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Abstract: Aim: To meta-analyze the utility of transarterial radioembolization (TARE) in patients
with liver metastatic breast cancer (BC), based on the objective response rate (ORR) and disease
control rate (DCR). Methods: A literature search was performed retrieving studies with (1) at least
10 patients with liver metastatic BC treated with TARE and (2) adequate information to derive ORR
and DCR. The ORR is the ratio between patients with liver lesions showing complete response (CR)
or partial response (PR) over the total number of patients treated with TARE; the DCR is the ratio
between patients with CR, PR, or stable disease (SD) over the total number of patients treated with
TARE. Results: Eighteen studies (650 patients) were eligible; the ORR of TARE resulted 50.71% (95%
C.L: 40.04-61.36) and the DCR resulted 88.37% (95% C.I.: 81.89-93.57). Taking into account resin
spheres (395 patients), the ORR was 60.35% (95% C.1.: 46.55-73.36) and the DCR was 92.73% (95% C.L:
87.17-96.80%). Considering glass spheres (144 patients), the ORR was 32.38% (95% C.1.: 18.43-48.16)
and the DCR was 82.69% (95% C.I.: 59.29-97.26). Conclusions: This meta-analysis favors the use of
TARE in patients with liver metastatic BC either with resin or glass spheres.

Keywords: breast cancer; radioembolization; resin; glass; objective response rate; disease control rate;
survival; prognosis

1. Introduction

Breast cancer (BC) is the most common cause of oncological death in women world-
wide [1]. BC is a major issue for public health, with liver metastases from BC being a
prominent clinical concern, affecting a considerable number of patients with advanced
stages of the disease. According to epidemiological data, between 50 and 70% of individuals
with metastatic BC will develop liver metastases over the course of their disease [2]. After
bones, the liver is the second most typical location for distant metastases in BC patients.

Particularly, patients with HER2-positive and triple-negative (TN) breast tumors have
an increased prevalence of hepatic metastases. The liver’s intricate vasculature and vital
activities pose significant challenges for treating liver metastases, which are frequently
associated with a worse prognosis [3]. Furthermore, the presence of liver metastases can
lead to debilitating symptoms, such as jaundice and ascites. Therefore, hepatic dysfunction
caused by liver metastases can result in severe morbidity, highlighting the need for efficient
management strategies [1,4].
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Patients with liver lesions may have the option of hepatic resection as a treatment;
however, most of the time, the disease is incurable at the time liver metastases are identified.
For liver-only disease, a number of liver-targeted therapies have been tested, with the
main goals being palliative care and prolonging survival. Stereotactic body irradiation,
transarterial chemoembolization, and radiofrequency and microwave ablation are some
of these treatments [5]. It is challenging to treat patients despite the availability of nu-
merous therapeutic alternatives, especially with large liver metastases that are resistant
to treatment [5,6]. For patients with BC who have hepatic metastases, transarterial ra-
dioembolization (TARE) has emerged as a potentially effective treatment strategy. TARE
targets liver cancers directly while preserving healthy tissue by carefully delivering ra-
dioactive beads, called microspheres, into the hepatic vessels that supply the liver [3]. The
microspheres enter the body and become lodged in the tiny blood vessels close to the
tumor. The cancer cells are then eliminated by the radiation from the beads, causing the
least amount of harm to the surrounding healthy liver tissue. This therapy aids in tumor
growth control and shrinkage [7]. Currently, in oncology, the tumor objective response
rate (ORR) and disease control rate (DCR) are critical indicators of therapeutic efficacy
and function as crucial endpoints for reporting clinical trial results and are essential to
clinical decision-making in everyday practice [8,9]. Significant improvements in the out-
come of patients with metastatic BC, particularly in terms of ORR and DCR, have been
shown to be possible with TARE. Indeed, TARE can significantly reduce tumor size and
increase ORR and DCR. The meta-analysis of Aarts et al. evidences better response rates
for TARE and TACE compared to chemo-infusion in chemorefractory liver metastatic BC
patients [4]. Additionally, Chang et al. demonstrated that TARE was better tolerated than
transarterial chemoembolization (TACE) in patients with liver-dominant BC metastasis,
comparing a group of 17 patients receiving TACE (32 treatments) and 30 patients receiving
TARE (49 treatments) [10]. Patients with liver metastases from BC frequently have fewer
treatment options and a worse prognosis; TARE has the potential to help manage tumor
development and alleviate symptoms, which may contribute to an improved quality of life
and potentially extend longevity by enhancing ORR and DCR [10]. The main aim of this
study was to meta-analyze the clinical utility of TARE in patients with liver metastatic BC,
based on the average ORR and DCR. As a secondary aim, we assessed the correlation of
the receptor status with ORR and DCR.

2. Materials and Methods

The PRISMA standards (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) were followed in the conduct of this meta-analysis [11]. A protocol was de-
veloped and kept in an internal department database (No. 012024) before the literature
search, outlining the study topic, search tactics, inclusion criteria, quality assessment, data
extraction, and statistical analysis.

2.1. Literature Search and Inclusion Criteria

A systematic review of the literature was carried out on 30 April 2024 using the CEN-
TRAL and PubMed/MEDLINE databases. “(“Breast Neoplasms”[Mesh] OR Breast[tiab]
OR mamma*[tiab]) AND (“Infusions, Intra-Arterial”[MeSH] OR intra arterial infusion*[tiab]
OR “radioemboliz*” OR “yttrium”) NOT (Review[pt] OR “Case Reports”[pt])” was the
search string used in Pubmed /MEDLINE. In CENTRAL, the query “breast AND (yttrium
OR radioembolization)” was utilized. There was no time restriction. Non-English language
articles were not included. Every reference that was found was exported to a reference
management program (Endnote v. X7.5, Clarivate Analytics).

2.2. Study Selection

Two investigators (N.Q., S.I.) reviewed independently the titles and abstracts of the
retrieved entries and selected only original articles. Non-original articles and duplicates
were excluded. For the primary aim of the meta-analysis (the calculation of the average
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ORR and DCR), the full text of the remaining articles was then examined by four researchers
to ensure they satisfied the following inclusion criteria: (1) at least 10 liver metastatic BC
patients who had TARE; (2) sufficient data on response assessment to determine ORR
and DCR; and (3) no prior history of cancer in the patients. Articles with fewer than ten
patients were excluded in order to lessen the small-study effect—which can be caused by
methodological flaws, outcome reporting bias, and clinical heterogeneity. For the secondary
aim, information on hormone receptor status was required as additional inclusion criteria.
Additionally, the obtained publications’ references were examined for any relevant studies
that may have been missed in the systematic search.

2.3. Data Extraction

From each article, the following data were extracted: name of authors, publication
year, journal, country, study design, type of microspheres (resin, glass, or both), mean
activity infused (expressed in Gigabequerel), number of patients, number of patients
with extrahepatic disease, mean age, BC type according to the hormone receptor status,
assessment criteria for response evaluation, number of patients with response assessment,
the median follow-up in months from TARE to the date of last clinical visit or death, and
the median overall survival (OS). For each article, the number of patients with complete
response (CR), partial response (PR), stable disease (SD), and progressive disease (PD) was
extracted, as defined according to response evaluation criteria in solid tumors (RECIST
version 1.1) or PET response criteria in solid tumors (PERCIST) [12,13]. CR, PR, SD, and
PD were used to calculate ORR and DCR for each study:.

2.4. Methodological Quality Assessment

The methodological quality of the studies included in the meta-analysis was assessed
by an investigator (N.Q.) using the “Quality Assessment of Diagnostic Accuracy Studies”
tool, v. 2 (QUADAS-2). The QUADAS-2 tool is designed to evaluate the risk of bias and
applicability in diagnostic accuracy studies across four domains: patient selection, index
test, reference standard, and flow and timing. Each domain includes signaling questions
to guide judgments on risk of bias, while the first three domains also assess concerns
regarding applicability [14].

2.5. Statistical Analysis

Statistical analysis was carried out using MedCalc Statistical Software version 19.1.3
(MedCalc Software, Ostend, Belgium; https:/ /www.medcalc.org 2020, accessed on 30 May
2024). A statistical analysis was performed on a per-patient basis; the treatment response
of liver metastatic lesions was determined based on the response criteria adopted in each
article. ORR was calculated as the ratio between the number of patients with CR or PR over
the total number of patients treated with TARE; the DCR was calculated as the ratio between
the number of patients with CR, PR, or SD over the total number of patients treated with
TARE. The pooled ORR and DCR (on a per-patient basis) across the studies were calculated
with 95% confidence intervals (ClIs) for all the patients, patients receiving glass spheres
and patients receiving resin spheres. The I? statistic was used to measure the degree of
inconsistency across the studies, with values of 25%, 50%, and 75% representing thresholds
for low, moderate, and high heterogeneity. Interpretation of heterogeneity was carried out
at a significance level of p = 0.05. A random-effects model was used for statistical pooling.
For studies with available information on BC type, the correlation between receptor status
positivity and ORR and DCR was calculated. The correlation was assessed by calculating
the Pearson correlation coefficient between the percentage of patients with ER+, PR+, or
HER2+ in each study and the corresponding ORR and DCR values, with a significance
level set at a p value of 0.05.
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3. Results
3.1. Literature Search

The comprehensive literature search revealed a total of 570 entries (Figure 1). Eleven
entries were excluded as duplicates in the reference manager software. Reviewing titles
and abstracts, 514/559 articles were excluded because they were non-original articles or
appeared out of the scope of this meta-analysis. The full text of the remaining 45 studies
was evaluated to assess the inclusion criteria. No additional records were retrieved after
crosschecking the references of the full-text articles. Furthermore, 19 out of 45 articles were
excluded due to a patient sample < 10 patients (n = 14) or mixed patients without the
possibility to discriminate against BC patients (1 = 4), no sufficient information to calculate
the ORR or DCR (1 = 8) or Russian language (n = 1), leading to 18 full-text articles to be
eligible for the principal aim of the meta-analysis [3,6,10,15-29]. Ten out of eighteen studies
included resin spheres, four studies used glass spheres, and the remaining studies used
both types of spheres in their patient cohorts. The main characteristics of the studies are
reported in Table 1. With respect to the secondary aims of the meta-analysis, among the
18 full-text articles, 5 did not report sufficient information on hormone receptor status,
leading to 13 articles.

[ Identification of studies via databases and registers ]

570 records identified from:
PubMed/MEDLINE (n = 555)
Central (n = 15)

Duplicate records removed
(n=11)

) [ entification |

y

Records excluded reviewing
abstract and title (n = 514).

Records screened (n = 559)

v

Reports sought for retrieval of the
full-text (n = 45)

Screening

A4

Reports (full text) assessed for Full-text articles included after
eligibility (n = 45) screening the references (n = 0)

A

Reports excluded (n = 27):

- One article in Russian;

- 4 articles with mixed patients;

- 8 articles with no adequate
information to derive ORR or
DCR;

- 14 small patients samples.

Studies included in the systematic review and meta-analysis (18)

- Primary aim (calculation of ORR and DCR): n = 18/18

- Secondary aim (correlation of hormone receptor status with ORR and DCR):
13/18

Figure 1. Flow-chart of the literature search.
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Table 1. Main characteristics of the studies included in the meta-analysis.

Study Type of Number of
. . Mean Activity Number of Patients with BC Type
Authors Year Journal Country Design Microspheres Infused (GBq) Patients Extrahepatic Mean Age (Years) (Hormone Receptor Status)
(P/R) (R/G) .
Disease
Barakat [3] 2022 Adg ;ﬁﬁllm USA R G NR 31 21 65.5 ER+: 25; PR: +21; HER2+: 5
group 1 (n = 59): . Ll g
Seidensticker [29] 2021 Cancers Germany R R NR 93 69 56; group 2 ER+: 73; PR+: 61; HER2+: 16;
TN: 14
(n =34): 55
Aarts [6] 2020 Radiol Oncol The Netherlands P R 1.68 16 9 59 ER+: 8; PR+: 8; HER2+: 0
Davisson [20] 2020 J V‘;;; ;l.’olf"’m USA R G 2 24 18 57 ER+: 20; PR+: 12; HER2+: 2
Cardiovasc
Deipolyi [21] 2020 Intervent USA R R/G 2.4 30 30 51.5 ER+: 24; PR+: 20; HER2+: 7
Radiol
Barabash [17] 2018 Radiology Germany P R/G 12 14 7 60 NR
Chang [10] 2018 Anticancer Res USA R R/G 0.79 30 20 55 ER+: 21; PR+: 20; HER2+: 2
. ] Vasc Interv ER+/PR+: 20; ER+/PR—: 6;
Pieper [27] 2016 Radiol Germany R R/G 1.35 44 NR 56.1 ER— /PR—: 1
Fendler [22] 2016 J Nucl Med Germany R R 1.6 81 54 61 ER+: 60; PR+: 40; Her2+: 28
. Cancer Biother ER+: 15; PR+: 13; HER2+:
Bagni [15] 2015 Radiopharm Italy P R 1.8 17 10 59.2 NR
Ann Surg . 1.67 £0.36
Saxena [28] 2014 Oncol Australia R R (0.79-2.38) 40 24 54.4 NR
] Vasc Intero ER+/PR+: 46; ER—/PR—:
Gordon [23] 2014 . USA R G 1.52 75 58 54.4 46; HER2+: 18; HER2-: 37;
Radiol
TN: 5; unknown: 20
Cianni [18] 2013 Eur Radiol Italy R R 19 52 24 57.5 NR
Haug [24] 2012 J Nucl Med Germany R R 1.7 58 38 58 ER+: 45; PR+: 37; Her2+: 23
Cardiovasc . .
Paprottka [26] 2011 Intervent Germany R R 2.08 (median); 30 17 58 low/negative hmjmone
. range: 1.7-2.5 receptor expression: 6
Radiol
] Vasc Interv
Jakobs [25] 2008 Germany R R 1.9 30 17 58 HER2+: 6

Radiol
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Table 1. Cont.

Study Type of Number of
. . Mean Activity Number of Patients with BC Type
Authors Year Journal Country Design Microspheres Infused (GBq) Patients Extrahepatic Mean Age (Years) (Hormone Receptor Status)
(P/R) (R/G) .
Disease
Bangash [16] 2007 ) Visclniero USA P G 17 27 0 NR
Radiol
Int | Radiation
Coldwell [19] 2007 Oncology Biol USA P R 21 44 29 ER+: 31; HER2+: 12
Phys

P: prospective; R: retrospective; R: resin; G: glass; ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor 2; TN: triple negative;

NR: not reported.
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3.2. Qualitative Analysis of the Studies

The articles included in the meta-analysis were single-center investigations, published
from 2003 to 2021 in the USA (n = 7), Germany (n = 7), Italy (n = 2), the Netherlands (n = 1),
and Australia (n = 1). Five studies were prospective, and 13 studies were retrospective.
The patient samples ranged from 14 to 93 patients. Fifteen out of eighteen studies used
RECIST (Response Evaluation Criteria in Solid Tumors) to assess the response to therapy;
three studies used PERCIST (PET Response Criteria in Solid Tumors). The median follow-
up from TARE to the date of last visit ranged from 4 months until death. The median
OS ranged from 8 to 35.4 months. Notably, the three studies that used PERCIST criteria
reported some of the highest DCRs (100%, 100%, and 96.67%) among all the selected papers
(Table 2). Overall, the risk of bias was low across all studies (Figure 2).

FLOW AND TIMING | | OLlow OHigh O Unclear

REFERENCE STANDARD | | ‘ ‘

INDEX TEST | | |

PATIENT SELECTION | | |

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

Proportion of studies with low, high, or unclear Proportion of studies with low, high, or unclear
RISK of BIAS CONCERNS regarding APPLICABILITY

Figure 2. QUADAS 2 assessment results for the included studies of the meta-analysis, indicating low
(green color), high (orange color), or unclear (blue color) risk of bias for the relevant domains, and
low, high, and unclear concern regarding applicability.

Table 2. List of the studies included in the meta-analysis with corresponding response rates. ECOG:
eastern cooperative oncology group status.

Assessment Total Patients Median
Criteria for Percentage Percentage with Follow-Up Median OS
Authors R o of Patients of Patients CR PR SD PD R (Months) from (Months)
Eve:lggtii‘; with ORR  with DCR AS;Z‘;?;‘:;S TARE to Date of onths
Last Visit/Death
Barakat RECIST 46.67 70.00 1 13 7 9 30 12 13
Seidensticker RECIST 73.49 89.16 2 59 13 9 83 until death 8
Aarts RECIST 62.50 100.00 0 10 6 0 16 until death 12.6
Davisson RECIST 8.70 60.87 0 2 12 9 23 22.3 35.4
Deipolyi PERCIST 80.00 96.67 7 17 5 1 30 until death 15
Barabash RECIST 14.29 85.71 0 2 10 2 14 until death 9
Chang RECIST 41.38 48.28 0 12 2 15 29 9 12.9
Pieper RECIST 39.47 81.58 0 15 16 7 38 4 6.1
Fendler mPERCIST 52.00 100.00 0 29 27 0 56 until death 8
Bagni PERCIST 100.00 100.00 2 15 0 0 17 until death 13.5
Saxena RECIST 31.58 71.05 2 10 15 11 38 11.2 13.6
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Table 2. Cont.
Assessment Total Patients Median
Criteria for Percentage Percentage with Follow-Up Median OS
Authors Response of Patients of Patients CR PR SD PD Response (Months) from (Months)
Fvalotos withORR  with DCR Assooms  TARE to Date of
Last Visit/Death
Gordon  RECIST 35.30 98.50 0 24 45 1 68 until death or last 6.6
follow-up visit
Cianni RECIST 55.77 90.38 0 29 18 5 52 until death 115
RECIST.
Haug WHO 25.60 88.40 0 11 27 5 43 6.4 109
Paprottka RECIST 59.26 96.30 0 16 10 1 27 14.2 NR
Jakobs RECIST 60.87 95.65 0 14 8 1 23 4.2 11.7
ECOG 0 (1 = 15):
Bangash RECIST 39.13 91.30 9 12 2 23 until death 6.8, ECOG 1-3
(n=12): 2.6
Coldwell RECIST 75.00 95.00 7 23 8 2 40 14 14
3.3. Meta-Analysis
The number of patients with CR, PR, SD, and PD across all the studies, along with the
median follow-up and median OS, is reported in Table 2. In all patient groups (1 = 650), the
ORR resulted in 50.71% (95% C.I.: 40.04-61.36; 2 87%); the DCR resulted in 88.37% (95%
C.1.: 81.89-93.57; I?: 82%; Figure 3). Taking into account only resin spheres (395 patients),
the ORR was 60.35% (95% C.L: 46.55-73.36; I>: 87%) and the DCR was 92.73% (95% C.L.:
87.17-96.80; 12: 71%; Figure 4). Considering glass spheres (144 patients), the ORR was
32.38% (95% C.I.: 18.43-48.16; I2: 72%) and the DCR was 82.69% (95% C.1.: 59.29-97.26; 1?:
90%; Figure 5). No significant correlation was found between BC hormone receptor status
with ORR and DCR (p > 0.05).
- — . Bagni —=
- Bangash —_— e
Barabash
R S — Barakat -
™~ Chang L
R “ianni
];‘ — R iold\\:ll - —.—.
avisson . avisson
obs —.—
l. ?\E;x}»uka —
R icpe N
—— N T
Total (fixed effects) == Total (fixed effects) =
Total (random efYects) L —— Total (random effects) —
1 1 1 n 1 1 1 n 1 1 " 1 L 1 " 1 " 1
0.0 02 04 06 08 10 02 04 06 08 1.0
Figure 3. Forest plots of individual studies and pooled ORR (left) and DCR (right) of patients
undergoing TARE.
Seidensticker - Seidensticker —
Fendler —— Fendler —A
Saxena — Saxena =
Aants Aarts
Paprottka L Paprottka —_—
Jakobs = Jakobs ———
Coldwell —_— Coldwell —_—
Haug - Haug L 3
Cianni —_— Cisani —_—.
Bagni —_—a Bagni -
Total (fixed effects) —— Total (fixed effects) ———
Total (random effects) —— Total (random effects) ——
1 L 1 1 L 1 s | L 1 1 N 1 4 1 " 1 " 1 3 1
0.0 0. 04 0.6 08 1.0 0.5 0.6 0.7 08 09 1.0

Figure 4. Forest plots of individual studies and pooled ORR (left) and DCR (right) of patients
undergoing TARE with resin spheres.



Curr. Oncol. 2024, 31 6887
Gordon —— Gordon . ]
Davisson Davisson
Barakat - Barakat -

Bangash Bangash
Total (fixed effects) — T Total (fixed effects) —
Total (random effects) e Total (random effects) —
1 ] P T L ] [ IR WU RT N WU ST N |

03 04 0.5 0.6 0.7 03 04 0.5 0.6 0.7 0.8 09 1.0

Figure 5. Forest plots of individual studies and pooled ORR (left) and DCR (right) of patients
undergoing TARE with glass spheres.

4. Discussion

TARE has emerged as a valuable therapeutic option for managing liver-dominant
metastatic BC. This treatment is especially important for patients whose liver metastases
are resistant to traditional systemic therapies, such as chemotherapy. By directly targeting
liver tumors with radioactive microspheres, TARE allows for localized high-dose radiation
while minimizing exposure to healthy liver tissue, offering a more focused approach
compared to systemic treatments [4]. Many studies have shown that TARE can significantly
improve the ORR and DCR, which are key indicators of tumor shrinkage and disease
stabilization, respectively. Furthermore, TARE has been linked to reduced side effects and
improved tolerance when compared to other liver-targeting therapies such as transarterial
chemoembolization (TACE). TARE is an essential strategy in the management of advanced-
stage disease for patients with liver-dominant metastatic BC since it not only helps control
tumor progression and alleviate symptoms but also enhances overall quality of life and
extends survival [5].

First, Bangash et al. demonstrated Yttrium-90 (®9Y) TARE to be a feasible treatment for
BC liver metastases in patients whose disease has progressed after standard of care. The
authors assessed 27 female patients with progressing liver metastases from BC, despite
standard polychemotherapy, in a phase 2 open-label trial. The patients were treated
with lobar TARE. Post-treatment was evaluated by (a) tumor response via computed
tomography (CT) and/or positron emission tomography (PET); (b) biochemical toxicity;
and (c) survival outcomes. At 90-day follow-up CT, tumor response showed: (a) complete
or partial response in 9 patients (39.1%); (b) stable disease in 12 patients (52.1%); and
(c) disease progression in 2 patients (8.8%). PET scans revealed positive tumor responses in
17 patients (63%). Only three patients (11%) experienced grade 3 bilirubin toxicity, linked
to disease progression [16]. Other four prospective studies were included in the present
meta-analysis [6,15,17,19]. In particular, Aarts et al. assessed the safety and feasibility of
intra-arterial mitomycin C (MMC) infusion after TARE using DY resin microspheres in liver
metastatic breast cancer (LMBC) patients. Using MRI, PET/CT, and laboratory testing, the
therapy response was assessed after 6-8 weeks. MMC infusion was given in escalating dose
cohorts A (6 mg), B (12 mg), C (24 mg), and D (up to 72 mg) if there was no advancement
in the illness. After every two cycles, if there was no progression, Cohort D would obtain
MMC. Four patients were not able to receive MMC infusion because of extrahepatic
illness or instability, leaving sixteen patients suitable for Y microspheres. The MMC
dose was modified in four patients from Cohort D as a result of either illness progression
or biochemical toxicity. Following *’Y treatment, there was only one grade 3 adverse
event—a gastrointestinal ulcer that required prolonged hospitalization. In conclusion, in
75% of patients, sequential MMC infusion after TARE was possible, although care should
be taken to prevent side effects, including reflux, after Y treatment [6]. The safety of
TARE is confirmed also in the prospective study of Coldwell and coworkers, in a total of
44 women, with a median follow-up of 14 months (1-42 months). Indeed, the authors did
not document any treatment-related procedure deaths or radiation related veno-occlusive
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liver failures. Interestingly, computed tomographic imaging partial response was 47% and
positron emission tomographic response was 95% [19].

The only researchers to evaluate TACE with TARE for treating breast cancer with
liver metastases were Chang et al. [10]. They found that TARE had fewer side events
(44 vs. 71%) and a longer median survival time (MST) (12.9 vs. 4.9 months). To verify
these findings, additional randomized controlled studies are required. When treating liver
metastases that are incurable, external beam radiation therapy (EBRT) has historically
been employed more often than TARE. Stereotactic body radiation treatment (SBRT) has a
1-year overall survival (OS) rate of 21-85% for breast cancer that has metastasized to the
liver. According to PERCIST standards, local control rates were 100% and 80% at one and
two years, respectively. In this context, EBRT, including SBRT as a specialized approach,
has several limitations in the treatment of liver metastases compared to TARE, including
respiratory motion, the requirement for fiducial markers, increased radiation exposure to
healthy liver tissue, and the need for repeated therapeutic sessions [30].

In patients with liver metastatic BC, the current meta-analysis demonstrates a favor-
able response to TARE based on the pooled ORR and DCR, which are crucial markers of
therapeutic efficacy in clinical research. The majority of the studies (13 out of 18) were retro-
spective, indicating that the data utilized were taken from pre-existing records. This could
lead to bias or restrictions because of inadequate data or differences in therapeutic practices.

However, the selected had robust methodology, according to the QUADAS-2 assess-
ment tool. The included studies exhibited significant variability, as indicated by the high
heterogeneity (I> = 87% for ORR and 82% for DCR in the overall patient group). This
variability may be attributed to variations in patient populations, treatment procedures, or
follow-up methodologies. The confidence in deriving general inferences from the pooled
results may be diminished due to this unpredictability, even though the confidence intervals
provide a range where the genuine effects may fall. We also divided the results according to
the kinds of spheres that were employed. The high ORR and DCR values for resin spheres
indicate that this treatment may be superior to others in terms of disease control. There
is even more heterogeneity in the DCR and a lower ORR for glass spheres than for resin
spheres, suggesting that patient responses to this treatment are more variable. This could
imply that, in comparison to resin spheres, glass spheres may not be as consistently bene-
ficial across various patient groups or clinical situations. However, compared to patients
receiving resin spheres, the group of patients receiving TARE with glass spheres is much
too small to make firm results.

There was no significant relationship between ORR or DCR and hormone receptor
status, according to the data. Treatment decisions and prognostic factors for hormone-
sensitive malignancies (such as breast cancer) are frequently heavily influenced by the
hormone receptor status of the patient.

The lack of a correlation implies that the hormone receptor status of the cancer may not
have a significant impact on the treatment’s efficacy. This may be a noteworthy discovery
since it suggests that the treatment may be broadly relevant to various cancer subtypes;
however, more research is required to fully investigate this aspect.

There were certain limitations on our meta-analysis. Small sample sizes were provided
by the selected studies. Owing to the heterogeneous sample size of the majority of the
studies, it was not feasible to conduct a subgroup analysis based on the histological type of
BC. In addition, it should be emphasized that a limitation of our study is the method of
assessing treatment response, which was performed in three cases according to PERCIST
criteria and in the remaining cases according to RECIST. Furthermore, the category ‘partial
response’ inherently includes variability in the depth and degree of response. Finally, it
should be noted that, although our meta-analysis shows the potential of TARE to achieve
satisfying disease control in mBC, higher ORR and BCR do not automatically translate into
benefits in terms of OS or PFS. These topics should be the subject of future investigations.

Further studies, ideally prospective and involving larger cohorts, are needed to better
define the efficacy and safety of TARE in the clinical setting of hepatic metastases from
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breast cancer. These studies should also consider the differences between the various types
of microspheres and the varying intervals of post-TARE radiological surveillance.

5. Conclusions

The present meta-analysis favors the use of TARE in patients with liver metastatic BC.
In patients with BC, TARE provides good ORR and DCR either with resin or glass spheres.

Author Contributions: Conceptualization, O.B. and L.F.; methodology, N.Q.; software, N.Q.; vali-
dation, AM.M.,, S.I. and L.E; formal analysis, N.Q.; investigation, N.Q., V.M. and M.P; resources,
A.M.M.; data curation, S.I.; writing—original draft preparation, M.P,, S.I. and V.M.; writing—review
and editing, N.Q., O.B. and L.F; visualization, S.I.; supervision, O.B.; project administration, A.M.M.;
funding acquisition, S.I. All authors have read and agreed to the published version of the manuscript.

Funding: This research did not receive external funding.

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

References

1.  Key, TJ.; Verkasalo, PK,; Banks, E. Epidemiology of breast cancer. Lancet Oncol. 2001, 2, 133-140. [CrossRef]

2. Rashid, N.S,; Grible, ].M.; Clevenger, C.V.; Harrell, ].C. Breast cancer liver metastasis: Current and future treatment approaches.
Clin. Exp. Metastasis 2021, 38, 263-277. [CrossRef] [PubMed]

3.  Barakat, E.; Bibok, A.; Rishi, A.; Ahmed, A.; Frakes, ].M.; Hoffe, S.E.; Armaghani, A.]J.; Soyano, A.E.; Costa, R.L.B.; El-Haddad, G.;
et al. Transarterial yttrium-90 glass microsphere radioembolization of chemotherapy-refractory breast cancer liver metastases:
Results of a single institution retrospective study. Adv. Radiat. Oncol. 2022, 7, 100838. [CrossRef] [PubMed]

4. Aarts, B.M.; Munoz, EM.G.; Wildiers, H.; Dezentjé, V.O.; Baetens, T.R.; Schats, W.; Lopez-Yurda, M.; Dresen, R.C.; Wit-van der
Veen, B.J.; Deroose, C.M; et al. Intra-arterial therapies for liver metastatic breast cancer: A systematic review and meta-analysis.
Cardiovasc. Interv. Radiol. 2021, 44, 1868-1882. [CrossRef] [PubMed]

5. Feretis, M.; Solodkyy, A. Yttrium-90 radioembolization for unresectable hepatic metastases of breast cancer: A systematic review.
World . Gastrointest. Oncol. 2020, 12, 228-236. [CrossRef] [PubMed]

6. Aarts, B.M.; Klompenhouwer, E.G.; Dresen, R.C.; Deroose, C.; Beets-Tan, R.G.H.; Punie, K.; Neven, P.; Wildiers, H.; Maleux, G.
Sequential intra-arterial infusion of 90y-resin microspheres and mitomycin c in chemo refractory liver metastatic breast cancer
patients: A single centre pilot study. Radiol. Oncol. 2020, 54, 33-39. [CrossRef]

7. 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]

8. Aykan, N.F; Ozatli, T. Objective response rate assessment in oncology: Current situation and future expectations. World J. Clin.
Oncol. 2020, 11, 53-73. [CrossRef]

9.  Sznol, M. Reporting disease control rates or clinical benefit rates in early clinical trials of anticancer agents: Useful endpoint or
hype? Curr. Opin. Investig. Drugs 2010, 11, 1340-1341.

10. Chang, J.; Charalel, R.; Noda, C.; Ramaswamy, R.; Kim, S.K.; Darcy, M.; Foltz, G.; Akinwande, O. Liver-dominant breast cancer
metastasis: A comparative outcomes study of chemoembolization versus radioembolization. Anticancer. Res. 2018, 38, 3063-3068.

11. Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The prisma 2020 statement: An updated guideline for reporting systematic reviews. Rev. Esp. De Cardiol.
(Engl. Ed.) 2021, 74, 790-799. [CrossRef]

12. Eisenhauer, E.A.; Therasse, P.; Bogaerts, J.; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.; Gwyther, S.; Mooney, M.;
et al. New response evaluation criteria in solid tumours: Revised recist guideline (version 1.1). Eur. J. Cancer 2009, 45, 228-247.
[CrossRef] [PubMed]

13.  Wahl, R.L.; Jacene, H.; Kasamon, Y.; Lodge, M.A. From recist to percist: Evolving considerations for pet response criteria in solid
tumors. J. Nucl. Med. 2009, 50 (Suppl. 1), 1225-150s. [CrossRef]

14. Whiting, PE; Rutjes, A.W.; Westwood, M.E.; Mallett, S.; Deeks, ].J.; Reitsma, J.B.; Leeflang, M.M.; Sterne, J.A.; Bossuyt, PM.
Quadas-2: A revised tool for the quality assessment of diagnostic accuracy studies. Ann. Intern. Med. 2011, 155, 529-536.
[CrossRef] [PubMed]

15. Bagni, O.; Filippi, L.; Pelle, G.; Cianni, R.; Schillaci, O. Total lesion glycolysis and sequential (90)y-selective internal radiation
therapy in breast cancer liver metastases: Preliminary results. Cancer Biother. Radiopharm. 2015, 30, 421-426.

16. Bangash, A K; Atassi, B.; Kaklamani, V.; Rhee, T.K.; Yu, M.; Lewandowski, R.J.; Sato, K.T.; Ryu, R.K.; Gates, V.L.; Newman, S.;
et al. 90y radioembolization of metastatic breast cancer to the liver: Toxicity, imaging response, survival. J. Vasc. Interv. Radiol.
2007, 18, 621-628. [CrossRef]

17. Barabasch, A.; Heinzel, A.; Bruners, P.; Kraemer, N.A.; Kuhl, C.K. Diffusion-weighted mri is superior to pet/ct in predicting

survival of patients undergoing (90)y radioembolization of hepatic metastases. Radiology 2018, 288, 764-773. [CrossRef]


https://doi.org/10.1016/S1470-2045(00)00254-0
https://doi.org/10.1007/s10585-021-10080-4
https://www.ncbi.nlm.nih.gov/pubmed/33675501
https://doi.org/10.1016/j.adro.2021.100838
https://www.ncbi.nlm.nih.gov/pubmed/35071835
https://doi.org/10.1007/s00270-021-02906-1
https://www.ncbi.nlm.nih.gov/pubmed/34322751
https://doi.org/10.4251/wjgo.v12.i2.228
https://www.ncbi.nlm.nih.gov/pubmed/32104553
https://doi.org/10.2478/raon-2020-0002
https://doi.org/10.1016/j.semradonc.2019.08.005
https://doi.org/10.5306/wjco.v11.i2.53
https://doi.org/10.1016/j.recesp.2021.06.016
https://doi.org/10.1016/j.ejca.2008.10.026
https://www.ncbi.nlm.nih.gov/pubmed/19097774
https://doi.org/10.2967/jnumed.108.057307
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://www.ncbi.nlm.nih.gov/pubmed/22007046
https://doi.org/10.1016/j.jvir.2007.02.019
https://doi.org/10.1148/radiol.2018170408

Curr. Oncol. 2024, 31 6890

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Cianni, R.; Pelle, G.; Notarianni, E.; Saltarelli, A.; Rabulffi, P.; Bagni, O.; Filippi, L.; Cortesi, E. Radioembolisation with (90)y-labelled
resin microspheres in the treatment of liver metastasis from breast cancer. Eur. Radiol. 2013, 23, 182-189. [CrossRef]

Coldwell, D.M.; Kennedy, A.S.; Nutting, C.W. Use of yttrium-90 microspheres in the treatment of unresectable hepatic metastases
from breast cancer. Int. . Radiat. Oncol. Biol. Phys. 2007, 69, 800-804. [CrossRef]

Davisson, N.A.; Bercu, Z.L.; Friend, S.C.; Paplomata, E.; Ermentrout, R.M.; Newsome, J.; Majdalany, B.S.; Kokabi, N. Predictors of
survival after yttrium-90 radioembolization of chemotherapy-refractory hepatic metastases from breast cancer. J. Vasc. Interv.
Radiol. 2020, 31, 925-933. [CrossRef]

Deipolyi, A.R.; England, R.W.; Ridouani, F.; Riedl, C.C.; Kunin, H.S.; Boas, FE.; Yarmohammadi, H.; Sofocleous, C.T. Pet/ct
imaging characteristics after radioembolization of hepatic metastasis from breast cancer. Cardiovasc. Interv. Radiol. 2020, 43,
488-494. [CrossRef] [PubMed]

Fendler, W.P,; Lechner, H.; Todica, A.; Paprottka, K.J.; Paprottka, PM.; Jakobs, T.E; Michl, M.; Bartenstein, P.; Lehner, S.; Haug,
A.R. Safety, efficacy, and prognostic factors after radioembolization of hepatic metastases from breast cancer: A large single-center
experience in 81 patients. J. Nucl. Med. 2016, 57, 517-523. [CrossRef] [PubMed]

Gordon, A.C.; Gradishar, W.J.; Kaklamani, V.G.; Thuluvath, A.J.; Ryu, RK.; Sato, K.T.; Gates, V.L.; Salem, R.; Lewandowski, R.J.
Yttrium-90 radioembolization stops progression of targeted breast cancer liver metastases after failed chemotherapy. J. Vasc.
Interv. Radiol. 2014, 25, 1523-1532, 1532.e1-€2. [CrossRef] [PubMed]

Haug, A.R.; Tiega Donfack, B.P; Trumm, C.; Zech, C.J.; Michl, M.; Laubender, R.P,; Uebleis, C.; Bartenstein, P.; Heinemann, V,;
Hacker, M. 18f-fdg pet/ct predicts survival after radioembolization of hepatic metastases from breast cancer. J. Nucl. Med. 2012,
53,371-377. [CrossRef] [PubMed]

Jakobs, T.F.; Hoffmann, R.T.; Fischer, T.; Stemmler, H.J.; Tatsch, K.; La Fougere, C.; Murthy, R.; Reiser, M.F.; Helmberger, T.K.
Radioembolization in patients with hepatic metastases from breast cancer. J. Vasc. Interv. Radiol. 2008, 19, 683—-690. [CrossRef]
Paprottka, PM.; Schmidt, G.P,; Trumm, C.G.; Hoffmann, R.T.; Reiser, M.E; Jakobs, T.F. Changes in normal liver and spleen volume
after radioembolization with (90)y-resin microspheres in metastatic breast cancer patients: Findings and clinical significance.
Cardiovasc. Interv. Radiol. 2011, 34, 964-972. [CrossRef]

Pieper, C.C.; Meyer, C.; Wilhelm, K.E.; Block, W.; Nadal, J.; Ahmadzadehfar, H.; Willinek, W.A.; Schild, H.H. Yttrium-90
radioembolization of advanced, unresectable breast cancer liver metastases-a single-center experience. J. Vasc. Interv. Radiol. 2016,
27,1305-1315. [CrossRef]

Saxena, A.; Kapoor, J.; Meteling, B.; Morris, D.L.; Bester, L. Yttrium-90 radioembolization for unresectable, chemoresistant breast
cancer liver metastases: A large single-center experience of 40 patients. Ann. Surg. Oncol. 2014, 21, 1296-1303. [CrossRef]
Seidensticker, M.; Fabritius, M.P,; Beller, J.; Seidensticker, R.; Todica, A.; Ilhan, H.; Pech, M.; Heinze, C.; Powerski, M.; Damm, R.;
et al. Impact of pharmaceutical prophylaxis on radiation-induced liver disease following radioembolization. Cancers 2021, 13,
1992. [CrossRef]

De La Pinta Alonso, C. Radiation-induced liver disease in the era of sbrt: A review. Expert Rev. Gastroenterol. Hepatol. 2020, 14,
1195-1201. [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/10.1007/s00330-012-2556-5
https://doi.org/10.1016/j.ijrobp.2007.03.056
https://doi.org/10.1016/j.jvir.2019.12.013
https://doi.org/10.1007/s00270-019-02375-7
https://www.ncbi.nlm.nih.gov/pubmed/31732778
https://doi.org/10.2967/jnumed.115.165050
https://www.ncbi.nlm.nih.gov/pubmed/26742710
https://doi.org/10.1016/j.jvir.2014.07.007
https://www.ncbi.nlm.nih.gov/pubmed/25156827
https://doi.org/10.2967/jnumed.111.096230
https://www.ncbi.nlm.nih.gov/pubmed/22331219
https://doi.org/10.1016/j.jvir.2008.01.009
https://doi.org/10.1007/s00270-011-0217-8
https://doi.org/10.1016/j.jvir.2016.05.028
https://doi.org/10.1245/s10434-013-3436-1
https://doi.org/10.3390/cancers13091992
https://doi.org/10.1080/17474124.2020.1814744

	Introduction 
	Materials and Methods 
	Literature Search and Inclusion Criteria 
	Study Selection 
	Data Extraction 
	Methodological Quality Assessment 
	Statistical Analysis 

	Results 
	Literature Search 
	Qualitative Analysis of the Studies 
	Meta-Analysis 

	Discussion 
	Conclusions 
	References

