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Repeated radioembolization in advanced liver cancer
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Background: To evaluate safety and clinical outcome of repeated transarterial Y (yttrium)
radioembolization (TARE) in primary and metastatic liver cancer.

Methods: Between 2009 and 2018, n=288 patients underwent TARE for treatment of malignant liver
disease in a tertiary care hospital. This retrospective single center study analyzed the safety and outcome
of patients (n=11/288) undergoing repeated resin microsphere TARE. Included patients suffered from
hepatocellular carcinoma (n=3), colorectal cancer (n=2), breast cancer (n=2), intrahepatic cholangiocarcinoma
(n=3), and neuroendocrine carcinoma (n=1). All patients had shown either partial response (n=9) or stable
disease (n=2) after first TARE. Lab parameters, response assessed by the Response Evaluation Criteria in
Solid Tumors (mnRECIST/RECIST) at 3 months and overall survival was analyzed. Additionally, patients
with repeated TARE were compared to a matched control group (n=56) with single TARE therapy. Kaplan
Meier analysis was performed to analyze survival.

Results: Patients after repeated TARE showed similar increase in lab parameters as compared to their first
TARE. No case of radioembolization induced liver disease was observed. While n=5/11 patients showed
a partial response and n=4/11 patients a stable disease after repeated TARE, only n=2/11 patients suffered
from progressive disease. Median overall survival was 20.9x11.9 months for the repeated TARE group while
it was 5.9+16.2 months for the control group.

Conclusions: Repeated 'Y TARE is safe and can be of benefit for patients yielding a comparable degree

of local disease control compared to patients with singular TARE.
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Introduction methods are used for earlier stages of disease, transarterial
radioembolization (TARE) with "Y-loaded glass or resin
microspheres is a treatment option especially for advanced
and secondary liver cancer, such as radiofrequency ablation liver disease. Several studies analyze the potential of
(RFA), microwave ablation (MWA) or transarterial TARE in different entities or disease stages. While recent
chemoembolization (TACE) (1,2). While most of these studies showed no benefit of survival of first-line TARE

Various local-ablative treatment options exist for primary
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added to chemotherapy for colorectal cancer metastasis (3)
or of TARE added to Sorafenib for HCC treatment (4),
TARE showed beneficial in advanced HCC, intrahepatic
cholangiocarcinoma or colorectal cancer metastasis of
distinct origin (5-8). Within these studies, TARE proofed
to be a safe method with high rates of local disease control.
However, toxicity with consecutive adverse events have
been reported, including gastrointestinal ulcers, cytopenia,
post-embolization syndrome (fatigue, fever, pain, nausea),
a decrease in liver function or radioembolization-induced
liver disease (REILD; ascites, hepatic insufficiency,
jaundice) (7-11). Within this context, experience in
outcome as well as toxicity of repeated TARE is limited
especially in patients with multiple other therapies before
presented to TARE (12-14).

We therefore aimed to evaluate the safety and outcome
of repeated ™Y radioembolization for treatment of advanced
liver cancer in a retrospective single-center cohort. We
present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-2658).

Methods
Study design

The study was carried out as a retrospective single-center
observational trial in a tertiary care academic medical
center in Germany. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by the local ethics committee of the
Westfilische Wilhelms-University of Muenster, Germany
(No.: 2018-638-£-S). Due to the retrospective character of
this trial informed consent of patients was not obtained.

Patient selection

Patients with a repeated *°Y radioembolization (n=11),
identified from all patients with TARE (n=288), in
our center between 2009 to 2018 were assigned to the
“repeated TARE” group. All patients undergoing TARE
had approval of the interdisciplinary gastrointestinal tumor
board. Diagnosis was based on the according European
guidelines, respectively (15-19). Assignment to TARE (first
as well as repeated TARE) was under premise of adequate
hepatic function (Child-Pugh liver function grade A or
B; ALT and AST <5x upper limit of normal (ULN); total
bilirubin <1.5 ULN; albumin >29 g/L) as well as adequate

© Annals of Translational Medicine. All rights reserved.

Masthoff et al. Repeated radioembolization in advanced liver cancer

hematologic, clotting and renal function tests. Moreover,
hepatopulmonary shunt fraction had to be less than 20%
and life expectancy was supposed to be more than 12 weeks.

In a second step patients identified from all other patients
with a single TARE (n=277) by a propensity score matching
considering sex, tumor entity, previous therapy, hepatic
tumor burden and pre-therapeutic bilirubin were assigned
to the “control group” (n=57).

Procedure details

After evaluation and preparation of radioembolization
by using *""Te-MAA following embolization of aberrant
vasculature originating from the hepatic circulation, patients
underwent planar whole body and SPECT/CT scanning
of the thoracic and abdominal region (GE Discovery
NM630 or Siemens Symbia T2) using low energy
collimators for dose calculation, detection of extrahepatic
tracer accumulation and assessment of hepato-pulmonary
shunting. The maximum pulmonary shunt fraction
accepted was 20%. In case of positive TARE evaluation,
Y radioembolization using resin microspheres (SIR-
Spheres®; Sirtex Medical, Sydney, Australia) was performed
according to standard operating procedures. The Y dose
was calculated by the physicists and board-certified nuclear
medicine physicians in the department of nuclear medicine.
The body surface area (BSA) method was used for dose
calculation [activity of SIR-Spheres in GBg= (BSA - 0.2) +
(volume of tumor/volume of whole liver)].

The angiographic therapeutic procedures were solely
performed by interventional radiologists who were approved
within the quality assurance program of the microsphere
provider in cooperation with nuclear medicine specialists
responsible for the microsphere administration. Either a ™Y
Bremsstrahl PET/CT or PET/MRI scan was performed
following the procedures for documentation of the regional
distribution of radioactivity within the liver.

Diagnostic imaging for follow-up after therapy was
performed with biphasic dynamic contrast-enhanced CT or
triphasic contrast-enhanced MR with hepato-cellular phase
imaging.

Data collection

All patient and procedural data including laboratory
parameters as well as follow-up/survival data were
retrospectively acquired from the electronic patient’s
records as well as from the Picture Archiving and
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Communications System (PACS). Data collection and
analysis was performed in 2019 and 2020. Tumor responses
were based on comparative evaluation of pre- and post-
treatment scans and evaluated by the Response Evaluation
Criteria in Solid Tumors (RECIST), version 1.1, or in case
of HCC by modified RECIST (mRECIST).

Statistical analysis

Data are shown as total number and percentage, mean and
standard deviation or median and range or 95% confidence
interval (CI), as appropriate. Kaplan-Meier analysis was
performed to analyze survival, followed by log-rank test
to compare the survival distributions of two groups. Case-
control-matching was performed by propensity score-
matching method with SPSS fuzzy extension. Propensity
score-matching was performed via binary logistic regression
to create a propensity score for each patient, entering the
following variables: sex, tumor entity, previous therapy, hepatic
tumor burden and pre-therapeutic bilirubin. Subsequently,
a case-control match between the repeated TARE- and
single TARE-group was obtained by use of the nearest-
neighborhood-matching using a caliper width of 0.2 without
replacement (20). A P value <0.05 was considered statistically
significant. Statistical analysis was performed using the SPSS
Statistics version 26 (SPSS Inc., Chicago, IL, USA).

Results
Patient characteristics

11 patients with repeated TARE were included [median
age, 60 y (50-78 y); n=4 male, n=7 female]. Patients suffered
from various disease entities (HCC n=3, colorectal cancer
n=2, breast cancer n=2, intrahepatic cholangiocarcinoma
n=3, neuroendocrine carcinoma n=1). Limited extrahepatic
tumor burden was present in n=7 patients. Of 11 patients
with repeated TARE, n=9 patients had previous therapies
before the first TARE. Here, all 9 patients had previous
chemotherapy, 3 patients had surgery and 1 patient each
had TACE, radiotherapy or transplantation before second
TARE. 2 patients had no other therapy before second
TARE. Patients had shown either partial response (n=9) or
stable disease (n=2) after first TARE. Hepatic tumor burden
before second TARE was <25% in 2 patients, 25-50% in
8 patients and >50% in 1 patient. Patient characteristics of
the repeated TARE group are summarized in Table 1.

A total of n=57 patients were identified for the matched
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control group [median age, 62 y (37-83 y); n=29 male,
n=27 female]. As Table 1 reveals, there were no significant
differences regarding sex, tumor entity, previous therapies,
hepatic tumor burden or pre-therapeutic bilirubin between
the “repeated TARE” and the “control” group. Patients of
control group received either chemotherapy (n=11, 19.6%),
transplantation, radiotherapy, radiochemotherapy (all n=1,
1.8%), TACE (n=2, 3.6%) or no further therapy (n=33,
58.9%) after first TARE.

Procedural characteristics

All radioembolization procedures were performed on an
inpatient basis. Repeated application of resin SIR spheres was
performed either in a monolobar (n=7 right lobe, n=1 left lobe)
or bilobar (n=3) catheter position. In all cases, the application
of SIR spheres was performed via a coaxial microcatheter in a
selective or super-selective manner. Median applied dose for
the second TARE was 1.5 GBq while it was 1.4 GBq for the
first TARE. All procedural characteristics of repeated TARE
group are summarized in 7able 1.

Safety of repeated TARE

The increase in bilirubin (A post TARE minus pre TARE
bilirubin) was significantly higher within second TARE
compared to after first TARE (7able 2), but absolute values
of bilirubin after second TARE (0.9+0.4) were still within
the standard range (<1.2 mg/dL). Increase in ALT, AST and
yGT (A post TARE minus pre TARE) was not significantly
different for second TARE compared to first TARE. There
was no significant difference in bilirubin, yGT, ALT or
AST values after second TARE compared to values after
first TARE. 3 patients had new ascites after second TARE.
No case of radioembolization induced liver disease was
observed.

Tumor response and survival

In the 3-month follow-up n=5/11 patients (45.5%) had a
partial response and n=4/11 patients (36.4%) had a stable
disease after second TARE. Only n=2 patients (18.2%) had
a progressive disease. Hereby, hepatic tumor burden was
reduced from 25-50% to <25% in 2 patients. Tumor response
rates for repeated TARE group are summarized in 7Table 3.
Median survival with 20.9 months was significantly
longer in case of repeated TARE compared to control
group without second TARE (5.9 months, P=0.005,
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Table 1 Baseline characteristics of patients with repeated TARE (n=11) and retrospectively matched control group (n=57)

Variables Repeated TARE group, No. (%) Matched control group, No. (%) pP*
All patients 11 (100.0) 57 (100.0)
Sex” 0.323
Male 4 (36.4) 30 (52.6)
Female 7 (63.6) 27 (47.4)
Primary tumor” 0.987
HCC 3(27.3) 19 (33.3)
CrC 2(18.2) 12 (21.1)
BrC 2(18.2) 9 (15.8)
ICC 3(27.3) 12 (21.1)
mNET 1(9.1) 5(8.8)
Previous therapy” 0.566
Yes 9(81.8) 48(84.2)
No 2(18.2) 9 (15.8)
Type of previous therapy
Chemotherapy 9(81.8) 34 (59.6) 0.128
Operative resection 3(27.3) 15 (26.3) 0.951
TACE 1(9.1) 6 (10.5)
Transplantation 1(9.1) 1(1.8)
Radiotherapy 19.1) 9(15.8)
Hepatic tumor burden® 0.959
<25% 2(18.2) 10 (17.5)
25-50% 8 (72.7) 45 (78.9)
>50% 1(9.1) 2 (3.5)
Bilirubin (pretherapeutic)” 0.838
Normal 11 (100.0) 56 (98.2)
Elevated 0(0.0) 1(1.8)

*, P value. No., number; *, matching variable; HCC, hepatocellular carcinoma; CrC, colorectal cancer; BrC, breast cancer; ICC,
intrahepatic cholangiocarcinoma; mNET, metastatic neuroendocrine tumor; TACE, transarterial chemoembolization; TARE, transarterial
radioembolization.

Table 2 Laboratory parameters for repeated TARE group before and after first or second TARE, respectively
Parameters Unit  Pre, 1. TARE After, 1. TARE A, 1. TARE Pre, 2. TARE After, 2. TARE A, 2. TARE A, repeated TARE p* p*

Bilirubin mg/dL 0.5 0.6 0.1 0.5 0.9 0.4 0.4 0.043 0.006
ALT u/L 27 34 7 41 37 -4 10 0.706 0.026
AST u/L 32 55 23 51 63 12 31 0.717 0.013
yGT u/L 84 165 81 191 165 -26 91 0.305 0.031

A: delta (after 1. or 2. TARE minus 1. or 2. TARE, respectively or in case of A repeated TARE as after 2. TARE minus pre 1. TARE). P values
are shown as P* for A 1. TARE vs. A 2. TARE and P* for pre 1. TARE vs. after 2. TARE. TARE, transarterial radioembolization; ALT, alanine
transaminase; AST, aspartate aminotransferase; yGT, y-glutamyl transpeptidase.
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Table 3 Characteristics of repeated TARE group for first or second

TARE, respectively

Variables 1. TARE, No. (%) 2. TARE, No. (%) P*
Hepatic tumor bur- 0.157
den

<25% 2(18.2) 4 (36.4)

25-50% 8 (72.7) 6 (54.5)

>50% 1(9.1) 1(9.1)
Hepatopulmonary 5.6 (3.0-10.7) 6.4 (3.0-12.5) 0.285
shunt (%)
Applied dose (GBQ) 1.366 1.500 0.966
Lobe treated

Right 8 (72.7) 7 (63.6) 0.888

Left 0 (0.0 1(9.1)

Both 3(27.3) 3(27.3)
Post-TARE ascites 0.083

Yes 0(0.0) 3(27.3)

No 11 (100.00) 8(72.7)
REILD 1.000

Yes 0(0.0) 0(0.0)

No 100 (100.0) 100 (100.0)
Response (RECIST or mRECIST for HCC) 0.058

CR 0(0.0) 0(0.0)

PR 9(81.8) 5 (45.5)

SD 2(18.2) 4 (36.4)

PD 0(0.0) 2(18.2)

*, P value. No., number; TARE, transarterial radioembolization;
REILD, radioembolization induced liver disease; CR, complete
response; PR, partial response; SD, stable disease; PD,

progressive disease.

Figure 1A4), despite similar disease extent und tumor
burden. Median survival was also significantly longer in
case of repeated TARE (20.9 months) compared to the sub-
control group with chemotherapy only after first TARE
(7.4 months, Figure 1B) as well as compared to the sub-
control group without any therapy after first TARE
(5.9 months, P=0.011).

Discussion

Y TARE is a promising treatment option in primary and
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Figure 1 Kaplan-Meier analysis of survival after repeated Y
TARE. (A) A significantly higher cumulative survival of patients
with repeated TARE (n=11) was observed as compared to matched
control group without repeated TARE (n=57; P=0.005). (B) A
significantly higher cumulative survival of patients with repeated
TARE (n=11) was observed as compared to control subgroups with
chemotherapy or no further therapy after first TARE (n=11 or
n=33 respectively, P=0.011). ™Y, yttrium-90; TARE, transarterial

radioembolization.

secondary liver cancer (21). Although multicenter studies
showed no benefit in overall survival for first-line TARE
combined with chemotherapy or sorafenib respectively (3,4),
there are reports of effective and safe TARE in the latter
therapy options after first-line strategies have failed or are
not feasible due to advanced tumor progression (7,9,10,22).
Along with the advancements in chemotherapy protocols
and immunotherapies TARE will probably be integrated in
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multimodal treatment setting (8,23). Within these concepts
it is important to be aware of adverse events reducing
patient safety. Although a variety of side effects can occur
after TARE treatment (7,9,10,24), there is limited evidence
on safety of repeated TARE (12-14). This study shows that
repetition of TARE is accompanied by a similar alteration of
laboratory values as compared to first TARE and no severe
liver decompensations in terms of REILD were observed in
our patient cohort. However, 3 patients (27.3%) developed
ascites after second TARE. Since Lam ez 4/. found in a study
of n=8 patients an increased risk of REILD due to repeated
TARE (14), patients should be carefully monitored after
second TARE. However, the results of our study are in line
with a previous study on repeated TARE in liver cancer,
where a preserved liver function and a similar number of
adverse events comparable to first TARE were observed (13).
A second study in intrahepatic cholangiocarcinoma (ICC)
similarly showed a favorable risk profile of repeated TARE
with no case of REILD (12). In HCC, larger studies
including some patients with sequential and repetitive
TARE procedures found an acceptable risk of liver toxicity
(8,11). However, these studies do not report toxicity,
therapy response or survival of patients receiving repeated
TARE compared to patients with single TARE.

Regarding outcome of repeated TARE, we observed a
good tumor control rate with a 45.5% partial response and
36.4 % stable disease rate after 3 months. For repeated
TARE in ICC a relevant part of complete response has
been described (12), which we did not observe in our study.
The tumor response rates after repeated TARE from our
study are comparable to data from existing literature after
first TARE (23). 'To the best of our knowledge, we provide
the first study comparing overall survival after repeated
TARE with a retrospectively matched control group which
received only single TARE and various therapies afterwards.
Here, repeated TARE showed a significantly longer overall
survival compared to the control group in its entirety
as well as compared to the control subgroup receiving
systemic chemotherapy after first TARE. Our results could
be influenced by the allocation to second TARE only in case
of local tumor control or therapy response after first TARE
with potentially including more advantageous (molecular)
cancer characteristics. Our results might therefore not be
veritable in case of a progressive disease after first TARE.
However, the retrospective matching process used in this
study considered with tumor entity, hepatic tumor burden
and previous therapy (amongst others) factors, which
showed to be predictors of overall survival after TARE (25).
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Thus, repeated TARE should be considered as therapy
option in advanced liver cancer.

This study is limited by its retrospective character and
the heterogeneity of the analyzed patient cohort hampering
generalizability, especially with regard to previous therapies
and underlying disease entity, which is known to have a
significant impact on safety especially with respect to liver
function.

In conclusion, the present study shows that repeated ™Y
TARE can be considered as a safe treatment option with
similar local tumor control compared to first TARE and
improved overall survival compared to other treatment
paths or solely palliative care in advanced liver cancer.
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