS was unaware of the CECT result. CEUS was per-
formed with 2.4 mL of SonoVue (Bracco, Milan, Italy) as
contrast agent. SonoVue was injected as a bolus via a 20-
gauge intravenous cannula (Venflon; Becton Dickinson, Hel-
singborg, Sweden) placed in the left antecubital vein, followed
by a 5-mL normal saline flush.

Each lesion was observed continuously for 6 minutes, in-
cluding the arterial (7-30 seconds), portal (31-120 seconds),
and late (121-360 seconds) phases throughout CEUS. During
CEUS procedures, we tried to find new lesions in the late
phase. If a lesion was found, then we performed the standard
CEUS procedure to confirm this lesion.

In the present study, before undergoing TACE, 89 patients
received additional administrations of SonoVue (range: 23
injections; median: 3 injections) for multiple lesions. Among
them, 22 patients received two injections, and 67 patients
received three injections. After TACE, 98 patients received
additional administrations of SonoVue (range: 2—4 injections;
median: 3 injections). Among them, 29 patients received two
injections, 54 patients received three injections, and 15 pa-
tients received four injections. CEUS was performed by one
of two authors (X.Y.X. or Z.F.X.), having 25 and 15 years of
experience with CEUS, respectively.

CECT examination
Patients received CECT and CEUS contemporaneously. The
interval between CECT and CEUS was less than 14 days

(range: 0—14 days, median: 1 day). No treatments were per-
formed during this interval. All patients were scanned before
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and after TACE by an Aquilion 64-slice helical CT machine
(Toshiba, Tokyo, Japan) with parameters as follows: 0.5 mm x
64 mm collimation, 120 kV, and 150-200 mAs.

The standard multiphase scan procedure was used.
An unenhanced helical sequence scan for the liver was
performed. Then, 1.5 mL/kg of iopromide (Ultravist
370, Schering, Berlin, Germany) was administered at a
rate of 4 mL/s via a 20-gauge intravenous cannula from
the antecubital vein by using a power injector (Stellant
D; Medrad, Indianola, PA). After administration of con-
trast material, CT sequences were obtained at 25-32 sec-
onds (arterial phase), 60—75 seconds (portal venous
phase), and 180 seconds (late phase).

Image analyses and response evaluation

The lesion number and size were established by analyzing
both the pre-TACE CEUS and CECT images. Lipiodol reten-
tion was evaluated from the post-TACE unenhanced CT im-
ages. CECT images were interpreted in consensus by two
authors (K.G.Z. or W.Q.Z.), both of whom had 25 years of
experience with abdominal CT interpretation. CEUS im-
ages were interpreted in consensus by two authors
(W.W. or M.X.L.), both of whom had 10 years of ex-
perience with CEUS. For each imaging modality, the
two readers independently performed the interpretations,
and they were blinded to the results of the other imag-
ing modality. Figure 1 presents a flow diagram of the
study population and response evaluation.

In step 1, for each patient, the largest pre-TACE lesion
(with diameter>1 cm) that could be clearly visualized and that
showed intratumoral arterial enhancement was selected. In
this group of patients, all selected lesions showed intratumoral
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Fig. 1 Flow diagram of the study
population and response
evaluation. Abbreviations: HCC,
hepatocellular carcinoma; TACE,
transcatheter arterial
chemoembolization; CECT,
contrast-enhanced computed
tomography; CEUS, contrast-
enhanced ultrasound; CR,
complete response; PR, partial
response; SD, stable disease; PD,
progressive disease; IR,
incomplete response

Patients with HCC undergoing one TACE procedure

between June 2007 and December 2013

(n=171)
Included Number o't excluded patients and reasons
for exclusion:
(n=130) No reference standard (n = 30)
Received more than one TACE procedure

before the evaluation (n =7)
Lost to follow-up (n = 4)

Before TACE After TACE
’ CEUS ‘ ’ CECT ‘ CEUS CECT
Target lesions | | Nontarget lesions Target Noptarget New
(maximum of | | (lesions other than lesions lesions lesions

two)

the target lesions)

CR, PR, SD, PD ‘ ’ CR, IR/SD, PD ‘ ’ YES, NO ‘

CEUS

Overall response:
CR, PR, SD, PD

Target
lesions

Nontarget
lesions

New

lesions

One or two

injections

contrast agent

of

One
injection

One

injection

@ Springer



2506

Eur Radiol (2015) 25:2502-2511

arterial enhancement. CEUS and CECT were used sep-
arately to determine whether a lesion was a residual
tumour. The presence of residual tumour was confirmed
by histological examination in 41 patients (surgical re-
section in 23 cases and biopsy in 18 cases) and by
angiographic results in 89 patients. Residual tumour
was defined as a lesion that had any viable portion
remaining after TACE in angiography. These results
were used as reference standards.

In step 2, the tumour response to TACE was separately
assessed by CEUS and CECT, according to the mRECIST.
Criteria included the target lesion response, nontarget lesion
response, appearance of new lesion, and overall response. We
chose up to a maximum of two lesions before TACE as target
lesions [7]. Based on the mRECIST, the target lesion response
was graded as follows: CR; partial response (PR); stable dis-
ease (SD); and progressive disease (PD). The nontarget lesion
response was graded as CR, incomplete response (IR)/SD, or
PD. If a new nodule had the typical vascular pattern of HCC
and with diameter>1 cm, then it was classified as a new le-
sion. Overall response was established according to tumour
responses in target and nontarget lesions with or without the
appearance of new lesions.

Statistical analysis

The residual tumour size was compared by the paired-samples
t-test. Comparisons between CEUS and CECT of detecting
the residual tumour and new lesions were analyzed by the
McNemar test. Comparisons of the target lesion, nontarget
lesion, and overall responses were analyzed by the rank sum
test. Agreement between the two imaging techniques was
measured by a kappa statistic. A value of less than 0.20
was considered a poor agreement, =0.21-0.40 was a fair
agreement, =0.41-0.60 was a moderate agreement, =0.61—
0.80 was a good agreement and =0.81-1.00 was a very good
agreement. Statistical calculations were performed by SPSS
19.0 (SPSS Inc., Chicago, USA). A p value<0.05 was con-
sidered statistically significant.

Results
Step 1: Estimation of the residual tumour by CEUS and CECT

According to the reference standard, 122 lesions were residual
tumours and eight lesions were completely necrotic tumours.
Of the 130 tumours, two lesions were located in S1, 31 in the
left liver, 84 in the right liver, and 13 lesions in both lobes of
the liver. The mean size was 57.5+41.9 mm (range: 10.0—
214.0 mm). Lipiodol deposits occupied more than 50 % of
the volume in 37 lesions and less than 50 % of the volume in
93 lesions. In the 122 residual tumours, 117 lesions and 93
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lesions were detected by CEUS and CECT, respectively. The
sensitivity, specificity, and accuracy of CEUS vs. CECT were
95.9 % (117/122) vs. 76.2 % (93/122) (p<0.001), 100 % (8/8)
vs. 100 % (8/8) (p=1.000), and 96.2 % (125/130) vs. 77.7 %
(101/130) (p<0.001), respectively.

Nine lesions were observed as completely necrotic tumours
by both CEUS and CECT (Fig. 2). Eighty-nine residual tu-
mours were detected by CEUS and CECT simultaneously
(Fig. 3). The mean size of the residual tumour portion was
50.8+35.5 mm by CEUS and 48.0+36.3 mm by CECT (p=
0.047). Twenty-eight lesions were observed as residual tu-
mours by CEUS, but not by CECT (Fig. 4). Of them, seven
lesions were located in the left liver, 17 in the right liver, and
four lesions in both lobes of the liver. The mean lesion size
was 47.0£33.6 mm. All 28 lesions were masked by a com-
plete retention of lipiodol. Four lesions were observed as re-
sidual tumours by CECT, but not by CEUS (Fig. 5). They
were located in S2 (24 mm), S7 (21 mm), S6/7
(25 mm), and S7/8 (24 mm). When the combination
of CEUS and CECT was used, one residual tumour
was missed altogether. This lesion was located in S4,
had a diameter of 14 mm, and exhibited complete re-
tention of lipiodol, but angiography could visualize
some tumour stain.

Step 2: Evaluation of tumour response to TACE by CEUS
and CECT, according to mRECIST

The target lesion response to TACE assessed by CEUS and
CECT is presented in Table 2 (p<0.001, =0.486). The CR
rate was 10.0 % (13/130) by CEUS compared to 27.7 % (36/
130) by CECT (p<0.001). Significant differences between
CEUS and CECT were found for the PR rates, but not for
the SD and PD rate (p =0.024, 0.238, and 1.000, respectively).
The kappa value indicated moderate agreement between
CECT and CEUS for evaluation of the target lesion response.

Sixty-two (62/130, 47.7 %) patients had one or two lesions,
and both were target lesions; 68/130 (52.3 %) patients had
nontarget lesions by the combination of CEUS and CECT
before TACE. The nontarget lesion response to TACE
assessed by CEUS and CECT is presented in Table 3
(»=0.003, =0.474). The CR rate was 17.6 % (12/68)
by CEUS compared to 36.8 % (25/68) by CECT (p=
0.001). CEUS and CECT differed significantly for the
IR/SD rate, but not for the PD rate (»p=0.001 and 1.000,
respectively). The kappa value indicated moderate
agreement between CECT and CEUS for evaluation of
the nontarget lesion response.

Twenty-three (23/130, 17.7 %) patients had at least one
new lesion by both CEUS and CECT. Fourteen patients had
three or more new lesions, two patients had two lesions, and
seven patients had a single lesion. The mean size of new
lesions was 18.8+£14.8 mm (10.0-31.0 mm). New lesions
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Fig. 2 Accordance of contrast-
enhanced ultrasound (CEUS)

and contrast-enhanced computed
tomography (CECT) for
evaluation of complete response
(CR) to transcatheter arterial
chemoembolization (TACE).
Completely homogeneous
lipiodol retention in the whole
tumour lesion in the arterial phase
(4) and unenhanced CT (B),
suggesting CR to TACE. CEUS
visualized no enhancement of this
lesion in the late arterial phase (C)
and portal venous phase (D),
consistent with the CECT
findings

were identified in 26/130 (20.0 %) patients by CEUS com-
pared to 27/130 (20.8 %) patients by CECT (p=1.000). Three
patients had new lesion(s) detected by CECT but missed by
CEUS, located in S2 (25.0 mm, 11.0 mm), S5 (20.0 mm), and
S8 (11.0 mm). Two patients had new lesion(s) detected by
CEUS but missed by CECT, located in S1 (18.0 mm), and
the right liver (multiple, 10.0—15.0 mm). In one patient with

Fig. 3 Accordance of contrast-
enhanced ultrasound (CEUS)
and contrast-enhanced computed
tomography (CECT) for
evaluation of residual tumour
after transcatheter arterial
chemoembolization (TACE).

In the arterial phase of CECT (A4),
there was a small peripheral
enhancing nodule in the
anteromedial region of the treated
lesion (black arrow), and the
unenhanced CT scan showed a
small mass of lipiodol inside the
lesion (B), which suggested a
residual portion. The arterial
hyperenhancement of the whole
lesion (black arrow) was
observed on the CEUS images of
the arterial phase (C) and with
wash-out in the portal venous
phase (D)

one new lesion in S1, the CECT image confused the lesion
with a hepatic portal lymph node. In another patient with
multiple new lesions, the new lesions were all smaller than
1 cmin size on the CECT image; therefore, these lesions could
not be diagnosed as new HCC lesions.

The overall response to TACE assessed by CEUS and
CECT is presented in Table 4 (p<0.001, =0.534). The CR

@ Springer
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Fig. 4 Arterial phase of contrast-
enhanced computed tomography
(CECT) scan (4) showing
complete retention of lipiodol

in the lesion without arterial
enhancement compared to the
nonenhanced CT (B), suggesting
a complete response (CR) to
transcatheter arterial
chemoembolization (TACE).

In the arterial phase of the
contrast-enhanced ultrasound
(CEUS) image (C), the same
lesion shows a rim
hyperenhancement (black arrow),
with wash-out (black arrow) in
the portal venous phase (D). This
part is considered to be a residual
tumour after TACE

rate by CEUS was 6.2 % (8/130) compared to 23.8 % (31/130)
by CECT (p<0.001). CEUS and CECT differed with respect
to the PR rates, but not for the SD and PD rate (p=0.014,
0.180, and 1.000, respectively). The kappa value indicated
moderate agreement between CECT and CEUS for evaluation
of the overall response.

Fig. 5 In the arterial phase of
contrast-enhanced computed
tomography (CECT) (4), there
was a small peripheral enhancing
nodule in the upper region of the
treated lesion (black arrow), with
wash-out (black arrow) in the
portal venous phase (B), this
lesion was considered to be a
residual tumour after transcatheter
arterial chemoembolization
(TACE). The same lesion with
ill-defined margins (black arrow)
was shown in the B-mode
ultrasound (C), and with no
enhancement (black arrow)

in the late arterial phase of
contrastenhanced ultrasound
(CEUS) (D), suggesting

a complete response (CR)

to TACE

@ Springer

Discussion

In the current study, CEUS detected significantly more resid-
ual tumours than CECT; these were verified by the reference
standard. All of 28 residual tumours had massive accumula-
tions of lipiodol. CEUS was sufficiently sensitive to detect the
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Table 2  Target lesion response Table 4  Overall response
CECT CECT
CR PR SD PD Total CR PR SD PD Total
CEUS CR 9 2 0 13 CEUS CR 5 1 1 1 8
PR 23 34 1 61 PR 22 26 2 3 53
SD 2 10 35 0 47 SD 1 9 27 0 37
PD 2 0 1 6 9 PD 3 1 1 27 32
Total 36 46 41 7 130 Total 31 37 31 31 130

»<0.001, =0.486, 95 % CI: 0.427-0.545

Abbreviations: CECT, contrast-enhanced computed tomography; CEUS,
contrast-enhanced ultrasound; CR, complete response; PR, partial re-
sponse; SD, stable disease; PD, progressive disease

blood supply to these lesions, but CECT did not detect blood
supply to these lesions. This finding is consistent with reports
in previous studies [22—24]. Four residual tumours could not
be detected by CEUS, but were detected by CECT. Among
these lesions, two were in subcapsular locations covered by
the diaphragm, an area that was difficult to access with the
ultrasound transducer. Additionally, one lesion was consid-
ered to be a cirrhotic nodule because of its characteristic iso-
enhancement in the three phases of CEUS. Another lesion was
one of multiple HCC lesions and, although the contrast agents
were repeatedly administered, the lesion did not show arterial
enhancement. CEUS seemed to be more accurate to detect the
blood supply of a tumour, even with massive lipiodol accu-
mulations; however, CECT was superior to CEUS in detecting
multiple lesions and lesions located in the subcapsular region.

According to mRECIST, the CR rate of the target lesion
assessed by CECT was obviously higher than by CEUS, and
the PR rates assessed by CECT were lower than by CEUS.
The same results were observed for the nontarget lesions. On
CECT imaging, if a target or nontarget lesion was completely
filled with lipiodol, then it was considered as a CR. Given that
lipiodol retention can affect the CECT results, as verified in
the previous part of the current study and other studies
[13—15], some PR cases may be misjudged as CR cases by

Table 3  Nontarget lesion response

CECT
CR IR/SD PD Total
CEUS CR 11 1 0 12
IR/SD 14 40 1 55
PD 0 0 1 1
Total 25 41 2 68

p=0.003, =0.474, 95 % CI: 0.371-0.577

Abbreviations: CECT, contrast-enhanced computed tomography; CEUS,
contrast-enhanced ultrasound; CR, complete response; IR, incomplete
response; SD, stable disease; PD, progressive disease

»<0.001, =0.534, 95 % CI: 0.480-0.588

Abbreviations: CECT, contrast-enhanced computed tomography; CEUS,
contrast-enhanced ultrasound; CR, complete response; PR, partial re-
sponse; SD, stable disease; PD, progressive disease

CECT. Ofthe CR cases judged by CECT, 27 target lesions and
11 nontarget lesions could be visualized with some residual
enhancement by CEUS. Thus, CECT underestimates the pres-
ence of persisting tumour after TACE with Lipiodol.

CEUS and CECT exhibited similar abilities to detect new
lesions. However, CEUS still missed three patients with new
lesions that were detected by CECT, whereas CECT missed
two patients with new lesions that were detected by CEUS.
These findings indicate that the combined use of CEUS and
CECT to detect new lesions is superior to using either imaging
approach alone.

Although CEUS and CECT showed equivalent detection
rates of new lesions, the overall response rates were different,
especially the CR rates. High CR rates for the target and non-
target lesions resulted in a high overall tumour response. In
this group of patients, the CR rate of the overall response
assessed by CECT was high; consequently, the need for addi-
tional treatments for patients was decreased. From the results
of step 1, the main pitfall of CECT was misjudgment of resid-
ual tumour as a completely necrotic tumour (CR tumour), but
CECT was still valuable for the assessment of PD cases.

CEUS is an operator-dependent imaging technology [25].
It has some other limitations, such as being affected by the
tumour location and acoustic window [26, 27]. Additionally,
ultrasound detection of liver lesions can be challenging in
patients with lesions covered by the lung or diaphragm, and
in patients with obesity, meteorism, or cirrhosis. In the present
study, two patients had residual tumours located under the
diaphragm that were undetected by CEUS. Furthermore, most
patients had more than one lesion. They required additional
doses of contrast agent to ensure that no lesions were missed
and to clarify the character of each lesion. In earlier studies,
lesion multiplicity was the main assessment challenge for
CEUS [22, 27].

Limitations of the study design included its retrospective
nature, dependency of operator skill and the need for addition-
al patient follow-up to provide long-term survival data. We
selected only patients with positive hyper-enhancing CEUS,
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and this limitation made some patient selection bias. Further-
more, in this study, the most common reference standard was
angiography; however, angiography has relatively low sensi-
tivity for detecting small residual tumour after TACE [28].
However, in the literature, angiography is generally used as
a reference standard in HCC treated with TACE [21, 29].

In conclusion, the diagnostic performance of CEUS was
superior to CECT, and CEUS seemed to be more sensitive
and accurate to detect residual tumour after TACE, especially
for the tumour completely filled with lipiodol. As CEUS is a
radiation-free, well-tolerated and convenient method, it
should be recommended as an optional procedure for
assessing the tumour response to TACE in clinical. Further
studies with larger samples are needed to validate these
findings.
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