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Abstract

Purpose To evaluate whether response based on contrast-
enhanced magnetic resonance imaging (MRI) and apparent
diffusion coefficient (ADC) change at diffusion-weighted
MRI after transarterial radioembolization (TARE) can
predict survival, in patients with prior transarterial
chemoembolization with drug-eluting beads (DEB-TACE)
for hepatocellular carcinoma (HCC).

Methods We identified all patients who received DEB-
TACE prior to TARE for HCC between 2007 and 2016.
Response on MRI was determined by modified RECIST
(mRECIST) and ADC change relative to pre-TARE
imaging (ADCratio). Kaplan—-Meier and log-rank tests
were used to correlate the response/disease and treatment
variables to overall survival. Multivariable Cox regression
models were used to correct for confounders.

Results A total of 29 consecutive patients were included.
Univariable analysis showed that response determined by
mRECIST was a nonsignificant predictor of survival
(p = 0.057), and response determined by ADCratio was a
significant predictor of survival (p = 0.011). Number of
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prior DEB-TACE procedures (p = 0.037), female gender
(»p < 0.001) and BCLC C (p = 0.03) were related to worse
survival. The number of prior DEB-TACE procedure was
significantly higher in non-responders determined by
ADCeratio (p = 0.028). Multivariable analyses showed that
response based on ADCratio was an independent predictor
of survival (p = 0.041).

Conclusion ADCratio following TARE is an independent
predictor for survival in patients who previously underwent
DEB-TACE for HCC.

Keywords Radioembolization - Chemoembolization -
Magnetic resonance imaging - Diffusion-weighted
imaging - Survival analysis - Follow-up studies

Introduction

The choice of treatment for hepatocellular carcinoma
(HCC) depends mainly on the extent of disease and the
preserved liver function [1]. Transarterial chemoem-
bolization (TACE) is the most widely used locoregional
treatment for patients with unresectable HCC. In the recent
years, TACE with drug-eluting beads (DEB-TACE) has
become a widely used alternative to conventional TACE
(cTACE) with at least an equal efficacy and toxicity profile
[2, 3]. Transarterial radioembolization (TARE) is an
emerging interventional treatment that could be comple-
mentary or an alternative to TACE [4] and could be an
alternative to kinase inhibitors like sorafenib in patients
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with a portal vein thrombosis or used as a salvage treatment
following chemoembolization [5, 6].

Intra-arterial therapies, like TACE and TARE, cause
acute tumor necrosis. Therefore, anatomic changes lag
behind functional changes and traditional imaging response
criteria based on tumor size, like World Health Organiza-
tion (WHO) and Response Evaluation Criteria in Solid
Tumors (RECIST) are unreliable when evaluating response
to intra-arterial therapies. Imaging response criteria looking
at changes in tumor enhancement after TACE, like modi-
fied RECIST (mRECIST) and European Association for
Study of the Liver (EASL), have shown superior associa-
tion with survival compared to RECIST [7-9]. Diffusion-
weighted (DWI) magnetic resonance imaging (MRI)
measures microscopic mobility of free water molecules to
assess the degree of cellularity of tissues and can be
quantified by apparent diffusion coefficient (ADC) [10].
There are positive data on the potential use of DWI in
treatment response assessment of intra-arterial therapies in
patients with HCC [11, 12]. However, it is unknown
whether DWI and contrast-enhanced MRI can be used as
response parameter in patients with one or more prior intra-
arterial therapies for HCC.

In our institution patients with unresectable HCC and a
preserved liver function receive DEB-TACE as first-line
treatment. When patients are refractory (unresponsive) to
TACE, the intra-arterial therapy can be switched to TARE
(Figs. 1, 2) [13].

The aim of the study is to evaluate whether response
determined on contrast-enhanced MRI (mRECIST) or by
ADC change at DWI MRI after TARE are a predictor for
overall survival, in patients who have previously under-
gone DEB-TACE for unresectable HCC. Our hypothesis is
that ADC change a DWI MRI is the best response
parameter in this patient population.

Materials and Methods
Study Design

This study was approved by the ethics committee of the
hospital. All patients treated at the interventional radiology
suite are prospectively registered in a database. A retro-
spective study was conducted by querying this database to
identify all patients who received one or more sessions of
DEB-TACE prior to TARE for HCC in the period
2007-2016. The diagnosis of HCC was confirmed by
means of the accepted radiologic findings as described by
the EASL [14]. Patients without prior or post-TARE MRI
were excluded from analysis.

All included patients underwent baseline assessment
prior to TARE that included laboratory tests to evaluate the

liver function and «-fetoprotein level. The HCC etiology,
Child—Pugh classification, Barcelona clinical liver cancer
(BCLC) classification, model of end-stage liver disease
(MELD) score, data on the amount of prior DEB-TACE
treatments and other prior treatments for HCC were col-
lected form the hospital’s patient information system. The
tumor staging was determined on the MRI examinations
prior to the mapping angiogram.

Transarterial Chemoembolization (TACE)

Details of the TACE procedures have been described pre-
viously [15]. Briefly, TACE is performed with doxorubicin
loaded superabsorbent polymer (SAP) microspheres
(HepaSphere Microspheres Merit Medical Systems, South
Jordan, Utah) in a dedicated interventional angiography
suite. One vial of 25-mg dry microspheres with a nominal
dry diameter of 50-100 pm was mixed with the prescribed
dose of doxorubicin. The standard doxorubicin dose was
50-75 mg/m?, reduced to 25 mg/m? in case of elevated
bilirubin or cytopenia. Depending on the number and dis-
tribution of the HCC lesions, the drug-eluting beads were
infused via superselective infusion of the feeding artery,
lobar infusion or bilobar infusion. The treatment end point
was either the delivery of the full calculated dose or
sluggish flow in the feeding artery. Patients who were
refractory to TACE were defined as those showing no
response or progressive disease according to modified
RECIST [8] or ADC ratio [9] at 1 month post-treatment
MRI.

Transarterial Radioembolization (TARE)

Patient eligibility for TARE following DEB-TACE was
determined in a multidisciplinary team and was based on
patient approval, performance status, disease course, hep-
atic artery vessel patency and response to prior procedures.
The interventional radiologic technique for TARE was
performed according to previously published guidelines
and technical angiographic reviews [16, 17]. In summary,
the TARE procedure was performed with the use of resin
Yttrium-90 microspheres (SIR spheres, Sirtex Inc, Cos-
grove, Australia), after a positive angiographic work-up.
Depending on the work-up results and the number and
distribution of the HCC lesions, the resin microspheres are
infused via superselective infusion of the feeding artery,
lobar infusion or bilobar infusion. Bilobar TARE proce-
dures were performed in one or two sessions, depending on
the patient’s liver function.
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Fig. 1 MRI before and after
TARE in a patient without
treatment response. Patient with
multifocal HCC treated with
TARE after DEB-TACE.
Pretreatment MRI (A-

C) showing HCC in the left lobe
with peripheral nodular
enhancement at arterial phase
(white arrows in A),
hyperintensity at b1000 DWI
(ROI in B) and ADC of
0.00137 mm®/s (RO in C).
Post-treatment MRI (D-

F) shows loss of peripheral
contrast enhancement at arterial
phase (white arrows in A),
persistent hyperintensity at
b1000 DWI (ROI in B)
corresponding to an ADC of
0.00145 mm?/sec (ROI in C).
The percentage of ADC change
was 6% indicating lack of
response by DWI

Response Assessment

Baseline and post-procedural MRI was mainly conducted
with 3T MRI (Ingenia, Philips, Best, The Netherlands) and
to a lesser extent with a 1.5 T MRI (SonataVision, Siemens
Erlangen, Germany; Ingenia, Philips, Best, The Nether-
lands) with a combined six-channel body and spine phased-
array coil. The protocol consisted of a precontrast T2,
precontrast T1, precontrast in/out phase, precontast DWI
and a post-contrast T1 summarized in Table 1. Each single
patient received baseline and follow-up scan at the same
field strength in order to avoid interpretation error in
response assessment.

Response on imaging was assessed by an abdominal
radiologist (V.V., with 13 years of experience). The radi-
ologist was blinded to patients’ clinical and biochemical
information. A maximum of two target lesions was chosen
for response assessment. For all response assessment
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criteria, in addition to measurements of target lesions, the
possible disappearance, persistence, growth or unequivocal
appearance of nontarget lesions was taken into considera-
tion to assess overall response.

Response by the modified RECIST (mRECIST) was
based on the change in arterial enhancement of the HCC.
Complete remission (CR) was defined as disappearance of
any intra-tumoral enhancement; partial remission (PR) as
at least a 30% decrease in the sum of the unidimensional
diameters of the enhancing area; progressive disease (PD)
as at least a 20% increase in the sum; and stable disease as
any response that did not qualify for inclusion in the other
categories [18].

DWI MRI was performed with 4 b values (b0, b300,
b600, b1000 s/mmz). The mean ADC was determined with
a whole lesion region of interest (ROI) prior to TARE and
on the first post-procedural MRI. The ADCratio was cal-
culated as the difference of the mean pre- and post-
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Fig. 2 MRI before and after
TARE in a patient with partial
treatment response. Patient with
multifocal HCC previously
unsuccessfully treated with
DEB-TACE. MRI before TARE
(A-C) shows a nodular lesion in
liver segment 5,
heterogeneously hypervascular
in the arterial phase (white
arrows in A) with hyperintensity
at b1000 DWI (white arrows in
B) and an ADC of

0.00127 mm?/s (white arrows in
C). After TARE the MRI shows
a partial treatment response (D—
F), expressed by less
hyperenhancement in the
arterial phase (white arrows in
D), less hyperintensity at b1000
DWI (white arrows in E) and a
higher ADC of 0.00145 mm?/s
with an ADC increase of 14.2%
indicative of partial treatment
response

treatment ADC (ADC,.~ADC,) divided by the mean
pretreatment ADC (ADC,.). ADCratio response was
determined based a previously described threshold of the
least responding lesions and was defined as follows: mean
ADC increase of more than 90% was considered as com-
plete response (CR); ADC increase between 13.6 and 90%
was defined as partial response; an ADC increase between
0 and 13.6% was considered as stable disease; and a

decrease in mean ADC indicated as disease progression
[19].

Standard Reference

Clinical follow-up took place 1 month after the procedure
and every 3 months thereafter as of which point an upper
abdominal MR imaging and combined chest and abdomi-
nal CT were included as routine follow-up examinations.

Overall survival was determined since the first TARE
procedure.
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Table 1 MRI parameters

Field Parameter T2 T1 In/out phase DWI Post-contrast FS GRE T1 (3
strength phases)
15T Sequence type Half-Fourier Turbo field GRE Breath SSEP-free Volumetric interpolated breath
RARE echo hold breathing hold
No. of sections 30 30 20 30 60
Section thickness 6 6 8 5 4
(mm)
Intersection gap 1.2 1.2 2 0 0
(mm)
Field of view (sz) 31 x 38 31 x 38 31 x 38 31 x 38 30 x 40
Matrix 220 x 256 220 x 256 220 x 256 100 x 128 166 x 256
Repetition time 350 100 4500 4.2
(ms)
Echo time (ms) 63/363 4.58 2.38/4.76 84 2.1
b values used (s/ 0, 300, 600, 1000
mmz)
3T Sequence type Single-shot TSE  Fast spin echo  Four-Point SSEP-free mDixon
DIXON breathing
No. of sections 50 50 100 50 100
Section thickness 5 5 3 5 3
(mm)
Intersection gap 0.5 0.5 0 0 0
(mm)
Field of view (sz) 35 x 46 36 x 46 36 x 45 38 x 45 36 x 45
Matrix 268 x 285 269 x 285 300 x 202 160 x 132 300 x 244
Repetition time 10 3.6 5719 3.7
(ms)
Echo time (ms) 80/363 2.3 1.32/2.3 68 1.32

b values used (s/
mmz)

0, 300, 600, 1000

GRE gradient echo, RARE rapid acquisition with relaxation enhancement, SSEp single-shot spin echo planar, TSE turbo spin echo, FS Fat-

suppressed

Statistical Analysis

Summary statistics are presented as means and standard
deviation (SD) for continuous variables and as frequencies
and percentages for categorical variables. For the purpose
of this study, patients were divided into two groups based
on their response on MRI determined by the mRECIST
criteria and ADCratio: responders (CR and PR) and non-
responders (SD and PD). Overall survival was estimated
using the Kaplan—Meier method, and the log-rank test was
used for assessing differences between responders and non-
responders. Univariable Cox regression models were used
for analyses of the association between disease/treatment
characteristics and survival. An exact log-rank test was
used in case of small group sizes. Comparison of respon-
ders and non-responders on disease/treatment characteris-
tics was performed using the Fischer exact test for
categorical variables or Mann—Whitney U test for
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continuous variables. Multivariable Cox regression models
were used for analyses of the effect of response on survival,
correcting for potential confounders.

All tests are two-sided; a 5% significance level was
assumed for all tests. Analyses were performed using SAS
software (Version 9.4 of the SAS System for Windows).

Results
Patient and Treatment Characteristics

We included 29 consecutive patients with unre-
sectable HCC who received a TARE procedure following
one or more DEB-TACE treatments and for whom a pre-
and post-procedural MRI was available. The pre-TARE
patient and treatment characteristics are listed in Table 2.
The mean patient age was 65.5 years, most patients were
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Table 2 Patient and treatment characteristics prior to TARE and association with survival

Hazard ratio (95% CI) Association with survival (p value)

Variable N =29 (%, Std)
Mean age at TARE 65.5 (10.8)
Gender

Female 5(17.2)

Male 24 (82.8)
Etiology of HCC

Alcohol 9 (31.0)

HBV/HCV 8 (27.6)

NASH 7 (24.1)

Primary 3(10.3)

Other 2 (6.9)
Child-Pugh

No cirrhosis 6 (20.7)

A 15 (51.7)

B 8 (27.6)
BCLC

B 15 (51.7)

C 14 (48.3)
Mean MELD 9.4 (3.5)
Tumor number

1 5(17.2)

2 2 (6.9)

3 0 (0.0)

>3 22 (75.9)
Mean largest tumor size in cm 4.6 (2.1)
Distribution

Bilobar 19 (65.5)

Unilobar 10 (34.5)
Extrahepatic disease**

No 26 (89.7)
Yes 3 (10.3)
Mean AFP (ug/L) 267.2 (985.2)
N of prior DEB-TACE procedures 1.7 (1.0)

Other prior treatments
No 15 (51.7)
Yes 14 (48.3)

1.0 (1.0;1.1) 0.39
11.0 (3.0;39.9) <0.001
0.24%
0.65*
3.0 (1.1;8.1) 0.03
1.0 (0.9;1.2) 0.61
2.3 (0.5-10.0)
1.0 (0.8;1.3) 0.82
0.8 (0.3;2.3) 0.71
0.97%%
1.2 (1.0;1.4) 0.07%%*
1.6 (1.0;2.4) 0.04
1.2 (0.5;3.0) 0.66

NASH non-alcoholic steatohepatitis, HBV hepatitis B virus, HCV hepatitis C virus, BCLC Barcelona Clinical Liver Cancer, MELD model for
end-stage liver disease, AFP o-fetoprotein, TARE transarterial radioembolization DEB-TACE drug-eluting bead transarterial chemoembolization,

Std standard deviation
*Global test
**Result based on exact log-rank test due to small group size

***Analysis based on log-transformed explanatory variable

male (82.8%) and alcoholic (31.0%) and non-alcoholic
steatohepatitis (24.1%), and hepatitis B and C viruses
(27.6%) were the most common underlying liver diseases.
Six patients had no sign of cirrhosis and a normal liver
function. In 23 patients there was evidence of cirrhosis
(79.3%), which was well compensated (Child—Pugh A) in

most of the patients. Fifteen patients (51.7%) had an
intermediate-stage HCC (BCLC B), and 14 patients
(48.3%) had an advanced stage disease. The BCLC C
status was because of: portal vein invasion (n = 3), per-
formance status of > 2 (n = 8) and extrahepatic disease
(n = 3). These latter patients had a limited amount of
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extrahepatic disease and received systemic therapy (kinase
inhibitor) prior or post-locoregional therapy. Most patients
had more than three HCC’s (75.9%), and the largest tumor
size was 4.6 = 2.1 cm. Most patients had more than tree
liver lesions (75.9%) and bilobar disease (65.5%). Three
patients with extrahepatic disease received TARE in
combination with systemic therapy. Patients had a mean of
1.7 DEB-TACE procedures prior to TARE, and almost half
of the patients (48.3) received a treatment prior to DEB-
TACE including resection, ablation, kinase inhibitor, con-
ventional TACE and transplantation. Post-TARE, three
patients were treated with a kinase inhibitor. Three other
patients were successfully downstage to disease extent
within the Milan criteria and received a liver
transplantation.

Response on MRI

MRI to determine response was performed at a mean of 2.9
(SD 1.0, median 3.0, range 1-6) months following TARE,
and results are shown in Table 3. The response rate (CR
and PR) was 36.7% determined by mRECIST and 62.1%
determined by ADCeratio.

Survival Analysis

Responders determined by mRECIST had a nonsignifi-
cantly better survival (median 26.5 months) compared to
non-responders  (median  11.5 months)  (p = 0.057,
Fig. 3A). Responders determined by ADCratio had a sig-
nificantly better survival (median 26.5 months) compared
to non-responders (median 8.9 months) (p = 0.011,
Fig. 3B).

Survival analysis showed that patients with a female
gender (p < 0.001) and BCLC C (p = 0.03) and more prior

Table 3 Response following radioembolization

Response Statistics N =29
mRECIST

CR N (%) 0 (0.0)
PR N (%) 11 (37.9)
SD N (%) 8 (27.5)
PD N (%) 10 (34.5)
ADC change

CR N (%) 0 (0.0)
PR N (%) 18 (62.1)
SD N (%) 0 (0.0)
PD N (%) 11 (37.9)

CR complete response, PR partial response, SD stable disease, PD
progressive disease
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TACE procedures (p = 0.037) had a significantly worse
survival. A higher AFP level had a trend toward association
with worse survival (p = 0.072). None of the other pre-
treatment characteristics showed a significant association
with survival (Table 2).

Table 4 demonstrates the pretreatment characteristics
associated with survival. No association was found
between these characteristics and response determined by
mRECIST. The number of prior TACE procedure was
significantly higher in non-responders determined by
ADCratio (p = 0.028).

Multivariable analysis demonstrated that ADCratio
showed a significant association with survival (p = 0.041),
independent of the amount of prior TACE procedures
(Fig. 4).

Discussion

In this study we determined the correlation between treat-
ment response based on post-contrast and DWI MRI fol-
lowing TARE in patients who previously received DEB-
TACE for HCC. We found that response after TARE
determined by mRECIST had a trend toward a better sur-
vival (p = 0.057). However, response determined by
ADCratio at DWI MRI was a significant and independent
predictor of survival (p = 0.041).

A change in ADC value of DWI MRI can be a useful
quantitative imaging marker to predict early treatment
response of intra-arterial therapies in HCC. In 2006, Kamel
et al. [20] first demonstrated the feasibility of DWI MRI to
monitor HCC response and showed an increase in ADC at
4-6 weeks after cTACE. A year later they showed that
hepatic tumors had an increase in ADC, without a statis-
tically significant change in tumor size early after treatment
with yttrium-90-labeled microspheres (Y90) [21]. Later,
other studies confirmed that ADCratio was a useful tool to
determine response following Y90 [22, 23] and cTACE
[24-27]. Recently, a study of Kokabi et al. [28] showed
that an ADCratio immediately post-DEB-TACE was an
accurate predictor of prolonged survival in unre-
sectable HCC. The results of the current study are con-
cordant with the previously published data. In addition, the
current study focused on the response of TARE in a patient
population with prior DEB-TACE for HCC in contrast to a
mainly treatment naive population as described in other
series. The current study shows that the predictive value of
ADCeratio following TARE persists despite prior TACE.

The multivariable analyses showed that a higher number
of prior TACE procedures were observed for non-respon-
ders according to ADCratio and were associated with
worse survival. Hepatic artery damage (HAD) is an
inherent and necessary consequence of TACE [29]. A
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Fig. 3 A Overall survival curve by mRECIST (p = 0.057). B Overall survival curve by ADC change (p = 0.011)

recently published paper even suggests that the incidence
and grade of HAD is higher after DEB-TACE compared to
cTACE [30]. Due to this HAD vessel patency may be
compromised by repeated chemoembolizations. This
potential HAD following DEB-TACE might explain the
decreased response following TARE in patients with more
than one prior TACE procedure.

The current study showed that a 13.6% ADC increase of
HCC lesions following TARE predicted prolonged sur-
vival. Earlier, Vandecaveye et al. [19] demonstrated that an
ADCratio of 13.6% 1 month after TACE was an inde-
pendent predictor of progression-free survival. However,
the used ADCratio thresholds in patients with HCC are
usually higher. Kokabi et al. showed that a 30% increase in
ADC following Y90 was a reproducible early imaging
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Table 4 Association of survival with response

Pretreatment Response based Response based on
characteristics associated ~ on mRECIST ADC change
with worse survival (p value) (p value)
Female gender 0.62 1.00
BCLC C 1.00 1.00
Higher AFP (ng/L) 0.84 0.81
> 1 prior DEB-TACE 0.37 0.028
procedures
100 —— Non-responder
—_— Responder
80
T 60
2
@
2 40
20
0 T T T
0 6 12 18 24 30 36
Months

Fig. 4 Estimated overall survival by ADCratio for a mean number of
prior DEB-TACE procedures (p = 0.041)

biomarker predicting prolonged survival in patients in
patients with portal vein thrombosis and that an ADCratio
of > 20% immediately post-DEB-TACE was an accurate
predictor of prolonged survival in unresectable HCC
[12, 28]. In a study of Bonekamp et al. [23] tumors with
25% or more increase in ADC after intra-arterial therapy
were considered responders. It is difficult to compare these
data due to the variability in experimental designs. We
mainly used 3T MRI and 4 differences b values 0—-1000 s/
mm?, while others use a 1.5 T MRI and different b values
[12, 28]. In addition, the delay between therapy and follow-
up MRI in the current study had a mean of 2.9 months,
while others varied from hours to 1 month. Future
prospective clinical trials with standardized DWI MRI
protocol are warranted to determine the optimal ADCratio
threshold.

Belgium is a low endemic area for HCC, with a sur-
prisingly high proportion of non-cirrhotic patients with
HCC up to 40% [31]. In the current population there was
no evidence of cirrhosis in more than 20% of the patients
(n = 6). Three of these patients had a primary HCC, of
which two had a proven malignant degenerated adenoma.
One patient had a glycogen storage disease as etiology for
his HCC, and two patients had a NASH without signs of
cirrhosis.
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The main limitation of this study is its retrospective
nature and the relative small study population. Although all
patients treated in the interventional radiology suite are
registered prospectively in a database, the data were ret-
rospectively collected from the patient’s information sys-
tem. Due to this retrospective nature, the post-treatment
imaging was, for example, not performed on exact fixed
times. Most patients received their imaging at 3 months’
post-TARE; however, there were outliners to 1 and
6 months. Further, baseline and post-procedural MRI was
mainly conducted with 3T MRI, however also to a lesser
extent with a 1.5 T MRL. It is not clear if this might have
influenced the results. A prospectively performed study
with a consistent MRI protocol and follow-up has to con-
firm the current results.

Conclusion

In this study, change in ADC following TARE remains an
independent predictor of survival in patients with prior
DEB-TACE for HCC.
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