Safety and efficacy of transarterial radioembolisation in patients with intermediate or

advanced stage hepatocellular carcinoma refractory to chemoembolisation

ABSTRACT

Introduction: Transarterial chemoembolisation (TACE) is the most widely used locoregional
treatment for patients with an unresectable hepatocellular carcinoma (HCC). Transarterial
radioembolisation (TARE) with yttrium-90 containing microspheres is an emerging

interventional treatment that could be complementary or an alternative to TACE.

Aim: To evaluate the safety and efficacy of TARE in patients with HCC who are refractory to

TACE with drug-eluting beads (DEB-TACE).

Methods: We identified all patients who received TARE for HCC following one or more
sessions of DEB-TACE in the period 2007-2016. Grade > 3 adverse events were graded
according to Common Terminology Criteria for Adverse events. Response on MRI was
determined on MRI by modified RECIST. Overall survival was estimated using the Kaplan-

Meier method and was determined from the first TACE and from the TARE procedure.

Results: A total of 30 patients were included. Patients had a mean of 1.7 TACE procedures
(range 1-4) prior to TARE. Grade 3 adverse events following TARE included: fatigue (20%),
bilirubin increase (10%), cholecystitis (3.3%) and a gastric ulcer (3.3%). Response on MRI
was achieved in 36.7%. Three patients (10%) were downstaged within the Milan criteria and
received liver transplantation. The median overall survival after first TACE was 32.3 months
(17.2-42.1 95%Cl). The median overall survival after TARE was 14.8 months (8.33-26.5

95%Cl).



Conclusion: TARE is safe and can be effective in patients with an intermediate or advanced
stage HCC who are refractory to TACE. This treatment strategy has the potential to

downstage to liver transplantation.
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INTRODUCTION

Transarterial chemoembolisation (TACE) is the most widely used locoregional treatment for
patients with an unresectable HCC. TACE can delay disease progression and has also been
shown to downstage HCC tumours that do not meet the Milan criteria.[5] In recent years,
TACE with drug-eluting beads (DEB-TACE) had become a widely used alternative to
conventional TACE (cTACE) with at least an equal efficacy and toxicity profile.[6, 7]
Transarterial radioembolisation (TARE) is an emerging interventional treatment that could be
an alternative to TACE[8] and is a viable alternative to sorafenib in patients with a portal vein
thrombosis[9]. Our hypothesis is that TARE can also be a valuable treatment option in

patients with an intermediate and advanced stage HCC who are refractory to TACE.

In our institution patients with an unresectable HCC and preserved liver function receive
DEB-TACE as first-line treatment. If patients are refractory to TACE, the intra-arterial
therapy can be switched to TARE. The aim of the study is to evaluate the safety and

effectiveness of TARE in patients with HCC who are refractory to DEB-TACE.

MATERIAL AND METHODS



Study design

This study was approved by the institution’s ethics committee. All patients treated at the
interventional radiology department of our hospital are prospectively registered in a database.
A retrospective 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 made by means of biopsy or accepted radiologic findings as

described by the European Association for Study of the Liver (EASL).[3]

All included patients underwent baseline assessment prior to TARE, including laboratory tests
to evaluate liver function and a-fetoprotein level. The HCC aetiology, Child-Pugh
classification, Barcelona Clinic Liver Cancer (BCLC) classification, model of end-stage liver
disease (MELD) score, data on the number of prior DEB-TACE treatments and other prior
treatments for HCC were collected from the hospital's patient information system. Tumour

staging was determined based on the imaging examinations prior to the mapping angiogram.

Transarterial chemoembolisation with drug-eluting beads (DEB-TACE)

All TACE procedures were performed by or under the supervision of one expert
interventional radiologist. Details of the TACE procedures in our hospital have been
described previously.[10] Briefly, TACE was performed using doxorubicin loaded
superabsorbent polymer (SAP) microspheres (HepaSphere Microspheres, Merit Medical
Systems, South Jordan, Utah, USA) in a dedicated interventional angiography suite. One vial

of 25-mg dry microspheres with a nominal dry diameter of 50-100 um 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
distribution of the HCC lesions, the drug-eluting beads were infused via superselective
infusion of the feeding artery, lobar infusion, or bilobar infusion.The treatment endpoint 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 progression or stable
disease according to modified RECIST[11] or ADC ratio [12]. This was visualised using
contrast-enhanced and diffusion-weighted imaging (DW1) magnetic resonance imaging (MRI)
1-3 months after DEB-TACE. The TACE-refractory status of individual patients was
determined by a multidisciplinary team including a medical, surgical and radiation oncologist,

a diagnostic and interventional radiologist and a hepatologist.

In our institution, patients with a HCC within the ‘Milan criteria’ (solitary tumour </=5 cm
and up to three nodules </=3 cm[3, 4]) are eligible for OLT. Pre-OLT intra-arterial therapies
can be used for down-staging in patients with a single HCC up to 7 cm or multiple HCC’s

measuring 2-5 cm and no more than 4 lesions.

Transarterial radioembolisation (TARE)

Patients' eligibility for TARE was determined in a multidisciplinary team and was based on
patient approval, performance status, disease course, response to prior procedures and vessel
patency. All TARE procedures were performed by or under the supervision of one expert
interventional radiologist. The interventional radiological technique for TARE was performed
according to previously published guidelines and technical angiographic reviews [13, 14]. In

summary, during the angiographic work-up coil embolisation of extrahepatic vessel was



performed at the discretion of the interventional radiologist. At the end of the angiographic
work-up, technetium-99m-labeled macroaggregated albumin was injected in the target vessel
and a planar scintigraphy to determine lung-shunt fraction (LSF) and SPECT (-CT) were
done. The TARE procedure was performed between two and five weeks after the
angiographic workup with the use of resin yttrium-90 containing microspheres (*°Y-
microspheres; SIR spheres®, Sirtex Inc, Cosgrove, Australia). 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 procedures were performed in one or two sessions, depending on the patient’s liver
function. The use of an anti-reflux catheter (Surefire Inc., Westminster, CO, USA) was
performed at the discretion of the interventional radiologist for retrograde protection or dose
redistribution[15]. Activity calculation was performed using the body surface area (BSA)
method or by partition model if possible, and by taking into account the liver volume and
presence or absence of cirrhosis [15]. These values were further reduced if necessary so that
the calculated lung dose would be not more than 30 Gy. The procedures were performed
under local anaesthesia. Anti-emetics and morphine derivatives were given when required.
Bremsstrahlung imaging was performed on the day of the °®Y-microsphere infusion or the
next day. Since the publication of Gil-Alzugaray et al. in 2013[16], patients were given
ursodeoxycholic acid for 2 months starting on the day of the TARE at a dose of 300 mg twice
a day orally, in addition to methyl-prednisolone 8 mg once a day for 1 month and 4 mg once a

day for the second month, to prevent radioembolisation-induced liver disease.

Follow-up and response assessment

Baseline and post-procedural follow-up imaging was conducted with MRI as published earlier

[12]. Response on imaging was assessed by an expert abdominal radiologist. The radiologist



was blinded to patients’ clinical and biochemical information. A maximum of two target
lesions were chosen for response assessment. Response measured by using modified RECIST
(mRECIST) was based on the arterial phase enhancing area of the tumour by measuring the
index tumour(s) and categorising change in tumour size enhancement into four categories

(complete response (CR), partial response(PR), stable disease(SD), progressive disease(PD)).

Clinical follow-up based on physical examination and laboratory tests took place 1 month
after the procedure and every three months thereafter. Adverse events grade > 3 were
documented and graded according to Common Terminology Criteria for Adverse events.[17]

Survival was determined from the first TACE and from the TARE procedure.

Statistical analysis

Summary statistics are presented as means and ranges for continuous variables and as
frequencies and percentages for categorical variables. Overall survival is estimated using the
Kaplan-Meier method and 95% confidence intervals (95% CI) were computed. Analysis was

carried out using SAS software (version 9.4 of the SAS System for Windows).

RESULTS

Patient characteristics

During the study period, 173 patients underwent DEB-TACE for HCC at our institution. Of
these, 32 were considered refractory to TACE by lack of objective response. One patient was

not able to receive a TARE procedure because of an LSF of more than 20%. Another patient



had a significant worsening of his liver function after the mapping angiogram and was
therefore an inadequate candidate for TARE. Eventually, 30 patients with a DEB-TACE-

refractory HCC received a TARE procedure.

Patient characteristics prior to TARE are listed in Table 1. The mean patient age was 64 years
(range 39-82), most patients were male (83.3%) and alcoholic (30.0%) and non-alcoholic
steatohepatitis (23.3%) were the most common underlying liver diseases. In 25 patients there
was evidence of cirrhosis (83.3%), which was well compensated (Child-Pugh A) in 78.3%. A
Barcelona Clinic Liver Cancer (BCLC) Stage B and C was assigned to 15 (50%) patients
each. Most patients had more than three liver lesions (73.3%) and bilobar disease (62.3%).
The largest tumour dimension ranged from 1.8 to 9.0 cm (mean 4.1). Prior to TARE,

extrahepatic disease and portal vein invasion were each present in 10% of the patients.

Treatment characteristics

Patients had a mean of 1.7 DEB-TACE procedures (range 1-4) prior to TARE. Some patients
already received another treatment prior to DEB-TACE. These treatments included resection,
ablation, sorafenib, conventional TACE and transplantation (Table 2). TARE was performed
at a mean of 6.5 months following the last DEB-TACE procedure (range 2.8-27.4, median

4.5)

Table 3 shows the treatment characteristics of the TARE procedure. The most common
reasons for switching to TARE were progression (60%) or non-response (36.7%) despite
DEB-TACE. Prophylactic embolisation of non-target vessels was carried out in 63.3% of the
gastroduodenal arteries, 30% of the right gastric arteries and in other arteries in 30% of cases.

An anti-reflux catheter was used in 23.3% of the patients. About half of the patients received



a whole-liver treatment (56.7%) because of bilobar disease; in five of these patients the
treatment was performed in two sessions because of reduced liver function. The remaining
patients received a lobar or segmental infusion. An activity reduction was necessary in

three patients (10%) because of a high LSF. The mean infused activity was 1307 MBq (35324

mCi).

Clinical follow-up

Short term follow-up (3 months) was available for all 30 patients. Imaging follow-up was
available for 29 patients. Long-term follow-up ranged from 7 to 64 months after first DEB-
TACE and 3 to 43 months after TARE. No grade 4 or 5 adverse events occurred within 3
months after the TARE procedure. The most common clinical grade 3 adverse events were
fatigue (20%) and pain (6.7%). One patient developed a cholecystitis after preventive coil
embolization of the cystic artery during the angiographic work-up. A gastric ulcer occurred in
one patient. In this patient coil embolization of the gastroduodenal artery was performed
during the angiographic work-up but the right gastric artery was not found. The most common
biochemical grade 3 adverse event was a bilirubin increase (Table 4). Complications occurred
more often after whole-liver treatment (n=11, 64.7%), compared to lobar (n=4, 36.4%) and
segmental treatment (n=0, 0.0% ). MRI follow-up was performed at a mean of 2.9 (standard
deviation 1.0, median 3, range 1-6) months following TARE. Response rates included partial
response (n=11, 36.7%) (Fig. 1la-e), stable disease (n=8, 26.7%) and progression of disease

(n=10, 33.3%).

Three patients (10%) were successfully downstaged for disease extent within the Milan

criteria and received a liver transplantation (Fig. 2).



Of the 30 patients, 20 died during the study period, nine survived and one was lost to follow-
up. The median overall survival after first TACE was 32.3 months (17.2-42.1, 95%Cl) (Fig.

3a). The median overall survival after TARE was 14.8 months (8.33-26.5, 95%Cl) (Fig. 3b).

DISCUSSION

TACE is the most widely used locoregional treatment for patients with an unresectable HCC.
If chemoembolisation is no longer feasible due to tumour progression or intolerance of
TACE, systemic therapies like sorafenib are the only treatment option according to the
American and European guidelines [3, 4]. They are associated with a median overall survival
varying from 8.6 to 25.4 months. [18-20] The current study shows that radioembolisation may
be an alternative to sorafenib in patients with intermediate and advanced stage HCC who are

refractory to TACE, with a good survival and safety profile.

The median overall survival of TARE in BCLC B and C patients without prior TACE
treatment varies from 10.0 to 16.9 months [9, 21, 22]. Recently Johnson et al. published the
results of patients who received TARE as a salvage therapy in patients after
chemoembolization using conventional TACE, DEB-TACE or a combination of these two.
[23] They found a median overall survival of 8.4 months following TARE in mainly BCLC B
patients with a mean of 3.7 prior TACE procedures (range 1-8). In our study population we
found a slightly longer median overall survival of 14.8 months after the TARE procedure and
a median overall survival of 32.3 months after the first TACE treatment in BCLC B and C
patients with a mean of 1.7 prior DEB-TACE treatments (range 1-4). The lesser amount of

prior TACE procedures in our study might explain the better overall survival, as Johnson et al



showed that TARE following TACE was less feasibly in patients with >4 prior TACE

procedures. [23]

The safety profile of TARE following DEB-TACE also seems comparable to either the series
in treatment-naive patients [24] or the previously mentioned study of Johnson et al.[23] with
fatigue (20%) and bilirubin increase (10%) as the most common clinical and biochemical
grade 3 adverse event, respectively. These complications occurred more often after treatment

of the whole-liver compared to lobar and segmental treatment.

Orthotopic liver transplantation (OLT) is considered the only curative therapeutic approach
for patients with cirrhosis and HCC, not only for treatment of the neoplastic disease but also
for resolution of the underlying liver disease. OLT is recommended for patients within the
Milan Criteria, however many patients are diagnosed at an intermediate or advanced stage and
are therefore not candidates for this curative therapy.[25] For selected patients, downstaging
can be considered to bring patients within Milan criteria by using liver-directed therapies.[26]
TACE is the most widely used downstaging therapy for multiple HCCs[27-31], but other
therapies such as TARE[32, 33], ablation[34] or a combined approach[34, 35] are also used.
The current study shows that TARE is able to downstage patients into the Milan criteria even

if they are refractory to DEB-TACE.

Heterogeneity remains a major obstacle in all chemoembolisation studies, because there is no
consensus concerning whether cTACE or DEB-TACE is the preferred treatment.[7] A
strength of the current study is the homogenous patient population: all patients were treated
with the same DEB-TACE (doxorubicin loaded SAP microspheres) and the same resin %°-Y-
microspheres. However, HCC has many treatment options for different stages of the disease
(e.g. ablation, resection, transplantation, TACE, Sorafenib). Therefore, as in other studies,

some of the included patients received one of these other treatment prior to DEB-TACE.
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The main limitation of this study is its retrospective nature; although all patients treated in the
institutional interventional radiology department are registered prospectively in a database,
the data were collected retrospectively from the patient’s information system. Due to this
retrospective nature a mild complication, for example pain, that didn’t need further treatment
or was successfully treated with painkillers (CTCAE 1 or 2), may not have been documented
in the patient’s information system and was therefore not traceable in a retrospective manner.
Further, the inclusion period of this study had a wide range from 2007 till 2016. In this period
diagnostic and treatment protocols might have been changed due to new insights and

developments.

CONCLUSION

TARE following DEB-TACE is a safe and efficient treatment strategy in patients with HCC,
with the potential to downstage to liver transplantation. TARE should be considered as an
alternative to systemic therapies such as sorafenib in patients with an intermediate or
advanced stage HCC who are unresponsive to (multiple) TACE treatments. Future
randomised controlled trials are needed to compare sorafenib with TARE in HCC patients

who are refractory to TACE.
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FIGURE LEGENDS

Fig. 1: A 62-year-old man with liver cirrhosis and multifocal HCC. Fig. 1a completion
selective angiography of the common hepatic artery after DEB-TACE (Hepasphere &
doxorubicine) reveals distal occlusion of the second , third and end branches of both the right
(arrow) and left (arrowheads) hepatic artery. Figlb contrast-enhanced MRI 2 months after
initial DEB-TACE shows progression & persistent contrast-enhancement of the largest HCC-
lesion in the left liver lobe (white arrowheads). Figlc selective angiography of the right
hepatic artery (black arrow) and Figld of the left hepatic artery (black arrowhead) before

90Y -radioembolization shows recanalization and neoangiogenesis (white small arrows) in and
close to the previously embolized distal hepatic artery vessels. Figle contrast-enhanced MRI
3 months after 90Y -radioembolization reveals partial response with > 50% necrosis of the

lesion. Note also the peritumoral postradioembolization edema around the target lesion.

Fig. 2: Pathologic image of an explant liver, previously treated with superabsorbent polymer

microspheres (large arrows) and resin-based yttrium-90 microspheres (small arrows).

Fig 3. (a) Kaplan-Meier survival analysis shows a median overall survival after first TACE of
32.3 months (17.2-42.1, 95%CI). (b) Kaplan-Meier survival analysis shows a median overall

survival after TARE of 14.8 months (8.33-26.5, 95%ClI).
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