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Abstract

Background: Transarterial radioembolization (TARE) with yttrium-90 microspheres is a clinically effective therapy for
hepatocellular carcinoma (HCC) treatment. This study aimed to perform a systematic review of the available economic
evaluations of TARE for the treatment of HCC.

Methods: The Preferred Reported Items for Systematic reviews and Meta-Analyses guidelines was followed by apply-
ing a search strategy across six databases. All studies identified as economic evaluations with TARE for HCC treatment

in English or Spanish language were considered. Costs were adjusted using the 2020 US dollars based on purchasing-
power-parity (SUS PPP).

Results: Among 423 records screened, 20 studies (6 cost-analyses, 3 budget-impact-analyses, 2 cost-effectiveness-
analyses, 8 cost-utility-analyses, and 1 cost-minimization analysis) met the pre-defined criteria for inclusion. Thirteen
studies were published from the European perspective, six from the United States, and one from the Canadian
perspectives. The assessed populations included early- (n=4), and intermediate-advanced-stages patients (n=15).
Included studies were evaluated from a payer perspective (n =20) and included both payer and social perspective
(n=2). TARE was compared with transarterial chemoembolization (TACE) in nine studies or sorafenib (n=11). The
life-years gained (LYG) differed by comparator: TARE versus TACE (range: 1.3 to 3.1), and TARE versus sorafenib (range:
1.1 to 2.53). Of the 20 studies, TARE was associated with lower treatment costs in ten studies. The cost of TARE treat-
ment varied widely according to Barcelona Clinic Liver Cancer (BCLC) staging system and ranged from 1311 SUS PPP/
month (BCLC-A) to 71,890 SUS PPP/5-years time horizon (BCLC-C). The incremental cost-utility ratio for TARE versus
TACE resulted in a 17,397 SUS PPP/Quality-adjusted-Life-Years (QALY), and for TARE versus sorafenib ranged from
dominant (more effectiveness and lower cost) to 3363 SUS PPP/QALY.

Conclusions: Economic evaluations of TARE for HCC treatment are heterogeneous. Overall, TARE is a cost-effective
short- and long-term therapy for the treatment of intermediate-advanced HCC.
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Background
Hepatocellular carcinoma (HCC) is the most common
type of primary neoplasm of the liver, the sixth most

*Correspondence: nespinoza@porib.com common cancer, and the third leading cause of cancer
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Rodrigo 4 - letra |, 28224 Pozuelo de Alarcén, Madrid, Spain for 8.4% of all cancer deaths as of 2020 [3]. Patients with
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HCC have a significant humanistic and economic burden
[4]. The annual direct costs for HCC patients, regard-
less of stage or treatment, ranged from $29,354.47 to
$58,529.45 per patient in the United States. Also, indi-
rect costs, such as reduced labour productivity, account
for 10.8% ($49.1 million) of the overall annual cost (direct
and indirect) of HCC [4].

The Barcelona Clinic Liver Cancer (BCLC) staging sys-
tem is the most widely used and most frequently recom-
mended by scientific societies. This is the only system
that relates the prognostic evaluation (based on 5 stages)
to the different treatment options [1, 2]. The recently
updated BCLC guideline recommends first-line treat-
ments such as ablation, resection, transplantation, and
transarterial radioembolization (TARE) as an option
for patients in the early stages of the disease (BCLC-O0,
BCLC-A) or patients with a tumour size <8 ¢cm who are
not eligible for ablative techniques or resection. For the
intermediate stage (BCLC-B), treatment options include
transplantation for patients with well-defined nodules,
transarterial chemoembolization (TACE) for patients
with the preserved portal flow, and a defined tumour
burden, or systemic therapy. For advanced-stage (BCLC-
C), systemic therapy based on immunotherapy (a com-
bination of atezolizumab and bevacizumab) is the main
treatment option, and the second line option is tyrosine
kinase inhibitors (TKIs). The treatment option in the ter-
minal stage (BCLC-D) is palliative care [2].

The characteristics of the predominant arterial flow in
patients with HCC have justified treatment with intra-
arterial therapies, such as TARE with yttrium 90 micro-
spheres (*°Y-TARE) as a therapeutic option for HCC.
Y-TARE has demonstrated clinical efficacy as an alter-
native treatment for HCC in radiological response and
shown adequate safety profile in patients in different
stages of the disease [2]. In the early to intermediate stage
of HCC, treatment with TARE prolongs the time to pro-
gression, which reduces the withdrawal from transplant
or surgical resection waiting lists [5, 6]. In the advanced
stage of HCC, available evidence (the SARAH [7] and
SIRveNIB [8] studies) has determined *°Y-TARE pre-
sents an efficacy profile and survival benefit compared to
sorafenib. Also, when the combination of °Y-TARE with
sorafenib was evaluated (the SORAMIC study [9]), the
toxicity was no greater than sorafenib monotherapy [9].

A recent update of the European Society of Medical
Oncology (ESMO) clinical practice guidelines recom-
mends using *°Y-TARE as an alternative treatment in
the early and intermediate stages of HCC. The guideline
recommends using TARE in exceptional circumstances,
patients with diseases limited to the liver or with a good
liver function but for whom TACE or systemic therapy is
not possible [10]. Two types of microspheres are known
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to include the beta *°Y emitter: glass (TheraSphere®) [11]
and resin (SIR-Spheres®) microspheres [12]. Addition-
ally, there is a third type based on holmium-166 (**Ho,
QuiremSpheres®) [13] that was not included in the
review due to limited clinical evidence, as indicated by
the National Institute for Clinical Excellence (NICE) [14].

In addition to the clinical evidence, economic stud-
ies justify the use of new innovative therapies to opti-
mize clinical outcomes in the context of the National
Health System (NHS). Given the clinical benefits, lim-
ited economic resources, and greater emphasis placed
on strengthening healthcare systems, there is an inher-
ent need to generate economic evidence that enhances
efficiency and prioritizes the available health resources
[15]. Subsequently, a review of the economic benefits of
OY_-TARE in the HCC population needs to be established.
Thus, this systematic review aimed to review and sum-
marize the economic evaluations of the use of “°Y-TARE
for the treatment of primary hepatic neoplasms, specifi-
cally HCC.

Methods

Search strategy and identification of studies

A systematic review of all economic evaluations on TARE
for the treatment of HCC and published in Spanish and
English was conducted following the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) methodology [16, 17].

The search strategy was designed using the Population,
Intervention, Comparison, Outcomes (PICO) methodol-
ogy. Also, Boolean operators without limitations and by
these criteria: type of study, language, or year of publi-
cation (except the limitation of the search of communi-
cations to congresses to a 5-year period) were applied.
A manual search of the citations of the initially selected
articles was performed to identify potentially relevant
additional publications. Key search terms included
“Hepatocarcinoma’, “Hepatic neoplasms’, “Primary liver
tumour”, “Primary liver tumours’, “Liver metastases’,
“Secondary liver cancer’, “Hepatocellular carcinoma’,
“HCC’, “Intrahepatic cholangiocarcinoma’, “Colorectal
metastasis”, “Colorectal metastases’, “Colorectal carci-
noma’, “Colorectal neoplasms’, “Colon’, “Neuroendocrine
tumours’, “Yttrium-90’; “90Y”, “90-Y’; “Y-90”, “Y90’; “radi-
oembolization’, “transarterial radioembolization’, “tran-
scatheter arterial radioembolization’, “TARE’, “Selective
internal radiation therapy’, “SIRT”, “sirtuins’, “TheraS-
phere’;, “SIR-Spheres’, “SIRSpheres”, “Cost’, “Cost utility’,
“Cost benefit’, “Cost efficiency’;, “Cost analysis’, “Budget
impact” and “economic evaluation” (Additional file 1).

Databases were searched for all economic evalua-
tions using °Y-TARE for hepatic neoplasms published

until May 2021. The following electronic databases
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were explored: Medline through PubMed, Embase, The
Cochrane Library, and MEDES; health technology assess-
ment agencies, including the European Network for
Health Technology Assessment (EUnetHTA), Network
of Health Technology Assessment Agencies (REDETS),
and the National Institute for Health and Care Excellence
(NICE); and communications from international confer-
ences, including the Cardiovascular and Interventional
Radiological Society of Europe (CIRSE), European Con-
ference on Interventional Oncology (ECIO), European
Association of Nuclear Medicine (EANM), Society of
Interventional Oncology (SIO), International Society for
Pharmacoeconomics and Outcomes Research (ISPOR),
European Congress of Radiology (ECR) and Society of
Nuclear Medicine and Molecular Imaging (SNMMI).

Inclusion and exclusion criteria

Studies that performed an economic evaluation of
“Y-TARE as a single treatment, as a combination treat-
ment, or as part of a treatment sequence, regardless of
the line of treatment, disease, or comparator, were con-
sidered. Studies that did not comply with the inclusion
criteria were excluded. Economic evaluations that did not
refer to °Y-TARE as part of their development or evalu-
ation were excluded. The inclusion and exclusion criteria
were first applied to the titles and abstracts of the pub-
lications, and the full texts of the selected studies were
reviewed.

Data extraction

Two independent authors (NE and IO) executed the
search strategy and independently screened all studies.
Possible discrepancies after the review were resolved
through discussion and consensus among the authors.
Data was extracted using a standardized template
(reviewed by NE and IO) and the parameters collected
include author/s, year and country of publication, type of
economic evaluation defined as full (cost-effectiveness-
analysis [CEA], cost-utility analysis [CUA], and cost-
minimization analysis [CMA]) and partial (cost-analysis
[CA] and budget-impact-analysis [BIA]) economic evalu-
ations, perspective, time horizon, type of model, evalu-
ated comparative alternatives, patient characteristics,
cost estimation, health outcomes, and cost-effectiveness
results. Cost estimates were extracted as reported in the
publication, converted to euros (€), and inflated to 2020
(€, 2020) using the reference exchange published by the
European Central Bank. Inflation rates were derived from
the Organisation for economic co-operation and devel-
opment (OECD). To eliminate differences in the purchas-
ing power across the different currencies and countries, a
purchasing power parity factor (PPP) was performed to
convert the costs to international dollars (US$ PPP) [18].
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Quality assessment

The methodological quality of the included studies was
assessed using the Consolidated Health Economic Eval-
uation Reporting Standards (CHEERS) checklist [19].
CHEERS includes a 24-item checklist and assigns a score
of 1 if the explicit parameters contemplated in the stud-
ies were met (“YES”) and a score of 0 if they were not
(“NO”). The full (CEA, CUA, and CMA) economic evalu-
ations were evaluated against a 24-item checklist, and the
partial (CA and BIA) were evaluated against a 20-item-
checklist. This difference was due to the 4 items (items 9,
10, 12, and 21) not being applicable to the study type. An
internal classification criterion was developed to assess
and categorize the quality of included studies as low
(<50%), medium (50% and 80%), and high (>80%). The
final included studies were independently reviewed by
co-authors (NE and 10).

Results

Study selection

The database search identified 423 studies records, of
which 394 were excluded as duplicates or did not meet
the inclusion criteria. A total of 29 full-text studies were
screened, of which nine studies were excluded due to:
metastasis of colorectal cancer (n=7), metastasis of
neuroendocrine tumours of hepatic origin (n=1), and
intrahepatic cholangiocarcinoma (n=1). Twenty stud-
ies met the eligibility criteria. A flow diagram of records
founds, screened, selected, and full-text studies evaluated
is shown in Fig. 1.

Overview of the included studies

Eleven of the 20 studies (55%) were full economic evalua-
tions [20-30] and nine studies (45%) were partial evalua-
tions [31-39] (Table 1). Using the CHEERS checKklist, the
thirteen articles were of high quality (mean score of 94%),
and seven abstracts/poster were of lower quality assess-
ment (mean score of 56%), mainly because of the limited
breadth of data.

Full economic evaluations (n=11)

Characteristics of the included studies

Eleven publications were categorized as full economic
evaluations (7 articles [20, 22, 23, 26, 28—30] and 4 con-
gress communications [21, 24, 25, 27]). Seven were pub-
lished from a European perspective [22-26, 28, 29] and
four from the USA [20, 21, 27, 30]. The HCC population
studied were mainly patients with HCC in the inter-
mediate and advanced stages (8 of 11 publications: one
BCLC-B [23], four BCLC-C [24, 25, 27, 30], and three
grouped stages BCLC-B and BCLC-C [26, 28, 29]); one
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* References searching
—
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o (n=40) "| '« Withdrawn publication (n= 1)
@
v
Reports assessed for eligibility Reports excluded after complete reading (n= 10)
(n=39) »| * Non-Economic Evaluations results (n=7)
¢ Other palliative therapies (n=3)
v
o Studies included in review (n=29)
]
= * Hepatocellular carcinoma (n=20)
E ¢ Other primary liver diseases and
metastases (n=9)
Fig. 1 Bibliographic selection based on the PRISMA criteria

publication grouped early and intermediate stages [22],
and two publications grouped all three stages (BCLC-A,
B and C) [20, 21].

Regarding the type of microsphere evaluated, three
publications did not specify the type of microsphere
[21, 26, 27]; two studies referred to TheraSphere® [22,
24], two studies referred to SIR-Spheres® [25, 29], three
studies referred to both types (TheraSphere® and SIR-
Spheres®) [20, 23, 30], and one study reported the use of
three types of microspheres, including QuiremSpheres®
[28]. The main comparators were TACE [20-23] and
sorafenib [24—30, 30], in addition to transarterial emboli-
zation (TAE) [22], TACE with doxorubicin-releasing par-
ticles (DEB-TACE) [22] and lenvatinib [28].

Regarding the pharmacoeconomic parameters, two of
the eleven studies were CEA [20, 21], eight were ACU
[22-24, 26-30], and one was a CMA [25]. Six of the
eleven studies used a Markov modelling [22-24, 26, 27,

30], two studies utilized Monte-Carlo modelling [20, 21],
two were survival-based models [28, 29], and one utilized
decision trees modelling [28]. The cost minimisation
study did not specify the type of model [25] used. The
time horizon ranged from 5 years [20, 21, 30] to lifetime
[23, 26, 27, 29]. The payer’s perspective predominated (10
of 11 publications), although one study focused on the
social perspective [28]. The outcome measures included
overall survival (OS), life month gained (LMGQ), life years
gained (LYG), quality-adjusted life years (QALY), incre-
mental cost-effectiveness ratios (ICERs), incremental
cost-utility ratios (ICURs), willingness-to-pay (WTP),
and incremental net monetary benefit (NMBs). The char-
acteristics of the full economic evaluations are summa-
rized in Table 2.

TARE versus TACE TACE therapy was one of the com-
parators considered in four of the eleven studies [20-23]);
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two studies [20, 21] compared TARE with TACE, a third
study [22] included TACE and two other comparators
(TAE and DEB-TACE), and lastly publication reported
TACE as part of a sequence of therapies (TARE, TACE
and possibly sorafenib [TTS sequence] versus TARE plus
sorafenib [TS sequence]) [23]. The stages of the evaluated
patients were heterogeneous; early [20-22], intermediate
[20-23], and advanced [20, 21] disease.

TARE versus TKI Seven studies [24—30] used sys-
temic therapy as a comparator; 6 studies [24-27, 29, 30]
reported only sorafenib as a comparator, and one study
[28] included lenvatinib. Additionally, these seven stud-
ies evaluated patients with the intermediate-advanced
disease.

Results of the full economic evaluations
The costs and health outcomes reported in the eleven
studies were heterogeneous (Table 3).

TARE versus TACE Four studies reported higher costs
(TARE versus TACE) [20-22], and this finding was inde-
pendent of the patient’s BCLC-A, B, or C in three stud-
ies. The fourth publication presented a higher cost in TS
sequence therapy than TTS sequence (47% of patients
with sorafenib) in patients with the intermediate disease
[23].

In one study, the health outcomes reported for patients
in the intermediate stage showed a benefit of TARE
over TACE in terms of LYG and QALY [22]. The study
evaluated sequences of therapies, TTS (with optional
sorafenib), and showed a greater incremental benefit
than TS for LYG and QALYs [23]. Two studies [20, 21])
reported the benefits for TARE in the advanced stage
(BCLC-C), with lower benefits compared to TACE in the
early and intermediate stages.

The ICERs of TARE versus TACE presented monthly
(LMG) [20] and annual costs (LYG) [22]. Additionally,
two studies [22, 23] presented ICUR results (€/QALY),
and one study did not present any ratios [21]. For the
early and intermediate stages of the disease, one study
(Manas et al. [22]) presented an ICER of £ 12,833/
LYG (£, 2020) (12,291 $US PPP/LYG) and established
the ICUR of TARE versus TACE at £ 17,279/QALY (£,
2020) (17,397 $US PPP/QALY), with a 76.5% probabil-
ity of being profitable considering a cost-effectiveness
threshold of £ 20,000/QALY (£, 2020). In the intermedi-
ate stage, one study evaluated two treatment sequences
and reported that TTS (with sorafenib in 47% of
patients), including TARE, was the dominant strategy
(i.e., it offered greater effectiveness with lower associ-
ated cost). When compared to TS, an 83% probability of
being efficient based on a threshold of € 50,000/QALY
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was estimated [23]. In the advanced stage, TARE was
superior to TACE (ICER 8 $US PPP/LMG) when the
intervention was evaluated in one lobe and obtained
an ICER of $ 356/LMG ($, 2013) (399 $US PPP/LMG)
when the two-lobe intervention was evaluated [20].
TARE was inferior (with lower effectiveness and higher
associated cost) when used in the early and intermedi-
ate stages [20]. The second publication by Rostambeigi
et al. [21] did not detail the calculation of ICERs.

TARE versus TKI Six [24-26, 28-30] of the seven
studies compared TARE with sorafenib in patients with
intermediate-advanced stage and reported lower costs
for TARE (differences between 1454 to 46,982 $US
PPP). However, Parikh et al. [27] evaluated a similar
group of patients and reported conflicting cost results, a
difference attributable to the source of the clinical trial
efficacy parameters.

The benefits for health outcomes were greater for
TARE [24-26, 29] than sorafenib in four of the seven
studies (maximum QALY gained was 0.540 in BCLC-B,
0.27 in BCLC-C, and 0.601 in both stages); two stud-
ies [27, 28] showed greater health benefits for sorafenib
(maximum QALY gained was 0.09), and one study [30]
reported differing results depending on the source of
clinical efficacy.

For patients with advanced-stage, TARE therapy was
considered superior to sorafenib in five [24-26, 29, 30] of
the seven studies when the SARAH RCT clinical param-
eters were used [7] as the source of clinical efficacy. The
remaining two studies [27, 28] reported sorafenib was
superior to TARE in patients with intermediate-advanced
stage.

Study quality reporting assessment

Included studies categorized as full economic evaluations
were appraised for their quality: six of the eleven studies
(55%) [22, 23, 26, 28—30] had a high score when evaluated
with the 24-item checklist (mean compliance:=99%).
Approximately, 27% (3 of 11) and 18% (2 of 11) of the
studies had a moderate score (mean compliance: 66%)
[20, 25, 27] and a low score (mean compliance of 46%)
[21, 24], respectively.

Partial economic evaluations (n=9)

Characteristics of the included studies

Nine publications were partial evaluations (6 articles [31,
34-37, 39] and 3 congress communications [32, 33, 38]).
Six publications were from the European perspective [31,
33, 36—39]), two from the United States [34, 35], and one
from the Canadian perspective [32]. The HCC popula-
tion included patients with intermediate and advanced
stages in seven of the nine studies [31-33, 36—39]; five
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Table 2 Descriptive analysis of full economic evaluations for hepatocellular carcinoma

Author, year, Patient’s Treatments Analysis type/  Perspective/ Cost Outcomes

publication characteristics model time horizon

type and Comparators Microspheres

country

TARE versus

TACE

Rostambeigi, BCLC-A TARE versus TACE TheraSphere™  CEA/Monte Payer/5 years Direct cost OS and incremen-

2014 [20] BCLC-B SIR-Spheres® Carlo (medical) tal cost

Original article BCLC-C

USA

Rostambeigi, BCLC-A TARE versus TACE ND CEA/Monte Payer/5 years ND OS, procedure-

2014 [21] BCLC-B Carlo and complica-

Communication ~ BCLC-C tions costs, and

at congress incremental cost

USA

Manas, 2021 [22] BCLC-A TARE versus TACE,TAEo  TheraSphere™  CUA/Markov Payer/20 years  Direct cost Downstaging?,

Original article BCLC-B DEB-TACE (medical) LYG, QALY, ICER(£/

United Kingdom LYG) y ICUR(£/
QALY)

Rognoni, 2018 BCLC-B TTS: TheraSphere™  CUA/Markov Payer/lifetime Direct cost Cost, QALY, ICUR

[23] TARE +TACE + sorafenib SIRfSpheres® (medical) (€/QALY), WTP a

Original article (on 47% of patients) €50,000/QALY

[taly TS: TARE + sorafenib

TARE versus

TKis

Chaplin, 2015 BCLC-CP TARE versus sorafenib TheraSphere™  CUA/Markov Payer/10years ~ ND Cost, TTP.SG y

[24] ICUR (£/QALY),

Communication

at congress

United Kingdom

Palmer, 2017 [25] BCLC-C TARE versus sorafenib SIR-Spheres® Cost-minimiza- ~ Payer/ND Direct cost Cost (£), principals

Communication tion analysis (medical) factors cost, QALY

at congress

United Kingdom

Rognoni, 2017 BCLC-B TARE versus sorafenib ND CUA/Markov Payer/lifetime Direct cost Cost, QALY,

[26] BCLC-C (medical) ICUR (€/QALY),

Original article WTP a €38,500

[taly (~£30,000)/QALY

Parikh, 2018 [27]  BCLC-CS TARE versus sorafenib ND CUA/Markov Payer/lifetime Direct cost ICUR ($/QALY)

Communication (medical)

at congress

USA

Walton, 2020 BCLC-B TARE versus TKls TheraSphere™ CUA/Partitioned  Payer and Direct and ICUR (£/QALY),

[28] BCLC-C (Child- SIR-Spheres® survival model  social/10years indirect cost incremental net

Systematic review  Pugh A e ineligi- QuiremSpheres® and decision monetary (NMB)

an economic bleaCTT) tree

evaluation

United Kingdom

Muszbek, BCLC-BY TARE versus sorafenib SIR—Spheres® CUA/Partitioned  Payer/lifetime Direct cost Cost, LYG, QALY,

2020-21 [29] BCLC-Cd survival model (medical) ICUR (£/QALY),

Original article WTP a £20.000, INB

United Kingdom

Marqueen, 2021 BCLC-C TARE versus sorafenib TheraSphere™ CUA/Markov Payer/5 years Direct cost Cost, QALY, ICUR

[30] SIR-Spheres® (medical) (€/QALY),WTP a

Original article
USA

$100,000/QALY o
$200,000/QALY

BCLC Barcelona Clinic Liver Cancer classification, CEA cost-effectiveness analysis, CTT conventional transarterial therapy, CUA cost-utility analysis, DEB-TACE doxorubicin
eluting bead transarterial chemoembolization, HCC hepatocellular carcinoma, ICER cost-effectiveness incremental ratio, ICUR incremental cost-utility ratio, LYG LYG life-
years gained, ND no data, OS overall survival, QALY quality-adjusted life years, TACE transarterial chemoembolization, TAE transarterial embolization, TARE transarterial
radioembolization, TKI tyrosine kinase inhibitors, TTP time to progression, TTS sequency TARE, TACE and optional sorafenib (sorafenib was administered on 47% of
patients), WTP willingness-to-pay

2 Downstaging: decrease in tumour burden that allows patients to be rescued for treatments such as liver transplantation

b Assumed clinical characteristics of two separate RCTs: TheraSphere (Salem et al. 2011) and sorafenib (Phase Ill SHARP RCT-Llovet et al. 2018)
¢ Patients with unresectable HCC and Child-Pugh class A cirrhosis
4 BCLC-B 0 BCLC-C (not appropriate to TACE): HCC with low tumour burden (< 25%) and good liver function (albumin-bilirubin [ALBI] grade 1)
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studies [31, 32, 36, 37, 39] reported the inclusion of
patients as BCLC-B or BCLC-C, and two studies defined
the intermediate or advanced stage as unresectable HCC
(Muszbek et al.) [33, 38]. Of the two remaining studies,
one (Ray et al.) [34] described HCC in a way that can be
assumed to correspond to an early BCLC-A stage (male
patient 65 years old with unresectable solitary HCC of
3 cm isolated in 1 lobe, not suitable for transplantation),
and the second study (Ljuboja et al.) [35] did not define
the population.

Three of the nine studies evaluated SIR—Spheres® [31,
35, 39], one included TheraSphere® [32], three consid-
ered both TheraSphere® and SIR-Spheres® [36-38], and
two did not specify the type of microsphere evaluated.
The comparators were TACE [31, 32, 34, 35, 38], ablative
therapy [34, 35] and systemic therapies (sorafenib [31, 33,
36, 37, 39] and lenvatinib [39]).

Regarding the time horizon, six studies were CA [31,
33-36, 38] and reported time horizons ranging from
1 month to 2 years. The remaining three studies were
BIA [32, 37, 39] and reported time horizons ranging from
3 years to a lifetime horizon. The payer’s perspective was
most frequently used (100%); with the exception of one
study that considered the social perspective [38]. The
HCC stages of the study population, the comparators,
and the outcome measures considered in the partial eco-
nomic evaluations are highlighted in Table 4.

TARE versus TACE Treatment with TACE was consid-
ered as a comparator in five [31-35] of the nine studies.
Four of five studies reported the stages of HCC (early [34],
intermediate, and/or advanced stages [31-33]). In stud-
ies of intermediate-stage HCC, one study compared only
TACE versus TARE [33], two studies [31, 32] included
sorafenib in addition to TACE, and two studies [34, 35]
reported including radiofrequency ablation (RFA).

TARE versus TKI Four studies [36—39] used systemic
therapy as a comparator: three [36—-38] reported sorafenib
as a comparator, while one [39] publication also included
lenvatinib in the assessment. All four studies considered
patients in the intermediate-advanced stage.

Results of the partial economic evaluations

The costs and health outcomes were heterogeneous,
mainly due to the type of economic evaluation performed
and the grouping of patients with the different stages of the
disease. Aggregated data for intermediate and advanced
stages (BCLC-B combined with BCLC-C) were reported
in five studies [31, 32, 36, 37, 39]. Data differentiated by
HCC stages was reported in three studies (BCLC-A [34],
BCLC-B [33], and BCLC-C [38]), and one publication [35]
did not report the stage of disease (Table 5).
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TARE versus TACE Four CAs [31, 33-35] and one BIA
[32] compared TARE versus TACE. The CA studies mostly
indicated higher treatment costs (range: 11,572-42,368
$US-PPP) with TARE than with TACE (range: 9577-
35,855 $US PPP) treatments [31, 33—35], ablative ther-
apy (range: 3790-11,135 $US PPP) [34, 35] or sorafenib
(12,460 $US PPP) [31]. However, one study (Muszbek
et al.) [33] reported similar costs for TARE and TACE
regardless of whether the costs were obtained from the
official source (the NHS) or via a micro-costing approach
[40]. Furthermore, Colombo et al. [31] highlighted the
omission of the costs of unplanned hospitalization and
adverse events (AEs) from their assessment. However, Ray
et al. [34] established that in the early stage (based on a
hypothetical cohort of patients older than 65 years) TARE
had lower costs than TACE in more than one-third of the
simulations of the evaluated scenarios. The BIA [32] study
found cost savings with TARE during 3 consecutive years
(savings of 40,699; 64,454, and 82,437 $US PPP at years 1,
2, and 3, respectively) of evaluation in a simulated popula-
tion of 200 patients in a Canadian hospital.

No health outcomes were reported in the five studies
that compared TARE with TACE. However, Colombo
et al. [31] evaluated the treatment patterns in four centres
in Italy and found TACE as the treatment of choice for
intermediate HCC and sorafenib as the most commonly
used first-line treatment for advanced HCC.

TARE versus TKI The cost comparisons of TARE ver-
sus TKI (2 CA [36, 38] and 2 BIA [37, 39]) reported dis-
similar results for TARE in patients with intermediate
and/or advanced-stage disease. The CA by Luca et al.
[36] reported significantly lower cost for TARE (18,096
$US PPP) than sorafenib subgroup (28,520 $US PPP).
Besides, the CA by Muszbek et al. [38] identified signifi-
cant changes in the clinical practices for the management
of advanced HCC patients, showing a 54 to 79% decrease
in monthly costs compared to previous surveys. The BIA
published by Rognoni et al. [37] from the Italian Health
perspective was estimated to save € 7 million with the
progressive increase in the use of TARE (from 20 to 50%)
instead of sorafenib over 5 years. The second BIA (Pollock
et al.) [39] evaluated TARE versus without TARE in four
European countries (Spain, France, Italy, and the United
Kingdom) and reported the use of TARE in Spain would
generate a cost savings of 26.5% over a 3-year period.
Within the type of resources used, the pharmacologi-
cal cost, the work-up, the number of procedures and
the management of AEs were identified as cost drivers
for TARE and TKIs. Only three [36, 37, 39] of the four
studies provided health outcomes in the survival rates
[36], the number of events (deaths or hospitalizations)
avoided [37], incremental LYG [39], and the proportion
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of patients receiving treatment with curative intent [39].
The CA by Luca et al. [36] estimated that TARE had
significantly higher medium-term survival rates than
sorafenib (TARE 64.1% vs. sorafenib 24.3%; p=0.012)
after 2 years of follow-up of patients with intermediate-
advanced HCC. The BIA by Rognoni et al. [37] reported
a greater number of deaths avoided (2 and 14 deaths in
5 and 10 years, respectively) and fewer hospital admis-
sions due to hepatic decompensation (32 hospitaliza-
tions avoided in 5 years) in the intermediate-advanced
stage. The BIA by Pollock et al. [39] reported an incre-
mental LYG of 0.009 with TARE (1.176 LYG) compared
to sorafenib (1.168 LYG) and reported that 71 additional
patients would benefit from treatment with curative
intent over a 3-year period.

Study quality reporting assessment

Approximately six [31, 34-37, 39] of the nine studies
(67%) had a high score when evaluated with a 20-items
checklist (mean compliance:93%). The remaining three
studies (33%) were rated as having a moderate quality
(mean compliance: 62%) [32, 33, 38].

Discussion

This review demonstrates that there is evidence that
“Y-TARE is a potentially cost-effective therapy for the
treatment of HCC in the intermediate and advanced
stages. °Y-TARE was associated with lower treatment
costs than sorafenib but higher treatment costs when
compared to TACE or ablative therapy. However, the BIA
conducted in Canada reflects cost savings associated with
Y-TARE, even when the incremental cost of the device
acquisition was considered [32]. Though, studies that
compared *°Y-TARE with TACE did not account for AEs
(postembolization syndrome) [20, 22], a key cost compo-
nent and lower repetition rate associated with TARE than
with TACE [22, 31].

Health outcomes vary with maximum health ben-
efits associated with TARE when compared with TACE
for intermediate- [22] and advanced-stage patients [20,
21] and when compared with sorafenib for intermedi-
ate- [26] and advanced-stage patients [24-26, 29, 36,
37, 39]. However, the comparison of the effectiveness of
TARE versus TACE suggests that TARE may be more
beneficial to intermediate HCC as it offers a greater pos-
sibility for curative intent in these patients [22]. Similarly,
these results suggest that a greater number of patients
with advanced HCC can obtain greater clinical benefits
from TARE, though at a higher cost [25]. Compared with
sorafenib and assuming the same clinical efficacy [24—
27, 29, 30], maximum health benefits could be obtained
using TARE, given the lower overall cost of TARE
reported in studies [24, 25, 27, 29, 30]. Thus, assuming
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the same health resources for TARE and sorafenib, a
greater number of patients could potentially be treated
with TARE than with sorafenib, given the cost savings of
TARE [32, 37, 39].

Several strengths to our study exist. To our knowl-
edge, this is the first systematic review of the economic
evidence of *°Y-TARE therapy in hepatic neoplasms that
included HCC. This review included a strict inclusion cri-
terion focusing on economic evaluations on TARE in liver
neoplasms. An extensive search strategy was conducted
by performing a search of both English and Spanish stud-
ies from the international bibliographic databases with
the largest number of indexed publications (Medline and
EMBASE) and of a database of publications in Spanish
(MEDES). Also, with the goal of identifying the greatest
possible number of studies, communications presented at
various international conferences were consulted.

Some limitations to our study exist. First, given English
and Spanish studies were included in our review, this may
lead to excluding other potential economic evaluations
published in other languages. As such, there is a potential
for publication bias. Second, the diversity of methodolo-
gies used and the different parameters such as a variety of
sources of clinical efficacy, comparators, and time hori-
zons may limit the external validity of the results. Third,
costs were reported for different dates and currencies, or
did not report the reference year for cost items collected.
Regardless, costs were adjusted to 2020 ($US PPP costs).
Also, studies with missing reference years were assumed
to be the same as cost reference sources or the study’s
publication year. Fourth, the internal evaluation of the
study quality varied as the appraisal of the quality of stud-
ies showed considerable differences across studies. Given
we included conference abstracts (n=7) with no full-text
version available at the time of this review, this limited
the analysis and appraisal of the results. Even though
some included studies were abstracts, it is important to
note that the results showed similarities with other stud-
ies with full manuscripts.

Economic outcomes are dependent on pathology man-
agement and affect resource consumption during patient
HCC management. The development of new systemic
therapies in recent years [41], along with the availability
of new diagnostic algorithms for HCC [42], could modify
clinical practice guidelines due to earlier detection of the
pathology. Another relevant issue is the influence of the
radiologist’s experience with liver images on determin-
ing treatment response [43]. Furthermore, personalised
dosimetry with *°Y-TARE has shown significant clini-
cal improvement in objective response rate and OS in
patients with locally advanced HCC [44]. These parame-
ters are related to resource consumption in clinical prac-
tice and may affect the results reported here.
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Conclusion

This review suggests that *°Y-TARE contributes to the
reduction of hospital resource and therefore reduces
costs, improves patient outcomes, and improves the
value and efficiency in hospitals. Overall, TARE is a cost-
effective short- and long-term treatment for HCC, driven
by increased LYG compared to other HCC therapies.
Given the evidence highlighted in this review, *°Y-TARE
is a cost-effective therapy for treating patients with liver
neoplasms or HCC in the intermediate and advanced
stages. Since clinical practice guidelines or new therapies
could potentially impact these results, we recommend
future economic evaluations focusing on *°Y-TARE from
different cost perspectives.

Abbreviations

AE: Adverse events; BC: Base case; BCLC: Barcelona Clinic Liver Cancer; BIA:
Budget-impact-analysis; CA: Cost-analysis; CEA: Cost-effectiveness-analysis;
CHEERS: Consolidated Health Economic Evaluation Reporting Standards; Cl:
Confidence interval; CIRSE: Cardiovascular and Interventional Radiological
Society of Europe; CMA: Cost-minimization-analysis; CT: Clinical trial; CTT

: Conventional transarterial therapy; CUA: Cost-utility-analysis; DEB-TACE:
Doxorubicin eluting bead transarterial chemoembolization; EANM: European
Association of Nuclear Medicine; ECIO: European Conference on Interven-
tional Oncology; ECR: European Congress of Radiology; ESMO: European Soci-
ety of Medical Oncology; EUNetHTA: European Network for Health Technology
Assessment; HCC: Hepatocellular carcinoma; HTA: Health technology assess-
ment; ICER: Incremental cost-effectiveness ratio; ICUR: Incremental cost-utility
ratio; ISPOR: International Society for Pharmacoeconomics and Outcomes
Research; LMG: Life month gained; LYG: Life years gained; NHS: National
Health System; NICE: National Institute for Health and Clinical Excellence; NMB:
Net monetary benefit; OECD: Organization for Economic Co-operation and
Development; OS: Overall survival; PPP: Purchasing power parity; PRISMA:
Preferred Reporting items for Systematic Reviews and Meta-Analyses; QALY:
Quality-adjusted life year; REDETS: Network of Health Technology Assess-
ment Agencies; RFA: Radiofrequency ablation; SIO: Society of Interventional
Oncology; SNMMI: Society of Nuclear Medicine and Molecular Imaging; SOR:
Subgroup or patients with sorafenib; TACE: Transarterial chemoemboliza-
tion; TAE: Transarterial embolization; TARE: Transarterial radioembolization;
TDABC: Time-drive activity-based costing; TS: TARE plus sorafenib; TTP: Time to
progression; TTS sequence: TARE, TACE and possibly sorafenib; TKls: Tyrosine
kinase inhibitors; WTP: Willingness-to-pay; “°Y-TARE: TARE with yttrium 90
microspheres.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512876-022-02396-6.

[ Additional file 1. Terminology of searching strategy in PubMed. }

Acknowledgements
Not applicable

Author contributions
All authors provided input into the writing, reviewing and revision of the
manuscript. All authors read and approved the final manuscript.

Funding
Not applicable.

Page 21 of 23

Availability of data and materials

The datasets used and/or analysed during the current study available from the
corresponding author on reasonable request. The version contains additional
information. The additional information of search strategy is in the Additional
file 1.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

NEC and IO, are employees of Pharmacoeconomics & Outcomes Research Ibe-
ria (PORIB), a consultancy specialising in economic evaluation of health inter-
ventions, which has received private financial support from Boston Scientific
in relation to the development of this work, including research, interpretation
and writing of the manuscript. ARF has received consultancy and proctor fees
from Boston Scientific. ICT has received lecture fee from Sirtex Medical. FMG,
DF, JCA, NS, have no relevant financial or non-financial interests to disclose.
AW, RB are employees at Boston Scientific Corp. NE, 10 has received research
support from Boston Scientific.

Author details

"Nuclear Medicine Department, Hospital Gregorio Mararién, Madrid, Spain.
Nuclear Medicine Department, Hospital Clinico Universitario, Valencia, Spain.
3Nuclear Medicine Department, Hospital Universitario Central, Asturias, Spain.
“Nuclear Medicine Department, Hospital Clinic, Barcelona, Spain. *Nuclear
Medicine Department, Hospital Virgen de las Nieves, Granada, Spain. ®Pharma-
coeconomics & Outcomes Research Iberia (PORIB), P. Joaquin Rodrigo 4 - letra
I, 28224 Pozuelo de Alarcon, Madrid, Spain. ’Boston Scientific Iberia, Madrid,
Spain. 8Boston Scientific, Marlborough, MA, USA.

Received: 29 March 2022 Accepted: 20 June 2022
Published: 2 July 2022

References

1. Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet Lond Engl.
2018;391:1301-14. https://doi.org/10.1016/50140-6736(18)30010-2.

2. Reig M, Forner A, Avila MA, Ayuso C, Minguez B, Varela M, et al. Diagnosis
and treatment of hepatocellular carcinoma. Update of the consensus
document of the AEEH, AEC, SEOM, SERAM, SERVEI, and SETH. Med Clin
(Barc). 2021;156:463.e1-463.e30. https://doi.org/10.1016/j.medcli.2020.09.
022.

3. World Health Organization. Global Cancer Observatory (GCO). Cancer
Today 2020. http://gco.arcfr/today/home. Accessed 2 Mar 2022.

4. Kohn CG, Singh P, Korytowsky B, Caranfa JT, Miller JD, Sill BE, et al. Human-
istic and economic burden of hepatocellular carcinoma: systematic
literature review. Am J Manag Care. 2019;25:5P61-73.

5. Salem R, Gordon AC, Mouli S, Hickey R, Kallini J, Gabr A, et al. Y90 radi-
oembolization significantly prolongs time to progression compared with
chemoembolization in patients with hepatocellular carcinoma. Gastroen-
terology. 2016;151:1155-1163.e2. https://doi.org/10.1053/j.gastro.2016.
08.029.

6. Garlipp B, de Baere T, Damm R, Irmscher R, van Buskirk M, Stibs P, et al.
Left-liver hypertrophy after therapeutic right-liver radioembolization is
substantial but less than after portal vein embolization. Hepatol Baltim
Md. 2014;59:1864-73. https://doi.org/10.1002/hep.26947.

7. VilgrainV, Pereira H, Assenat E, Guiu B, llonca AD, Pageaux G-P, et al.
Efficacy and safety of selective internal radiotherapy with yttrium-90
resin microspheres compared with sorafenib in locally advanced and
inoperable hepatocellular carcinoma (SARAH): an open-label randomised


https://doi.org/10.1186/s12876-022-02396-6
https://doi.org/10.1186/s12876-022-02396-6
https://doi.org/10.1016/S0140-6736(18)30010-2
https://doi.org/10.1016/j.medcli.2020.09.022
https://doi.org/10.1016/j.medcli.2020.09.022
http://gco.iarc.fr/today/home
https://doi.org/10.1053/j.gastro.2016.08.029
https://doi.org/10.1053/j.gastro.2016.08.029
https://doi.org/10.1002/hep.26947

Alonso et al. BMC Gastroenterology 2022,22(1):326

20.

22.

23.

24.

25.

26.

controlled phase 3 trial. Lancet Oncol. 2017;18:1624-36. https://doi.org/
10.1016/51470-2045(17)30683-6.

Chow PKH, Gandhi M, Tan S-B, Khin MW, Khasbazar A, Ong J, et al. SIR-
veNIB: selective internal radiation therapy versus sorafenib in Asia-pacific
patients with hepatocellular carcinoma. J Clin Oncol. 2018;36:1913-21.
https://doi.org/10.1200/JC0O.2017.76.0892.

Ricke J, Klimpen HJ, Amthauer H, Bargellini |, Bartenstein P, de Toni

EN, et al. Impact of combined selective internal radiation therapy and
sorafenib on survival in advanced hepatocellular carcinoma. J Hepatol.
2019;71:1164-74. https//doi.org/10.1016/},jhep.2019.08.006.

European Society for Medical Oncology (ESMO). Updated treatment
recommendations for hepatocellular carcinoma (HCC) from the ESMO
Clinical Practice Guidelines. 2021. https://www.esmo.org/guidelines/gastr
ointestinal-cancers/hepatocellular-carcinoma/eupdate-hepatocellular-
carcinoma-treatment-recommendations. Accessed 5 Nov 2021.

. Boston Scientific. TheraSphereTM Y-90 glass microspheres 2021. https://

www.bostonscientific.com/en-US/products/cancer-therapies/thera
sphere-y90-glass-microspheres.html. Accessed 2 Dec 2021.

Sirtex. SIR-Spheres® Y-90 resin microsphere 2021. https://www.sirtex.
com/eu/clinicians/. Accessed 2 Dec 2021.

Terumo. QuiremSpheres® Microspheres 2021. https://www.terumo-
europe.com/en-emea/products/quiremspheres%E2%84%A2-microspher
es. Accessed 16 Dec 2021.

National Institute for Clinical Excellence (NICE). Selective internal radia-
tion therapies for treating hepatocellular carcinoma. Guidance. 2021.
https://www.nice.org.uk/guidance/ta688. Accessed 16 Dec 2021.

Lépez Bastida J, Oliva J, Antofianzas F, Garcia-Altés A, Gisbert R, Mar J, et al.
A proposed guideline for economic evaluation of health technologies.
Gac Sanit. 2010;24:154-70. https://doi.org/10.1016/j.gaceta.2009.07.011.
Moher D, Liberati A, Tetzlaff J, Altman DG, for the PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. BMJ. 2009;339:b2535. https://doi.org/10.1136/bmj.b2535.
Page MJ, Moher D, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,

et al. PRISMA 2020 explanation and elaboration: updated guidance and
exemplars for reporting systematic reviews. BMJ. 2021;372: n160. https://
doi.org/10.1136/bmj.n160.

. Organisation for Economic Cooperation and Development (OECD).

Conversion rates—purchasing power parities (PPP). 2020. https://doi.org/
10.1787/1290ee5a-en.

. Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg

D, et al. Consolidated Health Economic Evaluation Reporting Standards
(CHEERS) statement. Eur J Health Econ HEPAC Health Econ Prev Care.
2013;14:367-72. https://doi.org/10.1007/510198-013-0471-6.

Rostambeigi N, Dekarske AS, Austin EE, Golzarian J, Cressman EN. Cost
effectiveness of radioembolization compared with conventional transarte-
rial chemoembolization for treatment of hepatocellular carcinoma. J Vasc
Interv Radiol. 2014,25:1075-84. https://doi.org/10.1016/jvir2014.04.014.

. Rostambeigi N, Dekarske A, Austin E, Golzarian J, Cressman E. Simulation

study on cost-effectiveness of radioembolization compared with trans-
arterial chemoembolization for hepatocellular carcinoma [abstract]. J Vasc
Interv Radiol. 2014,25:5104-5. https://doi.org/10.1016/j,vir.2013.12.292.
Manas D, Bell JK, Mealing S, Davies H, Baker H, Holmes H, et al. The
cost-effectiveness of TheraSphere in patients with hepatocellular carci-
noma who are eligible for transarterial embolization. Eur J Surg Oncol.
2021;47:401-8. https://doi.org/10.1016/j.ej50.2020.08.027.

Rognoni C, Ciani O, Sommariva S, Tarricone R. Cost-effectiveness analysis
of treatments involving radioembolization in intermediate-stage hepa-
tocellular carcinoma. J Comp Eff Res. 2018;7:209-21. https://doi.org/10.
2217/cer-2017-0050.

Chaplin S, Taylor M, Lapon J, White J. Economic evaluation of glass
yttrium-90 microspheres versus sorafenib for the treatment of advanced
hepatocellular carcinoma: cost effectiveness analysis in the United King-
dom. Cardiovasc Intervent Radiol. 2015;38:5279-80.

Palmer D, Ross P, Shah T, Yu D, Shergill S, Patterson K; et al. Cost effective-
ness of selective internal radiation therapy (SIRT) with Y-90 resin micro-
spheres versus sorafenib in Barcelona Clinic Liver Cancer (BCLC) stage C
hepatocellular carcinoma patients in the UK. Ann Oncol. 2017,28:v239—
40. https://doi.org/10.1093/annonc/mdx369.087.

Rognoni C, Ciani O, Sommariva S, Tarricone R. Real-world data for

the evaluation of transarterial radioembolization versus sorafenib in

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 22 of 23

hepatocellular carcinoma: a cost-effectiveness analysis. Value Health.
2017;20:336-44. https://doi.org/10.1016/jjval.2016.09.2397.

Parikh N, Singal A, Kulik L, Hutton D. Cost-effectiveness of sorafenib versus
selective internal radiation therapy for patients with advanced hepatocel-
lular carcinoma. Hepatology. 2018;68(Suppl. 1):532A-3A.

Walton M, Wade R, Claxton L, Sharif-Hurst S, Harden M, Patel J, et al.
Selective internal radiation therapies for unresectable early-, intermedi-
ate- or advanced-stage hepatocellular carcinoma: systematic review,
network meta-analysis and economic evaluation. Health Technol Assess.
2020;24:1-264. https://doi.org/10.3310/hta24480.

Muszbek N, Remak E, Evans R, Brennan VK, Colaone F, Shergill S, et al.
Cost-utility analysis of selective internal radiation therapy with Y-90 resin
microspheres in hepatocellular carcinoma. Future Oncol Lond Engl.
2021;17:1055-68. https://doi.org/10.2217/fon-2020-1004.

Marqueen KE, Kim E, Ang C, Mazumdar M, Buckstein M, Ferket BS. Cost-
effectiveness analysis of selective internal radiotherapy with yttrium-90
versus sorafenib in locally advanced hepatocellular carcinoma. JCO Oncol
Pract. 2021;17:e266—77. https://doi.org/10.1200/0P.20.00443.

Colombo G, Camma C, Attili A, Ganga R, Gaeta G, Franzini JM, et al. Pat-
terns of treatment and costs of intermediate and advanced hepatocel-
lular carcinoma management in four ltalian centers. Ther Clin Risk Manag.
2015;11:1603. https://doi.org/10.2147/TCRM.S88208.

Hubert MM, Karellis A, Sherman M, Gill S, Beecroft R, Sampalis JS. Beyond
budget silos-budget impact analysis of transarterial radioembolization
with yttrium-90 glass microspheres for hepatocellular carcinoma from

a hospital perspective. Value Health. 2016;19:A308. https://doi.org/10.
1016/jjval 2016.03.671.

Muszbek N, Evans R, Remak E, Brennan V, Colaone F, Shergill S. PCN98
cost-comparison analysis of selective internal radiation therapy (SIRT)
and transarterial chemoembolisation (TACE) in unresectable hepatocel-
lular carcinoma (HCC). Value Health. 2019;22:5455. https://doi.org/10.
1016/jjval.2019.09.295.

Ray CE, Battaglia C, Libby AM, Prochazka A, Xu S, Funaki B. Interventional
radiologic treatment of hepatocellular carcinoma—a cost analysis from
the payer perspective. J Vasc Interv Radiol. 2012,23:306-14. https://doi.
0rg/10.1016/}§vir2011.11.016.

Ljuboja D, Ahmed M, Ali A, Perez E, Subrize MW, Kaplan RS, et al. Time-
driven activity-based costing in interventional oncology: cost measure-
ment and cost variability for hepatocellular carcinoma therapies. J Am
Coll Radiol. 2021;18:51546144021002945. https://doi.org/10.1016/jjacr.
2021.03.027.

Luca MG, Nani R, Schranz M, De Giorgio M, legri C, Agazzi R, et al. Treat-
ment of hepatocellular carcinoma: a cost analysis of yttrium-90 transarte-
rial radioembolization versus sorafenib. Future Oncol. 2018;14:727-35.
https://doi.org/10.2217/fon-2017-0566.

Rognoni C, Ciani O, Sommariva S, Bargellini |, Bhoori S, Cioni R, et al. Trans-
arterial radioembolization for intermediate-advanced hepatocellular
carcinoma: a budget impact analysis. BMC Cancer. 2018;18:715. https://
doi.org/10.1186/512885-018-4636-7.

Muszbek N, Evans R, Remak E, Brennan VK, Colaone F, Shergill S. Changes ion
Health State Costs in Hepatocellular Carcinoma (HCC). ISPOR Int Soc Pharma-
coeconomics Outcomes Res n.d. https://www.ispororg/heor-resources/prese
ntations-database/presentation/euro2019-3119/97618. Accessed 7 Apr 2021.
Pollock RF, Colaone F, Guardiola L, Shergill S, Brennan VK. A cost analysis
of SIR-Spheres yttrium-90 resin microspheres versus tyrosine kinase
inhibitors in the treatment of unresectable hepatocellular carcinoma in
France, Italy, Spain and the UK. J Med Econ. 2020;23:593-602. https://doi.
0rg/10.1080/13696998.2020.1731213.

Drummond M, Sculpher M, Torrance G, O'Brien B, Stoddart G. Methods
for the economic evaluation of health care programmes, vol. 54. Oxford:
Oxford University Press; 2002.

Granito A, Forgione A, Marinelli S, Renzulli M, lelasi L, Sansone V, et al.
Experience with regorafenib in the treatment of hepatocellular carci-
noma. Ther Adv Gastroenterol. 2021;14:175628482110169. https://doi.
org/10.1177/17562848211016959.

Renzulli M, Golfieri R. Proposal of a new diagnostic algorithm for hepato-
cellular carcinoma based on the Japanese guidelines but adapted to the
Western world for patients under surveillance for chronic liver disease. J
Gastroenterol Hepatol. 2016;31:69-80. https://doi.org/10.1111/jgh.13150.


https://doi.org/10.1016/S1470-2045(17)30683-6
https://doi.org/10.1016/S1470-2045(17)30683-6
https://doi.org/10.1200/JCO.2017.76.0892
https://doi.org/10.1016/j.jhep.2019.08.006
https://www.esmo.org/guidelines/gastrointestinal-cancers/hepatocellular-carcinoma/eupdate-hepatocellular-carcinoma-treatment-recommendations
https://www.esmo.org/guidelines/gastrointestinal-cancers/hepatocellular-carcinoma/eupdate-hepatocellular-carcinoma-treatment-recommendations
https://www.esmo.org/guidelines/gastrointestinal-cancers/hepatocellular-carcinoma/eupdate-hepatocellular-carcinoma-treatment-recommendations
https://www.bostonscientific.com/en-US/products/cancer-therapies/therasphere-y90-glass-microspheres.html
https://www.bostonscientific.com/en-US/products/cancer-therapies/therasphere-y90-glass-microspheres.html
https://www.bostonscientific.com/en-US/products/cancer-therapies/therasphere-y90-glass-microspheres.html
https://www.sirtex.com/eu/clinicians/
https://www.sirtex.com/eu/clinicians/
https://www.terumo-europe.com/en-emea/products/quiremspheres%E2%84%A2-microspheres
https://www.terumo-europe.com/en-emea/products/quiremspheres%E2%84%A2-microspheres
https://www.terumo-europe.com/en-emea/products/quiremspheres%E2%84%A2-microspheres
https://www.nice.org.uk/guidance/ta688
https://doi.org/10.1016/j.gaceta.2009.07.011
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1787/1290ee5a-en
https://doi.org/10.1787/1290ee5a-en
https://doi.org/10.1007/s10198-013-0471-6
https://doi.org/10.1016/j.jvir.2014.04.014
https://doi.org/10.1016/j.jvir.2013.12.292
https://doi.org/10.1016/j.ejso.2020.08.027
https://doi.org/10.2217/cer-2017-0050
https://doi.org/10.2217/cer-2017-0050
https://doi.org/10.1093/annonc/mdx369.087
https://doi.org/10.1016/j.jval.2016.09.2397
https://doi.org/10.3310/hta24480
https://doi.org/10.2217/fon-2020-1004
https://doi.org/10.1200/OP.20.00443
https://doi.org/10.2147/TCRM.S88208
https://doi.org/10.1016/j.jval.2016.03.671
https://doi.org/10.1016/j.jval.2016.03.671
https://doi.org/10.1016/j.jval.2019.09.295
https://doi.org/10.1016/j.jval.2019.09.295
https://doi.org/10.1016/j.jvir.2011.11.016
https://doi.org/10.1016/j.jvir.2011.11.016
https://doi.org/10.1016/j.jacr.2021.03.027
https://doi.org/10.1016/j.jacr.2021.03.027
https://doi.org/10.2217/fon-2017-0566
https://doi.org/10.1186/s12885-018-4636-7
https://doi.org/10.1186/s12885-018-4636-7
https://www.ispor.org/heor-resources/presentations-database/presentation/euro2019-3119/97618
https://www.ispor.org/heor-resources/presentations-database/presentation/euro2019-3119/97618
https://doi.org/10.1080/13696998.2020.1731213
https://doi.org/10.1080/13696998.2020.1731213
https://doi.org/10.1177/17562848211016959
https://doi.org/10.1177/17562848211016959
https://doi.org/10.1111/jgh.13150

Alonso et al. BMC Gastroenterology 2022,22(1):326 Page 23 of 23

43. Tovoli F, Renzulli M, Negrini G, Brocchi S, Ferrarini A, Andreone A, et al.
Inter-operator variability and source of errors in tumour response assess-
ment for hepatocellular carcinoma treated with sorafenib. Eur Radiol.
2018;28:3611-20. https://doi.org/10.1007/500330-018-5393-3.

44, Garin E, Palard X, Rolland Y. Personalised dosimetry in radioembolisa-
tion for HCC: impact on clinical outcome and on trial design. Cancers.
2020;12:1557. https://doi.org/10.3390/cancers12061557.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1007/s00330-018-5393-3
https://doi.org/10.3390/cancers12061557

	Economic evaluations of radioembolization with Itrium-90 microspheres in hepatocellular carcinoma: a systematic review
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Search strategy and identification of studies
	Inclusion and exclusion criteria
	Data extraction
	Quality assessment

	Results
	Study selection
	Overview of the included studies
	Full economic evaluations (n = 11)
	Characteristics of the included studies
	TARE versus TACE 
	TARE versus TKI 

	Results of the full economic evaluations
	TARE versus TACE 
	TARE versus TKI 

	Study quality reporting assessment

	Partial economic evaluations (n = 9)
	Characteristics of the included studies
	TARE versus TACE 
	TARE versus TKI 

	Results of the partial economic evaluations
	TARE versus TACE 
	TARE versus TKI 

	Study quality reporting assessment


	Discussion
	Conclusion
	Acknowledgements
	References


