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ARTICLE INFORMATION AIM: To evaluate whether elastic (stiffness) characteristics of tumours were associated with
treatment responses and survival of patients with hepatocellular carcinoma (HCC) treated with
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Received 30 October 2018 MATERIALS AND METHODS: A retrospective cohort study of 59 HCC patients with unre-

Accepted 16 July 2019 sectable HCC who underwent TACE was undertaken. Acoustic radiation force impulse imaging

(ARFI) was used to measure tissue stiffness of the index tumours and non-tumoural liver
before TACE treatment. The correlation between the parameters of tumour stiffness and
treatment response to TACE was assessed using mRECIST criteria as well as according to patient
survival.

RESULTS: Tumour stiffness and its stiffness difference between tumour and non-tumoural
liver were significantly associated with tumour response to TACE (p=0.019 and 0.010,
respectively). Patients with tumour stiffness of <2 m/s or stiffness difference between tumour
and non-tumoural liver of <0.5 were more likely to have treatment response to TACE. Uni-
variate analysis showed that the difference in stiffness between tumour and non-tumoural
livers (p=0.039) was one of the significant predictors of overall survival (OS). In multivariate
analysis, alpha-fetoprotein (AFP) (p=0.006) and Barcelona Clinic Liver Cancer (BCLC) stage
(p=0.017) were identified as independent predictors of survival.

CONCLUSION: Tumour stiffness characteristics might be an added predictive marker of
treatment response to TACE in patients with HCC.
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Introduction

Conventional transarterial chemoembolisation (TACE) is
a well-established treatment for unresectable hepatocellu-
lar carcinoma (HCC)." Randomised clinical trials have
showed that TACE improves the survival of patients with
unresectable HCC??; however, some patients cannot ach-
ieve similar benefit from TACE.

Early prediction of tumour response is paramount for
identification of treatment failure as well as for guidance of
future therapy, e.g. repeating or stopping TACE or receiving
combined treatment.* In actual clinical practices, reduced
tumour enhancement on contrast-enhanced computed to-
mography (CT) or magnetic resonance imaging (MRI) at 1-3
months after TACE typically indicates tumour response to
treatment. Intra-procedural C-arm CT performed during
TACE has recently emerged for prediction of early tumour
response.” Clinical information, pretreatment imaging
characteristics of HCC, or dynamic changes of alpha-
fetoprotein (AFP) have also been reported as predictive
markers for tumour response to TACE®’; however, there is
no widely accepted and reliable method for predicting early
therapeutic response to TACE.

Acoustic radiation force impulse imaging (ARFI) is a
novel, non-invasive method used to assess tissue stiffness
indicated by quantitative measurement of propagating
mechanical shear waves in biological tissues.® Increased
liver stiffness has been associated with HCC incidence, liver-
related events, complications after hepatectomy, and
tumour recurrence after treatment.’”'> Moreover, evalu-
ating the stiffness characteristics of focal liver lesions can
help differentiate between benign and malignant liver le-
sions.”>!* Magnetic resonance elastography (MRE) has
recently been used to measure liver tumour stiffness. Ac-
cording to basic research, increased matrix stiffness pro-
motes cell proliferation, chemotherapeutic resistance, and
tumour progression of HCC.”~'7 Because tumour stiffness
can be used to differentiate benign and malignant liver le-
sions, whether this biophysical property of tumours could
predict treatment response to chemoembolisation has not
yet been fully elucidated.

Therefore, this study aimed to assess whether tumour
stiffness characteristics were associated with tumour re-
sponses to TACE and patient survival after treatment.

Materials and methods
Patients

This retrospective study was approved by the Institu-
tional Review Board. Because of its retrospective nature, the
need for patients’ informed consent was waived. The in-
clusion criteria comprised (1) patient with a HCC diagnosis
via liver biopsy or typical radiologic appearance; (2)
treatment-naive patients who underwent TACE as a first-
line therapy between June 2014 and May 2015; (3) pre-
served liver function with Child—Pugh grade A or B7; (4)
performance status of 0—2; (5) patients who underwent
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ARFI examinations before TACE treatment. The exclusion
criteria were (1) diffuse- or infiltrative-type HCC with
poorly demarcated borders; (2) distance between the lesion
and skin of >8 cm; and (3) lesions obscured by bowel gas or
obesity. When measuring ARFI, the patient was instructed
to hold their breath for a moment. ARFI acquisitions failed
in two patients due to obesity and difficulty in breath
holding. Based on these criteria, the final study population
included 59 patients. From a prospectively maintained HCC
database, variables related to patient demographics; clin-
ical, laboratory, and tumour characteristics; and survival
data of each patient were retrieved.

ARFI assessment

One radiologist (with 8 years of experience) performed
all ultrasound examinations and was blinded to the infor-
mation on patient selection and clinical treatment. ARFI was
performed in the index lesion targeted for TACE treatment.
The tumours were located within an 8-cm distance from the
transducer. Siemens Acuson S2000 ultrasound device
equipped with ARFI imaging and a 1-4 MHz curved array
transducer (4 C1) was used. After performing a conven-
tional greyscale ultrasound to show the target lesion, virtual
touch tissue quantification (VTQ) was performed to obtain
the quantitative stiffness involving the selection of regions
to measure elastic properties using a selected region of in-
terest (ROI) by placing a “measuring box” set at 10x6 mm
within the lesion (Fig 1). In regard to the larger tumours (>3
cm in diameter), the ROI analysis for stiffness measure-
ments was conducted on the peripheral tumour region to
prevent the potential impact of necrosis. VTQ measures the
shear-wave velocity (SWV, expressed in metres per second)
in the ROI of lesions and non-tumoural livers at least four
times each. ROI of non-tumoural liver was placed at least 2
cm from the focal lesion and at the similar depth as in the
previous ROI of the focal lesion to the transducer, excluding

Vs=2.47 m/s
Depth=5.3 cm

Figure 1 Measurements of acoustic radiation force impulse imaging
(ARFI) for a tumour.
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any vessels or biliary structures. If invalid readings of SWV
values (X.XXX) appeared due to poor ROI positioning or
patient movement, measurements were repeated until the
required numbers of valid values were obtained. The stiffer
the tissue, the faster the shear waves propagate. Data are
expressed as the means of four SWV values.

TACE procedure

As previously described, TACE procedures were per-
formed according to institutional protocol.'®!”

Treatment response

Patients were followed at the outpatient clinic. The
treatment response was evaluated by a dynamic contrast-
enhanced CT or MRI at 1-3 months after the initial treat-
ment. Response was assessed using modified Response
Evaluation Criteria in Solid Tumours (mRECIST) criteria by
measuring the longest enhancing dimension on the arterial
phase axial images and graded as complete response (CR) of
no arterial enhancement in the treated tumour, partial
response (PR) of 30% size reduction of the viable lesion,
progressive disease (PD) of 20% size increase of the viable
lesion, and stable disease (SD) if neither PR or PD criteria
were met. Responder means CR or PR, and non-responder
includes SD or PD.

Statistical analysis

All data analyses were performed using SPSS 19.0 (IBM,
Armonk, NY, USA). The Fisher exact test was used to assess
the potential association between clinicopathological vari-
ables and treatment response. Receiver operator curve
analysis was performed to evaluate the association between
clinicopathological characteristics and treatment response
using a treatment—response model by comparing re-
sponders with non-responders. OS was defined as the in-
terval of time from the date of first TACE to the date of death
from any cause, last follow-up evaluation, or data censoring
(31 March 2017). Kaplan—Meier analysis was used to
generate survival curves that were compared using the log-
rank test. Cox proportional hazard regression model was
conducted to identify any independent predictors. A p<0.05
was considered statistically significant.

Results
Patient demographics

Among the 59 patients included in the present study
(Table 1), 50 were men and nine were women, with the
median age of 58 (interquartile range [IQR], 50—61) years.
Forty-four (44/59, 74.6%) of them were positive for hepatitis
B virus surface antigen and two (2/59, 3.4%) were positive
for hepatitis C virus antibody. Serum AFP values were
normal in 15 patients and >400 ng/ml in 30. Solitary lesions
were found in 33 patients, two or three in 15 patients, and
four or more in 11 patients. In the case of multiple tumours,
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Table 1
Baseline characteristics of the patients.

Variables All patients (n=59)
Age (years)® 58 (50—61)
Gender (male/female) 50/9

BCLC (positive/negative) 44/15

HCV antibody (positive/negative) 2/57

Albumin (g/1)* 39 (34—-40)

Bilirubin (pmol/1)* 12.8 (9.3—18.2)

GGT (1U/1)* 122 (56.0—201.0)
ALT (IU/1)? 45 (31-67)
AST (1U/1)? 59 (44—95)

Platelet (x10%/1)
Prothrombin time (s)? 13.0 (12.3—-13.6)
AFP (ng/ml)? 416.0 (18.1-2675.0)
Child—Pugh grade (A/B) 54/5

150 (75—154)

Tumour size, diameter of largest tumour (cm)* 7.0 (4.0—10.0)
Tumour number (1/2/3/>4) 33/9/6/11
TACE sessions® 2(1-3)

BCLC stage (A/B/C) 10/36/13

HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; AFP, alpha-
fetoprotein; TACE, transarterial chemoembolisation; BCLC, Barcelona Clinic
Liver Cancer; ALT, alanine transaminase; AST, aspartate transaminase; GGT,
gamma glutamyl transpeptidase.

2 Values are medians, with interquartile ranges shown in parentheses.

the largest tumour targeted during treatment was consid-
ered the index lesion. Median tumour size was 7 (IQR, 4—10)
cm. Thirteen patients had first- or second-order branch
portal vein tumour thrombus (PVTT). In real-world clinical
practice, TACE is often conducted to treat HCC patients with
PVTT in the Asia—Pacific region, albeit it is not recom-
mended in these patients according to the BCLC staging
system. Most patients had good liver function at the time of
treatment, with 54 patients having Child—Pugh A and five
having Child—Pugh B. Tumour stages were BCLC stage A in
10 patients, stage B in 36, and stage C in 13.

The follow-up period ranged 2—33 months, with a me-
dian of 7 months. The mean OS time was 23.6 months (95%
confidence interval [CI]: 19.6—27.7 months). Fourteen pa-
tients died during the study period, which consisted of 12
patients who died of cancer and two who died of hepatic
failure. In total, 124 TACE sessions (median, two sessions;
IQR, 13 sessions per patient) were performed. The most
common complication was post-embolisation syndrome
after TACE. No major complications were encountered.

Association between tumour stiffness characteristics and
tumour response

According to the mRECIST criteria, four patients had CR,
31 had PR, 20 patients had SD, and four patients had PD
after TACE treatment. For the 59 index lesions evaluated by
ARFI, HCC stiffness was significantly higher than that of the
corresponding non-tumoural liver (mean value, 2.47+0.88
versus 1.88+0.55 m/s, p<0.001; Fig 2). A significant asso-
ciation was observed between tumour stiffness and tumour
response (CR and PR) to TACE (p=0.019, area under receiver
operator curve, AUROC, 0.682; 95% CI: 0.543—0.820; Fig 3),
with higher tumour response rates among patients who
had tumour stiffness value of <2 m/s (p=0.014, Table 2);



814.e4

Stiffness (m/s)

Tumor Background Liver

Figure 2 Stiffness of tumour and background liver.

however, there was no significant correlation between the
stiffness of non-tumoural livers and treatment response
(p=0.371). Remarkably, the stiffness difference between
tumour and non-tumoural livers was statistically signifi-
cantly associated with tumour response (p=0.010, AUROC,
0.699; 95% CI: 0.560—0.839; Fig 3). Patients with the stiff-
ness difference between tumour and non-tumoural liver of
<0.5 were more likely to have positive treatment response
to TACE (p=0.007, Table 2). In addition, in patients with a
low-degree cirrhosis (using the median stiffness of non-
tumoural livers as the cut-off value), the stiffness differ-
ence between tumour and non-tumoural livers was statis-
tically significantly associated with tumour response
(p=0.024, AUROC, 0.742; 95% CI: 0.548—0.936); however,
the stiffness difference between tumour and non-tumoural
livers was not significantly associated with tumour
response (p=0.383, AUROC, 0.603; 95% CI: 0.388—0.818) in
patients with high-degree cirrhosis. This suggests that the
difference between tumour and non-tumoural livers can
predict tumour response in patients with low-degree
cirrhosis.

Tumour size was also a statistically significantly associ-
ated with tumour treatment response (p=0.005, AUROC,
0.718; 95% CI: 0.584—0.852; Fig 2). Mean tumour size
among patients who responded to TACE was 6.2+3.5 cm,
which was significantly smaller than those with mean

1.0

— Tumor stiffness

— Stiffness difference
Tumor size

~ Reference line
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Figure 3 ROC analysis of tumour stiffness, stiffness between tumour
and background liver, and tumour size to discriminate between
tumour response (CR + PR) and a non-tumour response (SD + PD) to
TACE.
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Table 2
Tumour stiffness or stiffness difference between tumour and background
liver was associated with tumour response.

Variable Tumour response Non-tumour response p-Value
Tumour stiffness (m/s)

<2 17 4 0.014
>2 18 20

Stiffness difference between tumour and background liver

<0.5 25 8 0.007
>0.5 10 16

tumour size of 943.7 cm among the patients who did not
respond to TACE.

Tumour size was also not significantly correlated with
tumour stiffness (r=0.205, p=0.120) and with stiffness dif-
ference between tumour and background livers (r=0.201,
p=0.127).

Association between tumour stiffness characteristics and
survival

Using univariate analyses, alanine transaminase (ALT),
aspartate transaminase (AST), gamma glutamyl trans-
peptidase (GGT), tumour size, BCLC stage, stiffness differ-
ence between tumour and non-tumoural liver (p=0.039)
were significant predictors of OS; however, tumour stiffness
was not associated with OS (p=0.52; Table 3). In the
multivariate analysis, neither tumour stiffness nor stiffness
difference between tumour and non-tumoural livers was
associated with patient OS, whereas AFP (p=0.006) and
BCLC stage (p=0.017) were identified as independent pre-
dictors of OS.

Discussion

Early prediction of tumour response is an important
guide for future therapy in order to facilitate communica-
tion between physicians and their patients. In addition, it
will help select patients who are appropriate for the TACE
treatment. In this study, tumour stiffness value was iden-
tified as an additional predictive marker for treatment
response to TACE in patients with HCC. Tumour stiffness
might also be used as a marker for early treatment response
to TACE. Therefore, tumour stiffness characteristics as
additional pretreatment information might be useful in
selecting patients with HCC who are suitable for TACE. The
present findings might have clinical implications in
improving the outcome of TACE.

TACE is the mainstay treatment for patients with unre-
sectable HCC??; however, the prognosis of patients treated
by TACE greatly varies due to the patient and tumour het-
erogeneity.”’?? In particular, tumour heterogeneity is an
important biomarker for tumour response to treatment,
such as genomic inhomogeneity, cellularity, angiogenesis,
and extracellular matrix at a microscopic level.®?*?* The
number of studies quantifying tumour heterogeneity and its
association with treatment responses has been
increasing.®** Aside from traditional criteria (e.g., tumour
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Table 3
Univariate and multivariate analyses of variables associated with survival of the patients after TACE.
Variable Univariate Multivariate
Hazard ratio (95% CI) p-Value Hazard ratio (95% CI) p-Value

Age 0.972 (0.918—1.030) 0.343

Gender 0.598 (0.165—2.169) 0.434

HBsAg 0.604 (0.135—2.707) 0.510

Albumin 1.400 (0.445—4.400) 0.565

Bilirubin 1.023 (0.964—1.086) 0.450

GGT 1.003 (1.000—1.006) 0.057

ALT 1.010 (1.001-1.020) 0.039

AST 1.011 (1.002—1.020) 0.018

Platelet 1.003 (0.998—1.009) 0.205

Prothrombin time 0.993 (0.658—1.499) 0.974

AFP 1.000 (1.000—1.000) <0.001 1.000 (1.000—1.000) 0.006
Tumour size 1.253 (1.074—1.463) 0.004

Tumour number 0.983 (0.650—1.487) 0.935

Tumour stiffness 1.605 (0.909—2.832) 0.103

Stiffness of non-tumoural liver 0.729 (0.277—1.924) 0.524

Stiffness difference between tumour and non-tumoural liver 1.936 (1.034—3.625) 0.039

BCLC stage 0.003 0.017
A versus C 0.040 (0.004—0.376) 0.005 0.066 (0.006—0.671) 0.022
B versus C 0.175 (0.053—0.574) 0.004 0.204 (0.059—-0.709) 0.012

HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; AFP, alpha-fetoprotein; TACE, transarterial chemoembolisation; BCLC, Barcelona Clinic Liver Cancer;

ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma glutamyl transpeptidase.

size), pre-therapy imaging characteristics, such as
tumour vascularity, perfusion, and contrast-enhan-
ced texture analysis, have been reported as ear-
ly imaging markers for treatment response.>*?>2°
Previous studies have suggested that tumour enhance-
ment on CT is associated with treatment response after
chemoembolisation. With the use of quantifying tumour
blood flow features, Reis et al.° reported that tumour het-
erogeneity and arterial phase enhancement were predictive
markers for treatment response to drug-eluting bead che-
moembolisation in patients with HCC. Different from these
studies, the present study showed that tumour stiffness
characteristics and biophysical tumour properties could be
considered as a predictive marker for treatment response in
patients with HCC treated by TACE.

Liver stiffness has been associated with HCC incidence,
liver-related events, or tumour recurrence after
treatment.”’?° In contrast, tumour stiffness evaluated by
ARFI is useful not only to distinguish benign and malignant
liver lesions,® but also help detect recurrent HCC after
radiofrequency ablation treatment.'%'2 Moreover, in a
recent study, Gordic et al.’! reported that tumour stiffness
measured with MRE was correlated tumour enhancement
and necrosis in HCC patients treated with locoregional
therapies. The present study provided additional pretreat-
ment information that tumour stiffness characteristics
might predict the treatment response to TACE in patients
with HCC, which could help select the distinct subgroup of
patients who are suitable for TACE treatment to yield a
better survival outcome. Low pretreatment tumour stiffness
values of tumours might commonly predict better out-
comes. Tumour stiffness characteristic could be used to
classify HCC lesions that are responding or not to treatment.
Patients with tumour stiffness of <2 m/s or stiffness dif-
ference between tumour and non-tumoural liver of <0.5

might more likely result in better treatment response (CR or
PR) to TACE. If HCC patients with high tumour stiffness
might be less likely to respond to TACE, an alternative
therapy such as combined with ablation, radiation, or sor-
afenib could be planned. Therefore, tumour stiffness char-
acteristic might be a new non-invasive assessment method
of tumour response to TACE.

Tumour stiffness (elasticity) is associated with tumour
cellularity, tumour grade, vascularity, and necrosis,>"*
which reflects tumour biology and is of great clinical
importance. Ling et al.>* found that higher tumour stiffness
was observed in hypervascular and poorly differentiated
HCC than that in hypovascular and moderately to well-
differentiated lesions. On the contrary, one report demon-
strated that tumour stiffness appeared to be higher in
moderate/well differentiated HCC.>? Esser et al.>* showed
that the higher the tumour stiffness in HCC, the larger the
tumour. Higher tumour stiffness before treatment is
significantly associated with tumour recurrence after the
locoregional treatment or surgical resection.’>>° This may
explain the present findings that tumour stiffness could
influence treatment response to TACE. Furthermore,
reduced tumour stiffness after treatment has been report-
edly correlated with tumour necrosis extent,’! providing
early evidence for a therapeutic response.

In the present study, AFP and BCLC stage were identified
as independent factors influencing patient survival in
multivariate analyses; however, either tumours stiffness or
its stiffness difference between tumour and non-tumoural
liver was not associated with patients’ OS. This result can
be validated in future studies.

This study has several limitations. First, the major limi-
tation is an uncontrolled retrospective analysis in a small
number of patients. Measured and unmeasured con-
founders may be present. Therefore, it is susceptible to
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various biases, which may compromise the conclusion. The
present findings should be further validated and explored.
Second, tumour response was evaluated based on an index
lesion, not on a patient basis. This could lead to an over-
estimation of tumour response after TACE. Third, ARFI im-
aging (point-SWE) was used, involving a single acoustic
impulse to induce a shear wave within a small ROI (~1x0.6
cm). The size of the ROI did not cover the entire tumour;
therefore, it may not reflect the heterogeneity of the entire
tumour. In other words, tumour heterogeneity (inhomo-
geneous tissue) leads to different levels of stiffness in
various tumour regions, and stiffness measurement in the
HCC ROI may not be representative and reproducible of the
full extent of stiffness variation within a tumour. These
weaknesses limit the power of the study.

In conclusion, the present study suggests that tumour
stiffness characteristics quantified by ARFI analysis might be
an added predictor of HCC treatment response to TACE.
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