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Abstract: The aim of this study was to present our preliminary experience with transarterial radioem-
bolization (TARE) using Yttrium-90 (0Y), compare the cancer-specific survival (CSS) of patients with
hepatocellular carcinoma (HCC) and colorectal cancer (CRC) liver metastases undergoing TARE, and
investigate the influence of additional treatments on CSS. Our database was interrogated to retrieve
patients who had undergone TARE using Yttrium-90 (**Y) glass or resin microspheres. Kaplan-Meier
curves and the log-rank test were employed to conduct survival analysis for the different groups
(p < 0.05). Thirty-nine patients were retrieved (sex: 27 M, 12 F; mean age: 63.59 + 15.66 years):
twenty-three with hepatocellular carcinoma (HCC) and sixteen with CRC liver metastasis. Globally,
the patients with HCC demonstrated a significantly longer CSS than those with CRC liver metastasis
(22.64 2.7 vs. 7.21 & 1.65 months; p = 0.014). Among the patients with CRC liver metastasis, those
receiving TARE and additional concomitant treatments (n = 10) demonstrated a longer CSS than
the CRC patients receiving only TARE (9.97 £ 2.21 vs. 2.59 & 0.24 months; p = 0.06). In the HCC
group, there was a trend of a longer CSS in patients (n = 8) receiving TARE and additional treatments
(27.89 £ 3.1 vs. 17.69 & 3.14 months; p = 0.15). Patients with HCC seem to achieve a longer survival
after TARE compared to patients with CRC liver metastases. In patients with CRC liver metastases,
the combination of TARE and additional concomitant treatments may improve survival.

Keywords: transarterial radioembolization; hepatocellular carcinoma; liver metastasis; microspheres;
Yttrium-90

1. Introduction

Transarterial radioembolization (TARE) stands at the forefront of modern medical
interventions, representing a sophisticated and minimally invasive procedure that uses
radioactive microspheres to deliver targeted radiation therapy to liver tumors [1]. The
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microspheres are predominantly labeled with Yttrium-90 (*°Y), which is a beta emitter
(2.280 MeV (Emax)) radionuclide with a half-life of 64.1 h, ultimately decaying into
zirconium-90, with a reasonably high linear energy transfer (LET) and an approximate
emission range of 5 mm [2]. The **Y-loaded microspheres are injected into the hepatic
artery, the main blood vessel that supplies blood to the liver. This procedure allows
the microspheres to be delivered directly to the tumor, minimizing exposure to the sur-
rounding healthy tissues. The specificity of this delivery mechanism is attributed to the
short penetration range of 3 radiation, which travels a short distance before it is absorbed
by tissue [3].

In the past decade, there has been growing utilization of TARE, specifically employing
either *’Y-glass or resin microspheres, particularly in patients affected by hepatocellular
carcinoma (HCC) or unresectable colorectal cancer (CRC) liver metastases [4]. Indeed,
according to the information that is currently available, TARE is a safe and effective
treatment for cancer that has metastasized to the liver as well as HCC.

HCC is still a prevalent and extremely lethal kind of cancer. According to the recent
data, the incidence of HCC is increasing globally, with regional differences being noted.
Liver cancer claimed 818,000 lives worldwide in 2013, a 9% rise from the 752,000 fatalities
reported in 2010 [5,6]. Surgical excision and liver transplantation are the main therapies for
hepatocellular carcinoma (HCC). Unfortunately, due to various reasons, such as multiple
unresectable tumors or underlying chronic liver disease, only a small fraction (20-30%) of
HCC patients are eligible for surgery. With greatlocal tumor control and good survival rates,
tumor ablation—which uses procedures like alcohol or acetic acid injection, microwaves,
lasers, cryoablation, and the widely utilized radiofrequency—has emerged as a popular and
very successful non-surgical option. Its effectiveness, however, decreases for larger tumors.
The recommended course of treatment for larger and more advanced-stage malignancies is
transarterial chemoembolization (TACE). TACE entails injecting embolic material, such as
gelatin sponge particles, after the intra-arterial infusion of lipiodol and a chemotherapeutic
drug, such as doxorubicin. Though successful, there are a few contraindications that restrict
the tolerability of TACE and make TARE an alternative efficient treatment option [7].

CRC is one of the most common malignancies worldwide, which ranks third in
terms of frequency (10.2% of all cancer cases worldwide) and second in terms of being
a major cause of cancer-related deaths (9.2% of all cancer deaths worldwide) [8]. With
15-25% of patients with CRC presenting with distant metastases at initial diagnosis, the
liver is the major location for distant dissemination [9] in approximately 60% of people
who develop metastases [10]. Patients who have liver-dominant metastases and are not
candidates for resection or ablation may receive chemotherapy, drug-eluting beads, or
radioactive particles directly into the hepatic artery through intraarterial infusion. The
goal of intraarterial therapy is to minimize liver toxicity and prevent systemic effects by
directly administering a concentrated dosage of chemotherapy or radiation via a catheter
into the tumor arterioles. The portal vein supplies most of the blood to the normal liver,
whereas the hepatic artery supplies most of the blood to hypervascular metastases (such as
neuroendocrine tumors) and hepatocellular carcinomas (HCCs). In comparison to the liver
parenchyma, hypovascular metastases—like colorectal cancer—also show a greater hepatic
artery supply. In order to achieve specificity in intraarterial therapy, the catheter must be
strategically positioned, and the arterial flow must be directed preferentially toward the
tumor [11,12].

Regarding the choice between glass and resin microspheres for TARE, glass micro-
spheres offer a distinct advantage of delivering a specific radiation dose with a reduced
number of particles, which can potentially minimize embolic effects. Therefore, they are
considered a more appropriate treatment option in situations where achieving early stasis
or addressing reflux is a concern, especially in cases of HCC with portal vein invasion and
for radiation segmentectomy. In contrast, resin microspheres have a lower activity per
particle, necessitating a higher number of particles to achieve the same radiation dose. As a
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result, resin microspheres are typically preferred for larger tumors and those with a high
arterial flow [13].

TARE has been extensively proved as an effective first- or second-line treatment
in patients with advanced HCC. In contrast to the conventional treatment protocols for
the intermediate and advanced stages, namely transarterial embolization and sorafenib,
radioembolization consistently yields comparable survival rates [14]. Furthermore, the
RESIN trial demonstrated in a multicenter cohort of 498 patients that TARE is an effective
second-line treatment for patients with CRC liver metastases [4].

Overall, although there is mounting evidence with regards to the beneficial effect
of TARE in HCC and CRC liver metastases, there are still limited medical centers with
personnel trained to perform TARE. Furthermore, the combined use of systemic therapy
and TARE is still debated. Systemic therapy remains the primary recommended treat-
ment for hepatocellular carcinoma (HCC) characterized by macrovascular invasion (MVI).
Since sorafenib is the only approved systemic medication for treating advanced HCC,
its historical value cannot be denied. Nevertheless, in patients with intermediate-stage
illness, the combination of sorafenib with catheter-based therapy has not shown any proven
benefits [15-20]. Also, a recent meta-analysis did not favor the combined use of sorafenib
and TARE in HCC patients [21].

The aim of this study was to compare the effect of TARE on the survival of patients
with HCC and patients with CRC liver metastases and to investigate the influence of
additional treatments on CSS.

2. Materials and Methods
2.1. Patients

The database of our center was interrogated by two researchers (N.Q., S.I) to retrieve
patients who had undergone TARE with *Y glass or resin microspheres. The eligibility crite-
ria for enrolment in the study were age > 18 years; histologically proven or imaging-based
diagnosis of unresectable HCC or CRC liver metastasis with unilobar or bilobar involvement;
life expectancy > 6 months; preserved liver function with Child-Pugh Class A or B; East-
ern Cooperative Oncology Group (ECOG) performance status < 2; bilirubin < 2.0 mg/dL;
albumin > 2.0 g/dL; availability of pre-treatment hepatic angioscintigraphy with *™Tc-
macroaggregated albumin (MAA); a post-radioembolization *’Y PET/CT scan carried out
within 12 h from TARE; information on additional treatment beyond TARE; and a minimum
follow-up of 24 months. Patients with CRC liver metastases had undergone surgical removal
of the primary tumor before undergoing TARE.

The main exclusion criteria included previous radiotherapy to the liver, ascites, un-
resolved toxicity from first-line therapy, extra-hepatic metastases, or contraindications
to angiography.

For each patient, beyond the inclusion criteria, the following information were re-
trieved: age, sex, intent (segmentectomy, lobectomy, bridging or palliative care), addi-
tional treatment, number of liver metastatic sites (for the CRC group), lobar involvement
(uni- or bilobar), diameter of the main tumor lesion within the liver, lobar volume (cm?),
organ volume (cm?), tumor volume (cm?), injected activity (GBq), dose to the tumor
(GBq), follow-up period (months), side effects and radiation-induced effects, and date of
cancer-specific death.

Ethical approval for conducting the study was waived by the local ethics committee in
view of the retrospective nature of the study.

2.2. Pre-Treatment Imaging

Before TARE, all the patients underwent at our center an angiography of the hepatic
vasculature for treatment planning and a liver angioscintigraphy with M Tce-MAA (fixed dose:
185 MBq) to evaluate the percentage of injected activity shunted to the lungs and foresee the
distribution of the “°Y-TARE spheres. These procedures were performed in a fully equipped
Innova angiography suite (General Electric Healthcare, Milwaukee, WI, USA).
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The *™Tc-MAA scan was acquired using a dual-head gamma camera (Infinia; General
Electric Healthcare, Milwaukee, WI, USA) and a high-resolution, low-energy collimator.
Whole-body anterior and posterior projections of the superior abdominal regions were
obtained using 120 s planar pictures, with the energy window set at 140 + 10 keV. Ninety-
nine step-and-shoot mode projections were recorded in 360 degrees (10 s per step) for the
SPECT/CT using a 256 x 256 matrix. Each *™Tc-MAA scan was reviewed jointly by two
board-certified nuclear medicine physicians, both with >5 years of experience on a Xeleris
1.123 GE workstation (GE Medical Systems, Milwaukee, WI, USA). The CT and 9IMT_MAA
SPECT/CT scans were analyzed and compared jointly by an interventional radiologist and
a nuclear medicine physician to evaluate the uptake of “*™Tc-MAA within the tumor area
(CT-MAA agreement) and classified as positive or negative for the presence of shunts to the
lungs. In the case of no evidence of a significant hepato-pulmonary shunt fraction (<20%),
patients were submitted to °Y-TARE within 21 days from the ™ Tc-MAA scan.

2.3. The 2°Y-TARE Procedure

All patients were treated with TARE after multidisciplinary team discussions according
to the different intents. The pre-procedural exams for the completion of staging included
baseline imaging studies: liver sonography, clinical and laboratory examination, contrast-
enhanced CT (ce-CT), and ['8F]FDG PET/CT. Dosimetric estimations at the voxel level
were obtained using the commercially available software Simplicit’®Y™ v2.4 (Mirada
Medical, Oxford, UK). The prescribed *°Y activity for the SIR microspheres was determined
on the basis of a multicompartment dosimetric estimation, whereas a noncompartmental
method was used for the TheraSpheres.

Notably, in the case of the glass microspheres, in the patients with HCC, the absorbed
doses were calculated in order to achieve a desirable minimal dose of 120 Gy to the perfused
liver for lobar treatment and a minimum tumor-absorbed dose of 205 Gy, as recommended
by Salem et al. [22].

After selective catheterization of the right/left hepatic artery to assess the vascular and
tumor anatomy and blood flow, the patient was administered with either *°Y resin spheres
(SIR-Spheres; Sirtex Medical, Sydney, Australia) or °Y glass microspheres (TheraSpheres;
Boston Scientific, Boston, MA, USA). The choice of radiopharmaceutical between the
Y resin spheres and 'Y glass microspheres was made based on multidisciplinary dis-
cussions among the nuclear medicine physician, the interventional radiologist, and the
physicist.

2.4. Post-Treatment Imaging

Immediately after the “°Y-TARE procedure, all subjects underwent a “*Y-PET/CT scan
within 4-12 h to assess the microsphere distribution pattern, confirm technical success, and
detect any non-target activity. The PET/CT scan was carried out using a PET/CT scanner
(GE Discovery STE, GE Healthcare, Milwaukee, WI, USA). The first procedure was a CT
scan (140 kVp, 30-300 mA, 3.75 mm slice thickness) used for attenuation correction and
anatomical localization. A maximum of one or two bed positions was used during the
PET scan acquisition, allowing for 15 min per bed position to cover the entire liver. Three
iterations and eighteen subsets were used in the reconstruction process.

The P™Tc-MAA SPECT/CT and 2°Y PECT/CT scans were compared by the same
nuclear medicine physician who planned the treatment to evaluate the overlap of the
distribution between the MAA particles and microspheres.

2.5. Statistics

Categorical variables were characterized by number (%) representation, while con-
tinuous data were described using medians and ranges or means + standard deviation.
The Chi-square test was employed to evaluate distinctions between categorical variables,
and a two-tailed Student’s t-test was applied to assess any difference between two inde-
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pendent patient groups (p < 0.05). The distribution of the data was assessed by using the
Shapiro-Wilk normality test.

The CSS of each patient was retrieved and measured in months based on the time
intercurred from the date of TARE and the date of death at the last available follow-
up. Patients who died from causes unrelated to oncological disease were not counted in
this measurement. Kaplan-Meier curves were employed to conduct, separately, survival
analysis for each group; the survival curves of the different groups were compared using
the log-rank test at a 0.05 level of significance (p < 0.05). The CSS of the HCC patients
was compared with that of the patients with CRC liver metastases. Additionally, for
each pathology-based patient group, the influence of additional treatments was assessed,
comparing the CSS of patients receiving only TARE with that of patients receiving TARE
and additional treatments.

The statistics were calculated using MedCalc 11.3.8.0 (MedCalc software,
Mariakerke, Belgium).

3. Results

From a total of 150 patients who had undergone TARE, 39 patients with complete
datasets (liver angioscintigraphy, post-radioembolization *°Y PET/CT scan, and clinical
information listed in the eligibility criteria) were retrieved (sex: 27 M, 12 F; mean age:
63.59 £ 15.66 years; 23 with unrespectable HCC and 16 with liver metastases from CRC).

The median follow-up from TARE to the last available record (April 2023) was
69 months (range: 39-91 months). In the HCC group, the indications were segmentectomy
(n = 18), lobectomy (3), sequential lobectomy (1), and bridging (1). In the CRC group,
the indications were segmentectomy (n = 6), lobectomy (4), sequential lobectomy (2), and
palliative care (4).

The mean administered activity was 2.27 GBq, and the mean dose to the tumor was
257.56 Gy. A total of 10 of 16 patients with liver metastases from CRC received additional
treatments with sorafenib (n = 7), regorafenib (n = 2), or both (n = 1). Eight patients in the
HCC group received additional treatments (sorafenib).

Regarding the safety of TARE, in the HCC group, 15 cases of side-effects were regis-
tered: pain, nausea, ascites, jaundice, dyspnea/pleural effusion, asthenia, pruritus, por-
tosystemic encephalopathy. A total of 3 of these 15 patients also experienced radiation-
induced side effects, including radiation-induced liver disease (n = 2) and actinic pneumo-
nia (n = 1). In the CRC group, 9/16 patients experienced side effects including fever, pain,
nausea, ascites, dyspnea/pleural effusion, cholecystitis, asthenia, and pruritus.

No statistically significant different was found between the categorical and continuous
clinical variables of the HCC and CRC patient groups.

A summary of the main results for the whole cohort and the HCC and CRC subgroups
is provided in Table 1.

Table 1. Main characteristics of the HCC and CRC patient groups.

Whole Cohort HCC CRC Liver Metastases  p Significance

Number of patients 39 23 16 NA
Mean age (SD), years 63.59 £ 15.66 66.77 £ 13.67 58.60 + 17.46 ns

Sex (m) 27 17 (73.9%) 10 (62.5%) ns
ECOG performance status 1 7 4 3 ns
Palliative intent of TARE

(n. patients) 4 0 4 ns
Patients receiving additional treatments 18 (46.1%) 8 (34.7%) 10 (62.5%) ns
Mean number of liver metastatic sites 21+0.6 217 £0.8 2 ns
Bilobar involvement 12 4 (17.39%) 8 (50%) ns

(n. patients)
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Table 1. Cont.

Whole Cohort HCC CRC Liver Metastases  p Significance
Mean diameter of the main tumor lesion 54.32 56.82 49.75 ns
Mean lobar volume (cm?) 997.55 942.74 1067 ns
Mean organ volume (cm®3) 1650.75 1648.33 1653.67 ns
Mean tumor volume (cm?) 339.13 360.64 305.67 ns
Mean injected activity (GBq) 227 1.98 £0.75 2.68 £ 1.01 ns
Mean dose to the tumor (Gy) 257.56 246.93 274.11 ns
Mean follow-up (SD), months 69 (39-91) 69.07 £+ 12.07 74.05 £+ 6.95 ns
Side effects (n. patients) 23 15 (65.21%) 9 (56.25%) ns
Radiation-induced side effects 3 3 (13%) 0 NA

(n. patients)

The patients with HCC demonstrated a significantly longer CSS than those with liver
metastasis from CRC (22.64 £ 2.7 vs. 7.21 £ 1.65 months; p = 0.014) (Figure 1).

HCC vs. CRC liver metastasis
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Figure 1. Kaplan—-Meier curves of patients with HCC and patients with CRC liver metastases.

3.1. Patients with HCC

Among the patients with HCC, the patients receiving TARE and additional treatment
(n = 8) demonstrated a trend of a longer CSS than the HCC patients receiving only TARE,
although this did not reach statistical significance (n = 15; 27.89 £ 3.1 vs. 17.69 £ 3.14 months;
p = 0.15; Figure 2).

HCC (TARE) vs. HCC (TARE + additional treatments)
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Figure 2. Kaplan-Meier curves of patients with HCC undergoing TARE and patients with HCC
receiving TARE and additional treatments.
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3.2. Patients with CRC Liver Metastases

Among the patients with CRC liver metastases, those receiving TARE and additional
concomitant treatments (n = 10) demonstrated a longer CSS than the CRC patients receiving
only TARE (9.97 £ 2.21 vs. 2.59 £ 0.24 months; p = 0.06; Figure 3).

CRC (TARE) vs. CRC (TARE + additional treatments)
100

g 80 |~
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5 60 [~ LI—‘ CRC - additional treatments
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._: 20 — Yes
b
s B
Z 20 =
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Number at risk
Group: No

6 0 0 0 0
Group: Yes

10 4 1 1 0

Figure 3. Kaplan—-Meier curves of patients with CRC liver metastases undergoing TARE and patients
with CRC liver metastases receiving TARE and additional treatments.

A representative case of a patient with CRC liver metastasis treated with TARE is
shown in Figure 4.

Figure 4. Images of a patient undergoing radioembolization of a hepatic metastasis from colorectal
cancer. (A) (Upper box): SPECT/CT images (diagnostic phase) 2 h acquired after administration of
9mMTe-MAA; (B) (Inferior box): PET/CT images (therapeutic phase) acquired 2 h after the adminis-
tration of Y TheraSpheres, showing successful distribution of *°Y TheraSpheres matching that of
9mMTe-MAA in the diagnostic phase.



Curr. Oncol. 2024, 31

1511

4. Discussion

TARE is an effective therapy that can be used with different intents. It can be used
to shrink tumors before surgery or liver transplantation. It is also a bridging and down-
staging therapy, meaning that it can help patients who are not yet eligible for surgery or
transplantation to become eligible [23]. TARE has been traditionally used to treat advanced
HCC, but recent improvements in the technique have made it effective for treating solitary
HCC as well. Furthermore, it is a safe procedure when performed in the context of an
expert multidisciplinary team. Alternative embolization treatments include conventional
transarterial chemoembolization (cTACE) and drug-eluting beads (DEB-TACE) [10]. TARE
has significantly less complications than conventional transarterial chemoembolization
(cTACE) and drug-eluting beads (DEB-TACE) in patients with HCC [24].

The frequency of advanced-stage hepatocellular carcinoma (HCC) with poor prog-
noses is still on the rise, even with the use of antiviral drugs and improved surveillance
systems. For the past ten years, systemic treatment with multitargeted tyrosine kinase
inhibitors (TKIs), such as sorafenib, has been the standard approach. Furthermore, TKI
combination therapy with other drugs, including as antiangiogenic inhibitors and immune
checkpoint inhibitors (ICIs), has shown promise in the treatment of advanced HCC [25].
However, the shortcomings of low disease response rates, unacceptable adverse effects,
and a comparatively short overall survival call for the creation of innovative or improved
treatments for advanced HCC. Within the boundaries of the intermediate and advanced
phases of HCC, two particular scenarios seem especially appealing for the application of
TARE. First, patients in between the intermediate and advanced stages are treated. These
patients include those with advanced-stage single tumors infiltrating a segmental or lobar
branch of the portal vein, as well as those with substantial or bilobar disease who are con-
sidered unsuitable candidates for transarterial chemoembolization (TACE). Second, in cases
where downstaging could potentially open the door to a more radical treatment strategy,
TARE can be taken into consideration for patients who just barely meet the requirements
for resection, ablation, or transplantation. Moreover, TARE can be used to treat patients
who do not respond well to TACE or sorafenib therapy [14].

For patients with liver-dominant CRC that are not responsive to resection or ablation,
radioembolization is advised in accordance with the guidelines from the National Com-
prehensive Cancer Network. It is also recommended for HCC, or hepatocellular cancer.
For colorectal liver metastases that are resistant to chemotherapy, the European Society
for Medical Oncology recommend considering radioembolization, especially in salvage
circumstances [26]. The current guidelines, however, do not agree on the use of radioem-
bolization as a first-line therapy because there are not enough data. Surgical removal of
CRC liver metastases has shown promising 5-year survival rates of 20-70%, making it the
preferred treatment option for suitable patients. However, due to technical constraints and
the severity of the disease, a significant portion (70-80%) of individuals with extensive liver
metastases are unable to undergo surgery [27]. There is expanding evidence that TARE
provides a longer time to progression compared to transarterial chemoembolization (TACE)
in patients with HCC [28]. Similarly, in patients with CRC liver metastases, according to
the results of the EPOCH trial, including 428 patients, TARE reduces the risk of disease
progression or death compared to chemotherapy alone [10].

In our center’s experience, patients undergoing TARE with either resin or glass
YY-spheres showed a CSS comparable with that reported in the literature
(22.64 £ 2.7 for patients with HCC and 7.21 + 1.65 months for patients with liver metastases
from CRC). Interestingly, the effect of additional treatments had more beneficial results in
the group of patients with liver metastases from CRC (CS: 9.97 £ 2.21 months) compared to
the  patients not  receiving  concomitant  pharmacological  treatment
(CSS: 2.59 £ 0.24 months). The additional treatments in our CRC patient cohort included
sorafenib, regorafenib, or a combination of both. Given the existence of a statistical trend,
we suppose that the lack of statistical significance for a longer CSS in HCC patients receiv-
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ing additional treatments compared to patients receiving only TARE may be attributed to
the limited number of the patient sample.

Person-related predictors of unfavorable outcomes in patients undergoing TARE include
an older age (>70 years) [29,30], male sex [31], a higher tumor grade, a larger tumor size, a later
tumor stage, a lack of treatment with surgery or systemic therapy, the presence of lymphatic or
vascular invasion [32], a Child-Pugh score (CPS) of B or C vs. A, and an Eastern Cooperative
Oncology Group performance status (ECOG-PS) of 2 or 1 vs. 0 [33,34]. Other factors that
positively influence survival in patients receiving TARE are administered activity and mean
dose to the tumor [35]. Further, the prospective CIRT study demonstrated as independent
prognostic factors for OS in patients with HCC treated with TARE the presence of ascites,
right-sided tumors, the presence of portal vein thrombosis, and main portal vein thrombosis,
ALBI grades 2 and 3 [34].

Side effects were reported in a large portion of our patients, in 15/23 (65%) HCC
patients and 9/16 (56%) CRC patients. Nevertheless, the majority of these adverse events
were not severe, confirming the safety profile of TARE.

Our study had several limitations. First, we have to mention the limited sample size of
the samples. Furthermore, different groups received different protocols of systemic therapy
and different intents behind TARE. The limited sample size and the numerous clinical
variables might have influenced the individual CSS in our patient cohort, and our findings
would need to be reassessed in studies with larger patient samples.

Future studies may assess whether the combination of TARE and systemic therapy
may improve survival in other cancers, such as cholangiocarcinoma and other oncological
diseases metastasizing to the liver, such as breast cancer and neuroendocrine tumors. Other
investigations may also assess the additional effect on survival of immunotherapy in HCC
and CRC patients treated with TARE. Furthermore, the potential benefit of using jolmium-
166 (1®°Ho) as a radionuclide for TARE may be examined. Indeed, due to its imaging
properties, specialists have been interested in the therapeutic isotope '®Ho since it was
first suggested as a possible option for liver radioembolization therapy. Indeed, ®®Ho
is a beta emitter that also belongs to the lanthanide group and emits gamma rays. As a
result, it may be detected using magnetic resonance imaging and single-photon emission
computed tomography, respectively. The capacity to carry out the scout and treatment
processes with a single particle is another benefit of 1°°Ho. This provides more control
over dosimetry-based patient selection and treatment planning and opens the door to the
potential for a customized treatment strategy [36].

The use of machine learning and radiomics in the treatment of malignant liver tumors
may greatly change medical procedures in future. Radiomics uses sophisticated algorithms
to extract various quantitative aspects, such as texture, intensity, and structure, from
medical images. Deep learning in particular, which is a type of machine learning, makes
it easier to integrate and analyze these data from various picture sources. This potent
combination makes it possible to forecast how malignant liver tumors will react to various
treatments and situations [37].

5. Conclusions

Patients with liver metastases from CRC receiving TARE had a shorter survival than
those with HCC. In patients with liver metastases from CRC, additional concomitant treat-
ments and increasing the injected activity and mean dose to the tumor are recommended
in order to achieve a better outcome.

Author Contributions: Conceptualization, N.Q., D.S., EM., EB. and G.M.; methodology, F.D.,
M.R.B,, E.B., VP, A.C. (Antonio Carroccio) and EV.; software, ED. and EL.G.; validation, A.C.
(Angelina Cistaro), EV,, G.M., D.S. and G.F,; formal analysis, N.Q., D.S. and M.G.B.; investigation,
S.I. and M.G.B.; resources, A.C. (Antonio Carroccio); data curation, V.P., EM., GM. and M.G.B,;
writing—original draft preparation, N.Q., AM.M. and D.S., editing—review and editing, A.C.
(Angelina Cistaro), S.I. and F.D.; visualization, M.R.B.; supervision, E.B. and F.B.; project administra-



Curr. Oncol. 2024, 31 1513

tion, G.E; funding acquisition, EL.G. and A M.M. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical approval for conducting the study was waived by
the local ethics committee in view of the retrospective nature of the study. The study was conducted
in accordance with the Declaration of Helsinki.

Informed Consent Statement: Written informed consent has been obtained from the patients to
publish this paper.

Data Availability Statement: Data can be provided upon reasonable request bona fide.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Mikell, ] K.; Dewaraja, Y.K.; Owen, D. Transarterial radioembolization for hepatocellular carcinoma and hepatic metastases:
Clinical aspects and dosimetry models. Semin. Radiat. Oncol. 2020, 30, 68-76. [CrossRef] [PubMed]

Sgouros, G.; Bodei, L.; McDevitt, M.R.; Nedrow, J.R. Radiopharmaceutical therapy in cancer: Clinical advances and challenges.
Nat. Rev. Drug Discov. 2020, 19, 589-608. [CrossRef]

Casans-Tormo, I.; Guijarro-Rosaleny, J.; Lluch-Garcia, P.; Rodriguez-Parra, H.; Rosell6-Kerdnen, S.; Asensio-Valero, L. Evaluation
of results after 112 radioembolizations with 90y-microspheres. Rev. Espafiola De Med. Nucl. E Imagen Mol. 2023, 42, 255-264.
[CrossRef]

Emmons, E.C.; Bishay, S.; Du, L.; Krebs, H.; Gandhi, R.T.; Collins, Z.S.; O’'Hara, R.; Akhter, N.M.; Wang, E.A_; Grilli, C.; et al.
Survival and toxicities after (90)y transarterial radioembolization of metastatic colorectal cancer in the resin registry. Radiology
2022, 305, 228-236. [CrossRef]

Forouzanfar, M.H.; Alexander, L.; Anderson, H.R.; Bachman, V.E; Biryukov, S.; Brauer, M.; Burnett, R.; Casey, D.; Coates, M.M,;
Cohen, A.; et al. Global, regional, and national comparative risk assessment of 79 behavioural, environmental and occupational,
and metabolic risks or clusters of risks in 188 countries, 1990-2013: A systematic analysis for the global burden of disease study
2013. Lancet 2015, 386, 2287-2323. [CrossRef]

Lozano, R.; Naghavi, M.; Foreman, K.; Lim, S.; Shibuya, K.; Aboyans, V.; Abraham, J.; Adair, T.; Aggarwal, R.; Ahn, S.Y,; et al.
Global and regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: A systematic analysis for the global
burden of disease study 2010. Lancet 2012, 380, 2095-2128. [CrossRef] [PubMed]

Sacco, R.; Conte, C.; Tumino, E.; Parisi, G.; Marceglia, S.; Metrangolo, S.; Eggenhoffner, R.; Bresci, G.; Cabibbo, G;
Giacomelli, L. Transarterial radioembolization for hepatocellular carcinoma: A review. J. Hepatocell. Carcinoma 2016, 3, 25-29.
[CrossRef] [PubMed]

Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: Globocan estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer |. Clin. 2018, 68, 394-424. [CrossRef]

van der Geest, L.G.; Lam-Boer, ].; Koopman, M.; Verhoef, C.; Elferink, M.A.; de Wilt, ].H. Nationwide trends in incidence, treatment
and survival of colorectal cancer patients with synchronous metastases. Clin. Exp. Metastasis 2015, 32, 457—-465. [CrossRef]
Mulcahy, M.E;; Mahvash, A.; Pracht, M.; Montazeri, A.H.; Bandula, S.; Martin, R.C.G., 2nd; Herrmann, K.; Brown, E.; Zucker-
man, D.; Wilson, G.; et al. Radioembolization with chemotherapy for colorectal liver metastases: A randomized, open-label,
international, multicenter, phase iii trial. J. Clin. Oncol. 2021, 39, 3897-3907. [CrossRef]

Boas, FE.; Brody, L.A.; Erinjeri, ].P; Yarmohammadi, H.; Shady, W.; Kishore, S.; Sofocleous, C.T. Quantitative measurements of
enhancement on preprocedure triphasic ct can predict response of colorectal liver metastases to radioembolization. AJR Am. ]. Roentgenol.
2016, 207, 671-675. [CrossRef]

Boas, EE.; Kamaya, A.; Do, B.; Desser, T.S.; Beaulieu, C.E; Vasanawala, S.S.; Hwang, G.L.; Sze, D.Y. Classification of hypervascular
liver lesions based on hepatic artery and portal vein blood supply coefficients calculated from triphasic ct scans. . Digit. Imaging
2015, 28, 213-223. [CrossRef]

Boas, EE.; Bodei, L.; Sofocleous, C.T. Radioembolization of colorectal liver metastases: Indications, technique, and outcomes.
J. Nucl. Med. 2017, 58, 104s—111s. [CrossRef]

Sangro, B.; Inarrairaegui, M.; Bilbao, ].I. Radioembolization for hepatocellular carcinoma. J. Hepatol. 2012, 56, 464-473. [CrossRef]
Chao, Y.; Chung, Y.H.; Han, G.; Yoon, ].H.; Yang, J.; Wang, J.; Shao, G.L.; Kim, B.I,; Lee, T.Y. The combination of transcatheter
arterial chemoembolization and sorafenib is well tolerated and effective in asian patients with hepatocellular carcinoma: Final
results of the start trial. Int. J. Cancer 2015, 136, 1458-1467. [CrossRef] [PubMed]

Geschwind, J.E.; Chapiro, J. Sorafenib in combination with transarterial chemoembolization for the treatment of hepatocellular
carcinoma. Clin. Adv. Hematol. Oncol. H&O 2016, 14, 585-587.

Geschwind, J.E; Kudo, M.; Marrero, J.A.; Venook, A.P.; Chen, X.P.; Bronowicki, ].P; Dagher, L.; Furuse, J.; Ladron de Guevara, L.;
Papandreou, C.; et al. Tace treatment in patients with sorafenib-treated unresectable hepatocellular carcinoma in clinical practice:
Final analysis of gideon. Radiology 2016, 279, 630-640. [CrossRef]


https://doi.org/10.1016/j.semradonc.2019.08.005
https://www.ncbi.nlm.nih.gov/pubmed/31727302
https://doi.org/10.1038/s41573-020-0073-9
https://doi.org/10.1016/j.remnie.2023.05.004
https://doi.org/10.1148/radiol.220387
https://doi.org/10.1016/S0140-6736(15)00128-2
https://doi.org/10.1016/S0140-6736(12)61728-0
https://www.ncbi.nlm.nih.gov/pubmed/23245604
https://doi.org/10.2147/JHC.S50359
https://www.ncbi.nlm.nih.gov/pubmed/27574589
https://doi.org/10.3322/caac.21492
https://doi.org/10.1007/s10585-015-9719-0
https://doi.org/10.1200/JCO.21.01839
https://doi.org/10.2214/AJR.15.15767
https://doi.org/10.1007/s10278-014-9725-9
https://doi.org/10.2967/jnumed.116.187229
https://doi.org/10.1016/j.jhep.2011.07.012
https://doi.org/10.1002/ijc.29126
https://www.ncbi.nlm.nih.gov/pubmed/25099027
https://doi.org/10.1148/radiol.2015150667

Curr. Oncol. 2024, 31 1514

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Lencioni, R.; Llovet, ] M.; Han, G.; Tak, W.Y,; Yang, J.; Guglielmi, A.; Paik, S.W.; Reig, M.; Kim, D.Y.; Chau, G.Y; et al. Sorafenib
or placebo plus tace with doxorubicin-eluting beads for intermediate stage hce: The space trial. J. Hepatol. 2016, 64, 1090-1098.
[CrossRef] [PubMed]

Park, ] W.; Koh, Y.H.; Kim, H.B.; Kim, H.Y.; An, S.; Choi, ].I.; Woo, S.M.; Nam, B.H. Phase ii study of concurrent transarterial
chemoembolization and sorafenib in patients with unresectable hepatocellular carcinoma. ]. Hepatol. 2012, 56, 1336-1342.
[CrossRef] [PubMed]

Pawlik, TM.; Reyes, D.K.; Cosgrove, D.; Kamel, I.R.; Bhagat, N.; Geschwind, J.E. Phase ii trial of sorafenib combined with
concurrent transarterial chemoembolization with drug-eluting beads for hepatocellular carcinoma. J. Clin. Oncol. 2011,
29, 3960-3967. [CrossRef] [PubMed]

Facciorusso, A.; Paolillo, R.; Tartaglia, N.; Ramai, D.; Mohan, B.P.; Cotsoglou, C.; Chandan, S.; Ambrosi, A.; Bargellini, I.;
Renzulli, M.; et al. Efficacy of combined transarterial radioembolization and sorafenib in the treatment of hepatocarcinoma: A
meta-analysis. Dig. Liver Dis. Off. |. Ital. Soc. Gastroenterol. Ital. Assoc. Study Liver 2022, 54, 316-323. [CrossRef] [PubMed]
Salem, R.; Padia, S.A.; Lam, M.; Chiesa, C.; Haste, P; Sangro, B.; Toskich, B.; Fowers, K.; Herman, ].M.; Kappadath, S.C.; et al. Clinical,
dosimetric, and reporting considerations for y-90 glass microspheres in hepatocellular carcinoma: Updated 2022 recommendations
from an international multidisciplinary working group. Eur. J. Nucl. Med. Mol. Imaging 2023, 50, 328-343. [CrossRef] [PubMed]

Li, X;; Yue, X,; Zhang, L.; Liu, C.; Wang, J.; Zhang, H.; Cai, P. Imaging evaluation following transarterial radioembolization with
yttrium-90 microspheres downstaging hepatocellular carcinoma: The first case in china. Quant. Imaging Med. Surg. 2023, 13, 2744-2750.
[CrossRef] [PubMed]

Yang, B.; Liang, J.; Qu, Z.; Yang, F; Liao, Z.; Gou, H. Transarterial strategies for the treatment of unresectable hepatocellular
carcinoma: A systematic review. PLoS ONE 2020, 15, e0227475.

Li, X;; Wang, Y.; Ye, X,; Liang, P. Locoregional combined with systemic therapies for advanced hepatocellular carcinoma: An
inevitable trend of rapid development. Front. Mol. Biosci. 2021, 8, 635243. [CrossRef] [PubMed]

Van Cutsem, E.; Cervantes, A.; Adam, R.; Sobrero, A.; Van Krieken, ].H.; Aderka, D.; Aranda Aguilar, E.; Bardelli, A.; Benson, A;
Bodoky, G.; et al. Esmo consensus guidelines for the management of patients with metastatic colorectal cancer. Ann. Oncol. Off. ].
Eur. Soc. Med. Oncol. 2016, 27, 1386-1422. [CrossRef] [PubMed]

Jeyarajah, D.R.; Doyle, M.B.M.; Espat, N.J.; Hansen, P.D.; Iannitti, D.A.; Kim, J.; Thambi-Pillai, T.; Visser, B.C. Role of yttrium-90
selective internal radiation therapy in the treatment of liver-dominant metastatic colorectal cancer: An evidence-based expert
consensus algorithm. J. Gastrointest. Oncol. 2020, 11, 443-460. [CrossRef] [PubMed]

Brown, A.M.; Kassab, I.; Massani, M.; Townsend, W.; Singal, A.G.; Soydal, C.; Moreno-Luna, L.; Roberts, L.R.; Chen, V.L.; Parikh,
N.D. Tace versus tare for patients with hepatocellular carcinoma: Overall and individual patient level meta analysis. Cancer Med.
2023, 12, 2590-2599. [CrossRef]

Filippi, L.; Bagni, O.; Notarianni, E.; Saltarelli, A.; Ambrogi, C.; Schillaci, O. Pet/ct with (18)f-choline or (18)f-fdg in hepatocellular
carcinoma submitted to (90)y-tare: A real-world study. Biomedicines 2022, 10, 2996. [CrossRef]

Lim, T.S.; Rhee, H.; Kim, G.M,; Kim, S.U.; Kim, B.K,; Park, J.Y.; Ahn, S.H.; Han, K.H.; Choi, ].Y;; Kim, D.Y. Alpha-fetoprotein,
des-gamma-carboxy prothrombin, and modified recist response as predictors of survival after transarterial radioembolization for
hepatocellular carcinoma. J. Vasc. Interv. Radiol. JVIR 2019, 30, 1194-1200.e1191. [CrossRef]

Tohme, S.; Bou Samra, P.; Kaltenmeier, C.; Chidi, A.P; Varley, PR.; Tsung, A. Radioembolization for hepatocellular carcinoma: A
nationwide 10-year experience. J. Vasc. Interv. Radiol. JVIR 2018, 29, 912-919.e912. [CrossRef] [PubMed]

Wu, X.; Heller, M.; Lokken, R.P,; Fidelman, N.; Lam, A. Socioeconomic and survival analysis of radioembolization in patients
with intrahepatic cholangiocarcinoma: A propensity score-adjusted study. J. Vasc. Interv. Radiol. JVIR 2023, 34, 815-823.e811.
[CrossRef] [PubMed]

Abdallah, M.A.; Wongjarupong, N.; Hassan, M.A; Taha, W.; Abdalla, A.; Bampoh, S.; Onyirioha, K.; Nelson, M.; Glubranson, L.A;
Wiseman, G.A; et al. The efficacy, safety, and predictors of outcomes of transarterial radioembolization for hepatocellular carcinoma:
A retrospective study. Expert Rev. Gastroenterol. Hepatol. 2020, 14, 619-629. [CrossRef] [PubMed]

Kolligs, F; Arnold, D.; Golfieri, R.; Pech, M.; Peynircioglu, B.; Pfammatter, T.; Ronot, M.; Sangro, B.; Schaefer, N.; Maleux, G.; et al.
Factors impacting survival after transarterial radioembolization in patients with hepatocellular carcinoma: Results from the prospective
cirt study. JHEP Rep. Innov. Hepatol. 2023, 5, 100633. [CrossRef] [PubMed]

Hermann, A.L.; Dieudonné, A.; Ronot, M.; Sanchez, M.; Pereira, H.; Chatellier, G.; Garin, E.; Castera, L.; Lebtahi, R.; Vilgrain, V.
Relationship of tumor radiation-absorbed dose to survival and response in hepatocellular carcinoma treated with transarterial
radioembolization with (90)y in the sarah study. Radiology 2020, 296, 673-684. [CrossRef]

Stella, M.; Braat, A.J.A.T.; van Rooij, R.; de Jong, HW.AM.; Lam, M.G.E.H. Holmium-166 radioembolization: Current status and
future prospective. CardioVascular Interv. Radiol. 2022, 45, 1634-1645. [CrossRef]

Avanzo, M.; Wei, L.; Stancanello, J.; Vallieres, M.; Rao, A.; Morin, O.; Mattonen, S.A.; El Naqa, I. Machine and deep learning
methods for radiomics. Med. Phys. 2020, 47, e185-e202. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jhep.2016.01.012
https://www.ncbi.nlm.nih.gov/pubmed/26809111
https://doi.org/10.1016/j.jhep.2012.01.006
https://www.ncbi.nlm.nih.gov/pubmed/22314421
https://doi.org/10.1200/JCO.2011.37.1021
https://www.ncbi.nlm.nih.gov/pubmed/21911714
https://doi.org/10.1016/j.dld.2021.06.003
https://www.ncbi.nlm.nih.gov/pubmed/34193367
https://doi.org/10.1007/s00259-022-05956-w
https://www.ncbi.nlm.nih.gov/pubmed/36114872
https://doi.org/10.21037/qims-22-943
https://www.ncbi.nlm.nih.gov/pubmed/37064361
https://doi.org/10.3389/fmolb.2021.635243
https://www.ncbi.nlm.nih.gov/pubmed/33928118
https://doi.org/10.1093/annonc/mdw235
https://www.ncbi.nlm.nih.gov/pubmed/27380959
https://doi.org/10.21037/jgo.2020.01.09
https://www.ncbi.nlm.nih.gov/pubmed/32399284
https://doi.org/10.1002/cam4.5125
https://doi.org/10.3390/biomedicines10112996
https://doi.org/10.1016/j.jvir.2019.03.016
https://doi.org/10.1016/j.jvir.2018.03.018
https://www.ncbi.nlm.nih.gov/pubmed/29843996
https://doi.org/10.1016/j.jvir.2023.01.014
https://www.ncbi.nlm.nih.gov/pubmed/36693521
https://doi.org/10.1080/17474124.2020.1777856
https://www.ncbi.nlm.nih.gov/pubmed/32490691
https://doi.org/10.1016/j.jhepr.2022.100633
https://www.ncbi.nlm.nih.gov/pubmed/36593888
https://doi.org/10.1148/radiol.2020191606
https://doi.org/10.1007/s00270-022-03187-y
https://doi.org/10.1002/mp.13678

	Introduction 
	Materials and Methods 
	Patients 
	Pre-Treatment Imaging 
	The 90Y-TARE Procedure 
	Post-Treatment Imaging 
	Statistics 

	Results 
	Patients with HCC 
	Patients with CRC Liver Metastases 

	Discussion 
	Conclusions 
	References

