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Abstract

Purpose The purpose of this study was to evaluate in vivo
the role of the micro-balloon by comparing trans-arterial
chemoembolization (DEB-TACE) and selective internal
radiotherapy (SIRT) procedures performed with and with-
out balloon micro-catheter (b-DEB-TACE and DEB-
TACE/SIRT and b-SIRT) for the treatment of hepatocel-
lular carcinoma (HCC).

Methods The impact of a balloon micro-catheter on trans-
arterial loco-regional treatment was analyzed using non-
enhanced post-procedural cone-beam CT (Ne-CBCT) by
comparing the attenuation values in the embolized area and
the surrounding liver tissue before and after DEB-TACE
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versus b-DEB-TACE and by comparing 2D/3D dosimetry
in single-photon emission computed tomography after
SIRT versus b-SIRT, and by comparing the histological
count of the beads following orthotopic liver transplanta-
tion in the DEB-TACE versus b-DEB-TACE subgroup.

Results We treated 84 HCC patients using trans-arterial
loco-regional therapy. Fifty-three patients (26 DEB-TACE
and 27 b-DEB-TACE) were analyzed in the TACE group.
Contrast, signal-to-noise ratio, and contrast-to-noise ratio
were all significantly higher in b-DEB-TACE subgroup
than DEB-TACE (182.33 HU [CI95% 160.3-273.5] vs.
124 HU [CI95% 80.6-163.6]; 8.3 [CI95% 5.7-10.1] vs. 4.5
[CI95% 3.7-6.0]; 6.9 [CI95% 4.3-7.8] vs. 3.1 [CI95%
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2.2-5.0] p < 0.05). Thirty-one patients (24 SIRT and 7
b-SIRT) were analyzed in the SIRT group. 2D dosimetry
profile evaluation showed an activity intensity peak sig-
nificantly higher in the b-SIRT than in the SIRT subgroup
(987.5 £ 393.8 vs. 567.7 & 302.2, p = 0.005). Regarding
3D dose analysis, the mean dose administered to the treated
lesions was significantly higher in the b-SIRT than in the
SIRT group (151.6 Gy £ 53.2 vs. 100.1 Gy + 43.4,
p = 0.01). In histological explanted liver analysis, there
was a trend for higher intra-tumoral localization of embolic
microspheres for b-DEB-TACE in comparison with DEB-
TACE.

Conclusions Due to the use of three different methods, the
results of this study demonstrate in vivo, a better
embolization profile of oncological intra-arterial interven-
tions performed with balloon micro-catheter regardless of
the embolic agent employed.

Keywords SIRT - b-SIRT - DEB-TACE - b-DEB-
TACE - SPECT

Abbreviations

b-DEB-TACE Balloon occluded trans-arterial
chemoembolization

B-SIRT Balloon occluded selective internal
radiotherapy

CT Computed tomography

DEB-TACE Drug-eluting beads trans-arterial
chemoembolization

HCC Hepatocellular carcinoma

MBI Micro-balloon interventions

Ne-CBCT Non enhanced cone-beam CT

OLT Orthotopic liver transplantation

PEG Polyethylene glycol

SIRT Selective internal radiotherapy

SPECT Single-photon emission computed
tomography

TACE Trans-arterial chemoembolization

Introduction

Micro-balloon interventions (MBI) have gained popularity
in the field of liver embolization procedures introducing a
new concept, namely the possibility to perform a pressure
gradient-driven embolization. To date, scientific efforts

have been pursued to understand the safety profile and the
oncological response of balloon occluded trans-arterial
chemoembolization (b-TACE) procedures with all the
different embolic agents (Lipiodol c-TACE, drug-eluting
beads DEB-TACE) [1-4], and balloon occluded selective
internal radiotherapy (b-SIRT) [3]. Despite this, in vivo
comparison of the ability of the micro-balloon catheter to
ameliorate embolic agent distribution within the target
lesion remains scarce.

Several in-vivo methodologies may be used to quantify
the efficacy of catheter-based treatment. Non-enhanced
Cone-Beam CT (Ne-CBCT) can display drug and beads
deposition because these are mixed with contrast media
during trans-arterial chemoembolization (TACE) proce-
dures. Moreover, due to its tri-dimensional nature, Ne-
CBCT can perform a pseudo-attenuation measurement by
manually segmenting all the target nodules as well as the
surrounding liver parenchyma and by recording both signal
(as pseudo-HU) and noise (as standard deviation, SD) [5].
Ne-CBCT is technically similar to computed tomography
(CT) but does not allow to perform HU measurements,
therefore pseudo-attenuation is the measurable parameter
in Ne-CBCT.

SPECT/CT permits personalized dosimetry to accu-
rately assess post-SIRT activity distribution and effectively
absorbed dose calculation (expressed in Gray, Gy) using
dedicated software. Finally, specimen analysis of explanted
liver after orthotopic liver transplantation (OLT) can per-
mit direct count and localization of beads on the targeted
treatment area [6, 7]. Thus, the rationale for employing
these three different independent methods is the possibility
of using them as observational tools to investigate and
quantify the effect of micro-balloon use in determining
higher embolic agent deposition within the target lesion.

This retrospective cohort study aims to quantify in vivo
the micro-balloon role in two different catheter-based
treatments (i.e., TACE and SIRT) performed with and
without micro-balloon occlusion for the treatment of naive
HCC patients. The two different treatment modalities were
performed during the same period of enrolment in two
different institutions with independent hospital clinical
practice.

Material and Methods

The ethical institutional review boards of the two centres
approved the study. Informed consent for the procedure
and anonymized publication of this series of patients was
obtained from all participants included in the study.
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The decision whether to use a balloon micro-catheter or
not was at the discretion of the operator’s choice. (Fig. 1,
flowchart).

The present study is a cohort retrospective study on the
treatment of naive HCC patients in which intra-group (b-
DEB-TACE vs. TACE; b-SIRT vs. SIRT) analysis was
conducted without inter-group comparison. The two sepa-
rate cohort compositions reflect independent hospital clin-
ical practices.

The impact of balloon micro-catheter on trans-arterial
loco-regional treatment was analyzed using three methods.
In particular, the effect of micro-catheter was evaluated
using (1) post-procedural Ne-CBCT (all parameters are
summarized in Table 1), (2) histological count of beads
following OLT in the subgroup of TACE/b-TACE [5, 9];
and (3) 2D and 3D dosimetry in SPECT after SIRT/b-SIRT
[10, 11].

All HCCs were diagnosed with standard radiological
criteria for cirrhotic liver [12-14]. HCC arterial enhance-
ment was evaluated through the arterial enhancement ratio.
All nodules were manually segmented in circular ROIs and
compared with those ones of the adjacent parenchyma
(performed three times in different sites and averaged with
the exclusion of visible vasculature, bile ducts, and arti-
facts). The arterial enhancement ratio was calculated by the
mean attenuation of the tumor divided by the attenuation of
the adjacent normal liver in the arterial phase as derived
from Park et al. [8].

The procedures were decided upon a multidisciplinary
board of each centre composed of a transplant surgeon, an
interventional radiologist, a body radiologist, and a

«Center Xx» ‘

TSR Chemoembolization
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| 3/26(11.5%) | | 2/27 (7.4%)
January
2019 Specimen analysis

Fig. 1 Study flow-chart
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84 HCC Patients 4‘

hepatologist. Indication and contraindication for both
cohorts followed the international BCLC guidelines.

DEB-TACE and b-DEB-TACE Protocol
and Measured Parameters

All procedures were performed by two experienced Inter-
ventional Radiologists (> 10 years of clinical practice).
The TACE embolization protocol was standardized for
both procedures, starting with 100 £ 25 pm followed by
200 £+ 50 pm PEG microspheres (LifePearl, Terumo Eur-
ope NV, Leuven—Belgium) [6]. The differences between
DEB-TACE and b-DEB-TACE included the micro-cathe-
ter type, respectively a 2,7 Fr micro-catheter (Progreat,
Terumo Europe NV, Leuven—Belgium) or a balloon
micro-catheter (Occlusafe, Terumo Europe NV, Leuven—
Belgium), and embolization endpoints. For DEB-TACE,
the procedure was performed with the catheter as close as
possible to the tumor. For b-DEB-TACE procedures, the
catheter was positioned proximal to all lesion feeders to
maximize the advantage of the balloon. [15]

Microspheres were loaded with 50 mg of doxorubicin
each syringe consisting of 2 mL of embolic material (mi-
crospheres 100 pm %+ 25 or 200 pm =+ 50) diluted with
contrast media (350 mmol/mL) to reach 20 mL. The
embolization protocol was sequential, starting with the
smaller microspheres, immediately followed by a second
embolization with the larger ones.

The embolization endpoints were ten heartbeats flow
stasis for DEB-TACE while for the MBI a composite
endpoint was utilized (reflux of microspheres despite

«Center Xy»
Radioembolization
March
0,
31/84 (|36.9A) 2018
[ |
24/31 (77,4%) 7/31(22,6%)
SIRT b-SIRT
: |
SPECT/CT
January
2019

TACE: transarterial chemoembolization

b-TACE: balloon occluded transarteria
chemoembolization

SIRT: selective internal radiotherapy

b-SIRT: balloon occluded selective internal radiotherapy
OLT: Orthotopic Liver Trasplantation
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Table 1 Radiological tumoral characteristics of all the patients enrolled

Patients (n = 84) TACE n = 53 (63.1%)

p SIRT n = 31 (36.9%) p

Typology of treatment B-DEB-TACE

DEB-TACE

B-SIRT SIRT

Patients 27/53 (50.9%) 26/53 (49.1%) 7/31 (22.6%) 24/31 (77.4%)
Median number of nodules treated per 1 [CI 95%: 1-2] 1 [CI 95%: 1-1.45] 3.5 [CI: 1-9.2] 4 [CI: 3-5.65]
patient
Median nodule diameter (mm) 27 [CI 95%: 15.5 [CI 95%: 0.005 42 [CI: 34 [CL: 0.43
23.0-35.1] 14-22.5] 29.9-75.6] 31.0-47.6]
Mean nodule hypervascularity 1.67 + 0.46 1.53 £ 0.28 022  1.14 £0.25 1.41 £ 0.36 0.11
BCLC
A 10/27 (37%) 19/26 (73.1%) 0.009 0 0 1
B 17127 (73%) 7/26 (26.9%) 717 (100%) 24/24 (100%)
Clinical indication
Downstaging 4/27 (14.8%) 1/26 (3.8%) 037 0 0 1
Bridging 8/27 (29.6%) 10/26 (38.5%) 0 0
Palliative 15/27 (55.6%) 15/26 (57.7%) 7/7 (100%) 24/24 (100%)

balloon inflation following forced injection, visualization
of vascular anastomosis that could determine potential non-
target embolization, and manual perception of resistance to
embolic injection). Immediately after reaching the respec-
tive endpoints, a Ne-CBCT was performed. On Ne-CBCT,
all embolized nodules were completely segmented on a
single slice in which the maximum lesion diameter (defined
as ROI), the signal (pseudo-attenuation [HU*]), and the
noise (SD) of the ROI were recorded. This operation was
performed twice and then compared [16, 17]. In addition,
three ROIs [TR] were taken in the non-embolized liver
(area: 1 cm? each). The contrast was defined as the dif-
ference between the signal and the signal average of the
surrounding non-embolized liver parenchyma. Ne-CBCT
was evaluated by one radiologist (4 years of experience)
blinded to the treatment allocation.

SIRT and b-SIRT

All procedures were performed by one experienced
(> 15 years) interventional radiologist. In all cases, a
treatment simulation by injection of technetium-99 m
(99mTc) macro-aggregated albumin (MAA) was done
from the appropriate feeder artery and evaluated by SPECT
imaging [18]. The differences between SIRT and b-SIRT
included a 2.7 Fr micro-catheter or a balloon micro-
catheter both performed with resin-based microspheres.
Post-therapy SPECT/CT (Symbia IntevoTM system; Sie-
mens, Erlangen, Germany) scan was performed between 1
and 20 h after SIRT to evaluate the 90Y-microspheres
distribution (SIR-spheres Y-90 resin-microspheres, Sirtex
Medical Europe, Bonn, Germany). Post-therapy SPECT/
CT imaging was used to perform 2D and 3D dosimetry as
described below.

As a first step, the accuracy and intensity of 90Y-resin-
microspheres activity distribution were evaluated by com-
paring the 2D activity intensity peak (Pixel Value) of the
signal along a line crossing the treated area between
patients treated with or without balloon micro-catheter.
The higher the peak, the more intense was the signal inside
the treated area.

Then, 3D effective dose in Gy was delivered to the
target, and normal liver per unit cumulated activity (GBq)
was calculated based on the activity distribution on
SPECT/CT imaging. Lesion and normal liver were delin-
eated on MIM 6.1.7 workstation (MIM Software Inc.,
Cleveland, Ohio), and dose calculation was performed on
the obtained volumes [16, 19]. For each patient, the mean
absorbed dose (< D >) in Gy obtained for normal liver and
tumor were compared with expected values (< D > to
tumor > 100 Gy, < D > to normal liver < 40 Gy). The
SPECT/CT images were interpreted by one radiologist
(4 years of experience) blinded to treatment allocation
together with a medical physicist (5 years of experience).

Anatomopathological Analysis

Haematoxylin/eosin-stained histological sections of HCC
nodules were examined microscopically, and the PEG
microsphere presence was recorded in both peri-tumoral
and intra-tumoral areas by counting the total number of
PEG particles. The blinded pathologist examined all sec-
tions in which the tumor site of treatment was appreciable.
Maximum interslice gap was 3 mm. The anatomopatho-
logical specimen was evaluated by a pathologist with
20 years of experience.

@ Springer
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Study Outcomes

The aim of this study was to observe the different con-
centrations of PEG microspheres (TACE and anato-
mopathological specimen) and 90Y-microspheres (SIRT)
in patients who underwent micro-balloon catheter versus
standard trans-arterial therapies. Therefore, the evaluations
were done at (1) post-TACE quantitative pseudo-attenua-
tion analysis on Ne-CBCT, (2) post-SIRT SPECT dose
analysis, and (3) PEG microspheres deposition in the
anatomopathological specimen following OLT.

Assessment of treatment response was categorized
according to mRECIST criteria [20] at 1 and 3 months
after both treatments.

Statistical Analysis

Continuous variable group normality was tested using the
Kolmogorov—Smirnov Z test. Continuous data were
described as the mean value & SD, whereas non-Gaussian
with median and confidence interval 95%. T Student test or
Mann—Whitney test was used according to data distribu-
tion. P-value < 0.05 was defined as statistical significance.
Each P-value was calculated using a two-tailed signifi-
cance level. Statistical analysis was performed using
MedCalc 8.0 software (MedCalc Software bvba, Ostend,
Belgium).

Results

All TACE treatments [53/84 (63.1%) patients] were per-
formed in “Sapienza” hospital from January 2018 (first
usage of balloon micro-catheter) to January 2019 divided
into 26/53 (49.1%) DEB-TACE and 27/53 (50.9%)
b-TACE. All SIRT treatments [31/84 (36.9%) patients]
were performed in “Regina Elena” hospital from March
2018 (first usage of balloon micro-catheter) to January
2019, divided into 24/31 (77.4%) SIRT and 7/31 (22.6%)
b-SIRT. From the total cohort of 84 patients: 5/53 (9.4%)
patients of the TACE subgroup, 2/27 (7.4%) from the
b-DEB-TACE subgroup, and 3/26 (11.5%) from the DEB-
TACE subset underwent OLT. Radiological tumoral
characteristics of all patients enrolled are summarized in
Table 1.

Fifty-three patients were analyzed in the TACE group.
Contrast, signal-to-noise ratio, and contrast-to-noise ratio
were significantly higher in b-DEB-TACE vs. DEB-TACE
subgroup (182.33 pseudo-HU [CI95% 160.3-273.5] vs.
124 pseudo-HU [CI95% 80.6-163.6]; 8.3 [CI95%
5.7-10.1] vs 0.4.5 [CI95% 3.7-6.0]; 6.9 [CI95% 4.3-7.8]
vs. 3.1 [CI95% 2.2-5.0] p < 0.05, respectively). Figure 2
shows a comparison between a TACE and a b-DEB-TACE

@ Springer

patient. B-DEB-TACE signal had a trend of superiority,
without reaching statistical significance, compared with
DEB-TACE nodules (229.0 [CI95% 206.2-337.5] vs.
195.5 [CI95% 117.5-240.5]; p =0.07, respectively
(Table 2).

Thirty-one patients were analyzed in the SIRT group.
b-SIRT had a better dosimetry profile both in 2D and 3D
analyses. Concerning 2D evaluation, the activity intensity
peak was significantly higher in the b-SIRT subgroup than
SIRT (987.5 £ 393.8 vs. 567.7 £ 302.2, p =0.005), a
higher quantity of Y90-microspheres was delivered to the
target area of treatment with the same administered activ-
ity. In regard to the 3D dose analysis (expression of
Absorbed Dose in Gy), the mean dose < D > administered
to the treated areas was significantly higher in the b-SIRT
group than SIRT (151.6 Gy £ 53.2 vs. 100.1 Gy + 434,
p =0.01) with almost no increase of the mean dose
delivered to the normal liver (29.4 Gy &+ 5.7 wvs.
28.0 Gy £ 8.8, p =0.70). Figure 3 compares SIRT and
b-SIRT patients with similar anatomy, lesion size, and
lesion location.

After the specimen analysis, a trend was noted for
higher intra-tumoral localization of the PEG microspheres
for b-DEB-TACE compared to DEB-TACE (72.9 particles/
mm? + 21.9 vs. 25.0 particles/mm? £ 22.9, p = 0.10)
(Fig. 4).

Discussion

This study demonstrates the improved embolization per-
formance obtained using a micro-balloon leading to higher
microspheres concentration and higher therapeutic dose
delivered to the lesions. The three adopted methodologies
(Ne-CBCT, 2D and 3D analysis at SPECT/CT, and intra-
tumor microspheres deposition observed during the
pathological specimen analysis) converge to demonstrate
an advantage of micro-balloon interventions regardless of
the different embolic agent employed. These technical
advantages could lead to several clinical benefits in dif-
ferent fields of application.

Regarding TACE, Ne-CBCT assessed the deposition of
embolic material at the end of the embolization procedure
[5, 21]. Ne-CBCT demonstrated the ability of temporary
occlusion micro-balloon through higher contrast signal and
contrast to noise ratio, thus permitting maximization of
embolic agent uptake within the target lesion compared to
the standard non-occluded procedure, sparing surrounding
healthy liver parenchyma (Fig. 2). This evidence has sev-
eral potential impacts on clinical practice: on one side, a
higher dose of the administered drug to the target tumor
correlates with the better procedural oncological outcome
regardless of the sort of catheter employed [22]; on the
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Fig. 2 A comparison between
DEB-TACE (left column) and
B-TACE (right column) clinical
cases. A-B: pre-embolization
right oblique digital subtraction
angiography (DSA) demonstrate
hypervascular HCC; C-D:
single shot non subtracted x-ray
acquired immediately after the
end of the embolization
demonstrate a partial contrast
stain in the TACE procedure
(C) and a high density on
contrast at the end of b-TACE
procedure (D). E-F: post-
procedural not-enhanced cone-
beam CT (Ne-CBCT) confirmed
ad significantly different
pseudo-attenuation of the
nodule target of treatment

Table 2 CBCT parameters utilized in the study

Scan protocol

External detector size and maximum FoV (cm) 30 x 40
Voxel size 0.3

Matrix size 1.920 x 2.480
Cone angle 220°
Rotational angle 200°

Rotation speed 60 f/s
Duration scan time 5s

other hand, liver reserve sparing is a known significant
factor influencing post-TACE prognosis [23]. Moreover,
having TACE procedures a fixed drug threshold, b-TACE
has the advantage to ameliorate drug tumoral penetration
(ameliorate drug penetration since a trend towards a better
intra-tumoral microsphere penetration was observed at
specimen analysis) and this could further enhance treat-
ment response (Fig. 4).

Regarding SIRT, SPECT/CT imaging allows for quan-
tification of the absorbed dose (Gy) within the lesion and
the normal liver that is a key information for the radio-
logical effect assessment, and could allow to predict the
treatment success and/or complications such as radioem-
bolization-induced liver disease [24]. In this cohort, micro-
balloon interventions allowed a more accurate dose distri-
bution with the same amount of administered activity. A
higher signal intensity, represented by a higher 2D peak,
was assessed for the micro-balloon group. This data derives
from the increment of the 90Y-microspheres uptake and
deposition inside the lesion for b-SIRT compared to the
standard SIRT procedure. Moreover, 3D dosimetry
demonstrated that the balloon micro-catheter use leads to
achieving a higher mean absorbed dose (> 150 Gy) in the
lesion without increasing the dose delivered to surrounding
liver parenchyma. This aspect could result in an improved
efficacy and safety profile of the SIRT procedures, with a
more steep and sharp dose curve, limiting injuries to the

@ Springer
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Fig. 3 A comparison between a
SIRT (left column) and b-SIRT
(right column) patient that had
similar anatomy, lesion size,
and lesion location. A-B: pre-
embolization digital subtraction
angiography (DSA); C-D: dose
curves in Gy visualized on post-
treatment YOO SPECT/CT
images; E-G: visualization and
comparison of the 2D activity
intensity peaks of the signal
along a line crossing the lesion
on SPECT images

2400
2200
2000

1800
1600
1400
1200
1000 =—*—TARE
800
600
400
200

—+—b-TARE

Pixel Value

I 50 100 150 200 250 300 350 400
G Distance (mm)

surrounding parenchyma while higher therapeutic doses are ~ progressively increase in their clinical practice the
delivered to the target tumor (Fig. 3). dimension of nodules selected for this new technique,

The perception of a better efficacy profile with the use of  resulting in larger median diameters for the balloon micro-
the balloon micro-catheter lead the two centres to  catheter cohort treated with TACE. The final composition
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Fig. 4 Anatomopathological

{ ]
images showing hematoxylin— %‘5 koY

eosin-stained histological
sections of HCC nodules after
OLT. A: post-TACE OLT. PEG
particles presence was recorded
predominantly in peri-tumoral
areas (arrowhead). B: post-b-
TACE OLT. PEG particles
presence was recorded
predominantly in intra-tumoral
areas. (asterisk). The black
arrow depicts the tumor capsule

of cohorts reflects the hypothesis that the larger the tumor,
the more benefit is obtained from this technique. This
consideration led to a progressive increase of median target
nodule diameter enrolled in both institutions, as depicted
by the larger median diameter of the balloon occluded
cohort (B-TACE; B-SIRT). However, a statistically sig-
nificant difference in mean diameter was observed only for
TACE treatments because TACE lesions are usually
smaller in diameter if compared with SIRT.

No differences were found regarding contrast enhance-
ment in pre-procedural CT between b-DEB-TACE versus
DEB-TACE and b-SIRT versus SIRT (1.67 & 0.46 vs
1.53 £0.28; 1.14 £ 0.25 vs. 1.41 & 0.36; respectively;
p > 0.05).

During the period in which treatments were conducted
(January 2018-March 2019), no technical guidelines rec-
ommending which patients may benefit from balloon-oc-
cluded microcatheter-based procedures were published;
thus, as mentioned above, the decision for employing bal-
loon micro-catheter was at the discretion of the operator.

The main limitations of the study are its retrospective
and not randomized nature. Only a few patients have a
pathological correlation in the TACE arm, and no patient
underwent liver transplantation in the SIRT group because
of their baseline BCLC staging. These limitations are
because data were derived from our Institutional datasets
and they are representative of a wide variety of patients.
Another limitation is that Ne-CBCT was evaluated by a
single reader and last, pre-yttrium studies in the SIRT arm
were not performed using a balloon microcatheter, poten-
tially leading to different dosimetry.

The results of the present study demonstrate in vivo, due
to the use of three different methods, the ameliorative
embolization profile (measured as higher target lesion
signal at Ne-CBCT post-b-TACE, a higher signal at
SPECT/CT post-b-SIRT, and higher lesion absorbed dose
post-b-SIRT) of oncological interventions performed with
the balloon micro-catheter. These results are of relevance
because they are coherent even if derived from two

different clinical settings and the advantage is appreciable
regardless of the embolic employed (drug-eluting beads for
TACE or radioisotope for SIRT). This advantage could
translate into improved performance of the oncological
catheter-based treatments that will require to be validated
in large-scale studies.
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