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Abstract
Purpose  Strategies for the treatment of liver metastases from colon cancer (lmCRC) are constantly evolving. Radioembo-
lization with yttrium 90 (Y-90 TARE) has made significant advancements in treating liver tumors and is now considered a 
potential option allowing for future resection. This study reviewed the scientific evidence and developed recommendations 
for using Y-90 TARE as a treatment strategy for patients with unresectable lmCRC.
Methods  A multidisciplinary scientific committee, consisting of experts in medical oncology, hepatobiliary surgery,  
radiology, and nuclear medicine, all with extensive experience in treating patients with ImCRC with Y-90 TARE, led this 
project. The committee established the criteria for conducting a comprehensive literature review on Y-90 TARE in the treat-
ment of lmCRC. The data extraction process involved addressing initial preliminary inquiries, which were consolidated into 
a final set of questions.
Results   This review offers recommendations for treating patients with lmCRC using Y-90 TARE, addressing four areas 
covering ten common questions: 1) General issues (multidisciplinary tumor committee, indications for treatment, contrain-
dications); 2) Previous process (predictive biomarkers for patient selection, preintervention tests, published evidence); 3) 
Procedure (standard procedure); and 4) Post-intervention follow-up (potential toxicity and its management, parameters for 
evaluation, quality of life).
Conclusions  Based on the insights of the multidisciplinary committee, this document offers a comprehensive overview of 
the technical aspects involved in the management of Y-90 TARE. It synthesizes recommendations for applying Y-90 TARE 
across various phases of the treatment process.
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CIRSE	� Cardiovascular and Interventional Radio-
logical Society of Europe

CT	� Computed tomography
PVT	� Portal and/or hepatic vein tumor thrombus
EANM	� European Association of Nuclear Medicine
EBRT	� External beam radiotherapy
ECIO	� European Conference on Interventional 

Oncology
ECR	� European Congress of Radiology
ESMO GI	� World Congress on Gastrointestinal Cancer 

of European Society for Medical Oncology
FLR	� Future liver remnant
FOLFOX	� 5-Fluorouracil, leucovorin and oxaliplatin
GI ASCO	� Gastrointestinal Cancers Symposium of 

American Society of Clinical Oncology
HCC	� Hepatocellular carcinoma
HRQoL	� Health-related quality of life
lmCRC​	� Liver metastases from colorectal cancer
MRI	� Magnetic resonance imaging
MTC	� Multidisciplinary tumour committee
NCCN	� National Comprehensive Cancer Network
ORR	� Objective response rate
OS	� Overall survival
PET	� Positron emission tomography
PFS	� Progression-free survival
RECIST	� Response evaluation criteria in solid tumors
REILD	� Radioembolization-induced liver disease
SEMNIM	� Spanish Society of Nuclear Medicine and 

Molecular Imaging
SEOM	� Spanish Society of Medical Oncology
SEOR	� Spanish Society of Radiation Oncology
SERVEI	� Spanish Society of Vascular and Interven-

tional Radiology
SMC	� Spanish multidisciplinary consensus
HPS	� Hepatopulmonary shunt
SIO	� Society of Interventional Oncology
SNMMI	� Society of Nuclear Medicine and Molecular 

Imaging
SPECT	� Single photon emission computed 

tomography
TACE	� Transarterial chemoembolization
Y-90 TARE	� Yttrium-90 transarterial radioembolization

Introduction

Colorectal cancer (CRC) is the second leading cause of 
cancer-related deaths worldwide [1]. It has the highest 
incidence in Spain, with an estimated 42,721 new cases 
in projected for 2023 [1]. Approximately 50% of patients 
with CRC present with metastases at the time of diagnosis 
(synchronous metastases) or develop them throughout the 

course of the disease (metachronous metastases), with liver 
metastases (lmCRC) being the most frequent location [2]. 
In these cases, surgical resection is an option with curative 
intent; however, only 10–20% of patients can be consid-
ered suitable for resection at onset [3, 4]. The remaining 
patients may present an unresectable pathology without 
the possibility of future resection. Alternatively, in a more 
positive scenario, they could opt for a strategy that improve 
the conditions for subsequent tumor resection [3, 4]. Radi-
oembolization with yttrium-90 (Y-90 TARE), which con-
sists of irradiating the tumor within the liver parenchyma 
using 90Y microspheres, plays an increasingly relevant role 
in the therapeutic strategy for treating lmCRC [3, 4]. It is 
useful in patients who are refractory to lmCRC treatment, 
and there is growing interest in its use in the early stages of 
the disease [3, 4].

Given the absence of a specific consensus document on 
the indications and management of Y-90 TARE in patients 
with unresectable lmCRC, the objective of this document 
is to review current scientific evidence and develop general 
recommendations to enhance understanding of this treatment 
strategy in routine clinical practice.

Methodology

The project was conducted in two phases involving several 
deliberative meetings (Fig. 1). In the first phase, a multidis-
ciplinary scientific committee was stablished, comprising 
experts specializing in medical oncology, hepatobiliary 
surgery, radiology, and nuclear medicine, all had experi-
ence managing patients with lmCRC using Y-90 TARE. 
Under the committee’s supervision, the objective and cri-
teria for evidence review were determined through a com-
prehensive bibliographic search protocol for Y-90 TARE 
in managing lmCRC. The search encompasses the Medline 
database (PubMed) and international congresses commu-
nications. The PubMed search was limited to the last 5 
years (April 2017–April 2022), with conference commu-
nications restricted to the previous 2 years. Editorial letters 
or case reports were excluded. In the second phase, data 
extraction was carried out by addressing an initial set of 34 
preliminary questions, subsequently consolidated into 10 
final questions to facilitate the understanding and provide 
recommendations for this document (Table 1). Based on 
the identified publications, the information was analyzed 
and distributed accordingly. All authors contributed to 
developing the guidelines, providing a critical review of 
the evidence, and finalizing the proposed recommendations 
in this guide. In situations where there was no evidence but 
a high level of agreement among panel members, informal 
consensus was reached.
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Results and discussion

Characteristics and evaluation of the information

The identified publications included guidelines, systematic 
reviews and/or meta-analyses, clinical trials, and observa-
tional studies. Considering the robustness and quality of the 

information, national and international clinical guidelines 
served as reference documents for lmCRC patient manage-
ment. These included the most recent versions of the Euro-
pean Society for Medical Oncology (ESMO) 2022 [5], the 
European Association of Nuclear Medicine (EANM) 2022 
[3], the National Comprehensive Cancer Network (NCCN) 
v1.2022 [6], the Spanish multidisciplinary consensus (SMC) 

Fig. 1   Recommendation development process. a Members of the 
expert group are arranged alphabetically according to the specialty. b 
Members of the expert group met online for joint agreement. The fol-
low-up of the development and validation of the document was done 
by email. c Congresses included within the search protocol: Cardio-
vascular and Interventional Radiological Society of Europe (CIRSE), 
European Conference on Interventional Oncology (ECIO), European 
Association of Nuclear Medicine (EANM), Society of Interventional 

Oncology (SIO), European Congress of Radiology (ECR), Society of 
Nuclear Medicine and Molecular Imaging (SNMMI), Gastrointesti-
nal Cancers Symposium of American Society of Clinical Oncology 
(GI ASCO), World Congress on Gastrointestinal Cancer of Euro-
pean Society for Medical Oncology (ESMO GI), Spanish Society of 
Nuclear Medicine and Molecular Imaging (SEMNIM) and Spanish 
Society of Medical Oncology (SEOM)
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2020 [7] from scientific societies (including the Spanish 
Society of Medical Oncology [SEOM], the Spanish Asso-
ciation of Surgeons [AEC], the Spanish Society of Radia-
tion Oncology [SEOR], the Spanish Society of Vascular and 
Interventional Radiology [SERVEI] and the Spanish Society 
of Nuclear Medicine and Molecular Imaging [SEMNIM]), 
the SEOM clinical guideline for the diagnosis and treatment 
of lmCRC [8], and the consensus of the EANM dosimetry 
committee [9]. Subsequently, the analysis prioritized phase 
III clinical trials and prospective, ambispective, and retro-
spective observational studies. The selection of studies con-
sidered aspects related to the sample size, the stage of the 
study population, and relevance to clinical practice that is 
adaptable to the Spanish context.

Recommendations

Question 1: Which members should be part 
of the multidisciplinary tumor committee (MTC) to select 
patients who are candidates for Y‑90 TARE?

Recommendation 1.1. MTC members evaluating can-
didates for treatment with Y-90 TARE should include at 
least surgeons specializing in hepatobiliary surgery, medi-
cal oncology and radiation therapy, vascular and interven-
tional radiology, and nuclear medicine. It is also recom-
mended to include radiopharmacists and radiophysicists.

The management strategies for patients with lmCRC 
are constantly evolving, necessitating a multidisciplinary 
approach in the decision-making process for intervention 
with Y-90 TARE. This approach involves a group of experts 
who regularly convene to ensure proper patient selection, 
aiming to achieve maximum clinical benefit with a favorable 
toxicity profile. The significance of this multidisciplinary 
approach is emphasized in national [7] and international 
guidelines, such as ESMO 2022 [5] and EANM 2022 [3]. 
Similarly, publications reflecting clinical practice in Spain 

highlight the importance of a multidisciplinary approach 
in decision-making for the Y-90 TARE treatment strategy 
[10–13].

Question 2: What are the indications for treatment 
with Y‑90 TARE for patients with lmCRC?

Recommendation 2.1. In routine clinical practice, the use 
of Y-90 TARE in lmCRC is intended for patients with pre-
dominantly hepatic disease that is refractory or intolerant 
to chemotherapy. In a subset of patients limited to clini-
cal trials setting, Y-90 TARE is used in the early stages of 
treatment (e.g., in patients who are potential candidates for 
resection but would have a small remaining liver volume 
[future liver remnant, FLR] post-resection).

Guidelines support using Y-90 TARE therapy for patients 
who are not optimally resectable, have not responded to 
available chemotherapy agents, and have limited liver dis-
ease [3, 5–7]. These recommendation correspond to level 
III-B (ESMO 2022 [5]) and category 2A (NCCN [6]). The 
ESMO 2022 [5] further suggest considering its use as con-
solidation treatment in previous lines, although limited 
to clinical trial environments [5]. The SMC 2020 [7] also 
recommended therapy for unresectable patients who are 
refractory to systemic chemotherapy and for neoadjuvant 
treatment in technically inoperable patients to facilitate sub-
sequent resection of metastasis.

Recommendation 2.2. The clinical selection criteria for 
Y-90 TARE should be include laboratory examinations, 
such as blood count, coagulation, liver, and renal profile. 
Prognostic markers such as carcinoembryonic antigen 
(CEA) should also be evaluated. In addition, it is recom-
mended to evaluate the patient’s treatment history, includ-
ing previous surgeries and local treatments, such as chem-
oembolization (TACE) and/or local ablation techniques.

The pre-treatment clinical evaluation of patients under-
going Y-90 TARE begins with stratification based on 

Table 1   Questions addressing Y-90 TARE recommendations in lmCRC​

Process Questions

General issues 1. Which members should be part of the multidisciplinary tumor committee (MTC) 
for the selection of patients who are candidates for Y-90 TARE?

2. What are the indications for treatment with Y-90 TARE?
3. What are the contraindications for Y-90 TARE?

Previous process 4. Are there biomarkers that can predict candidate patients for Y-90 TARE treatment?
5. What are the preintervention tests with Y-90 TARE?
6. What is the evidence for Y-90 TARE treatment in lmCRC?

Procedure 7. What is the standard procedure for Y-90 TARE?
Post-intervention follow-up 8. What is the potential toxicity of Y-90 TARE, and how is it handled?

9. What parameters are used for the evaluation of Y-90 TARE response?
10. How does Y-90 TARE impact the quality of life of the patient with lmCRC?
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international standards, followed by a series of laboratory 
examinations conducted within 30 days prior to the inter-
vention [3, 8, 10] (Fig. 2). It is also essential to consider the 
number of previous treatments lines and the specific treat-
ments received prior to Y-90 TARE intervention. This may 
include surgery of the primary tumor, previous systemic 
chemotherapy, treatment with TACE, as well as local abla-
tion technique are allowed [3].

Question 3: What are the contraindications for Y‑90 TARE?

Recommendation 3.1. Absolute clinical criteria contrain-
dicating treatment with Y-90 TARE include circumstances 
of pregnancy, lactation, life expectancy < 3 months, clinical 
hepatic impairment, and disseminated extrahepatic disease 
(EHD). Relative clinical criteria that potentially contrain-
dicate Y-90 TARE treatment include elevated Child–Pugh 
score (> 7 with an increased likelihood of hepatic decom-
pensation), elevated intrahepatic (> 50–70% replacement 
of liver parenchyma by the tumor) or extrahepatic tumor 
burden, acute or severe chronic renal failure (creatinine 
clearance < 30 ml/min), and previous external beam radia-
tion therapy (EBRT).

The EANM 2022 [3] provides a differentiation between 
absolute and relative contraindications for the use of Y-90 
TARE. In addition, Y-90 TARE therapy is safer in cases, 
where the patient has had limited hepatic exposure to EBRT, 
as previous liver exposure to EBRT can exacerbate liver 

toxicity following Y-90 TARE treatment. The cumulative 
thresholds of liver tolerance for combined radiation exposure 
are still unknown [11, 14].

Recommendation 3.2. Disseminated EHD is contrain-
dicated in Y-90 TARE treatment. However, when there is 
limited EHD (defined as the presence of metastases in hilar 
lymph nodes ≤ 2 cm and the presence of up to 5 lung nod-
ules ≤ 1 cm), TARE treatment may be considered.

Although EHD is associated with lower overall survival 
(OS) [15], patients with limited EHD might benefit from 
Y-90 TARE [3, 5]. In the context of lmCRC, the definition 
of limited EHD considers a threshold ≤ 5 nodules, either pul-
monary and/or lymph nodes in the same region (SIRFLOX 
[16]), or metastases susceptible to future treatment (FOX-
FIRE [17]) [3]. The National Institute of the Netherlands 
defines acceptable limited EHD as the presence of a single 
lymph node metastasis (same region; diameter ≤ 2 cm) and/
or lung metastases (≤ 5 metastases; diameter < 1 cm) and 
when the prognosis is determined by liver disease [18, 19].

Question 4. Are there biomarkers that can predict 
candidate patients for Y‑90 TARE treatment?

Recommendation 4.1. Currently, no prospective validated 
biomarkers allow the selection of candidate patients for 
Y-90 TARE. The results of subgroup analyses suggest a 
better response in patients with an absence of baseline 

Fig. 2   Clinical, laboratory, and imaging evaluations prior to the 
procedure. 18F-FDG 18Fluor-fluorodeoxyglucose; CEA carcinoem-
bryonic antigen; CT computed tomography; EBRT external beam 
radiotherapy; HSF hepatopulmonary shunt fraction; MRI magnetic 

resonance imaging; PET positron emission tomography; SEM-
NIM Spanish Society of Nuclear Medicine and Molecular Imaging; 
SPECT single-photon emission computed tomography; TACE tran-
sarterial chemoembolization
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EHD, low tumor burden, CEA levels ≤ 20 ng/ml, a good 
Karnofsky index, ECOG, and hematological status.

Genetic biomarkers have been extensively studied in 
CRC, including in the context of Y-90 TARE. KRAS muta-
tions, found in approximately 47% of patients with lmCRC 
treated with Y-90 TARE, have been identified as potential 
biomarkers associated with increased progression-free sur-
vival (PFS) [20, 21]. However, these findings are inconsist-
ent with previous studies that reported a better response to 
Y-90 TARE in patients with native KRAS than those with 
mutant KRAS [22, 23]. On the other hand, no predictive 
association has been found between BRAF V600E muta-
tions, elevated microsatellite instability, and the outcome of 
Y-90 TARE [11].

In relation to clinical and metabolic biomarkers, the ret-
rospective study by Kurilova et al. [24] in the Netherlands 
analyzed multiple factors related to Y-90 TARE. It devel-
ops a nomogram consisting of six parameters (presence 
of EHD, number of EHD locations, CEA levels, albumin, 
alanine aminotransferase, and tumor differentiation levels) 
to predict OS. They also identified maximum standardized 
uptake value (SUVmax) as the only predictor of hepatic 
PFS. Damm et  al. [25] in Germany found associations 
between OS outcomes and a scoring system comprising 
three factors (tumor burden > 20%, Karnofsky index < 80%, 
and CEA level > 130 ng/ml or CA19.9 > 200 U/ml). In the 
prospective observational study by Triviño-Ibáñez et al. [10] 
(Spain), factors associated with increased OS were primary 
tumor resection, absence of KRAS mutations, and hemato-
logical status (hemoglobin, neutrophil–lymphocytosis and 
platelet–lymphocyte ratio). The influence of the laterality of 
the primary tumor on the response to treatment with Y-90 
TARE requires, further research to establish its association 
as part of the patient selection criteria.

Finally, imaging biomarkers, such as positron emission 
tomography (PET) combined with computed tomography 
(CT) with 18fluorodeoxyglucose (18F-FDG), before and after 
the intervention can also predict OS and PFS.A significant 
decrease (> 30%) in the uptake of 18F-FDG in liver metas-
tases after the procedure could be associated with increased 
survival [26].

Question 5. What are the preintervention tests with Y‑90 
TARE?

Recommendation 5.1. Procedures for patient selection 
include hepatic imaging and scintigraphy with technetium-
99m labelled albumin macroaggregates (99mTc-MAA), 
performing planar images of the chest and abdomen, and 
single-photon emission computed tomography (SPECT) 
with hepatic CT. Hepatic arteriography determines the 
hepatic arterial anatomy of the treated area. It allows for 
correction (embolization) of the regions that can cause 

future complications (possible leakage of the microspheres 
to other organs). 99mTc-MAA scintigraphy using SPECT or 
SPECT/CT allows us to simulate and anticipate the behav-
ior of microspheres with Y-90, which is relevant for the 
planning of the procedure. This planning also allows for 
selecting candidate patients by detecting any other deriva-
tion of extrahepatic arterial communications not detected 
by hepatic angiography. In addition, it allows for the cal-
culation of personalized dosimetry using a pulmonary 
shunt or hepatopulmonary shunt (HPS) and the tumor-
to-healthy liver parenchyma uptake ratio.

In addition to clinical evaluations, a functional imaging 
evaluation is crucial prior to and during the procedure with 
Y-90 TARE. Previous imaging tests, performed 30 days 
before the procedure, assess the feasibility of intervention 
with Y-90 TARE and serve multiple objectives, including 
staging, mapping of hepatic vascularization, simulation of 
microsphere distribution, and determination of tumor vol-
ume calculation [3, 11–13]. Contrast imaging techniques 
(CT, SPECT, and magnetic resonance imaging [MRI]) are 
employed for the various tests outlined in Fig. 2 [3, 11–13, 
27–30].

Recommendation 5.2. Imaging tests to assess the resect-
ability of metastases should first include abdominal/pelvic 
and thoracic CT. If there is uncertainty and depending on 
the location of the metastases and therapeutic possibilities, 
a second method, should be progressively included, such 
as MRI, PET/CT, and abdominal ultrasound.

Imaging techniques used to evaluate the secondary 
resectability of liver metastases include CT and MRI, while 
hepatic ultrasound and contrast ultrasound may be used to 
minimize radiation exposure [5]. Abdominal/pelvic and tho-
racic CT are commonly used to measure visible lesions with 
negative margins and sufficient FLR size [5, 31]. The MRI 
is used in lesions smaller than 10 mm in diameter, because 
it is more sensitive than CT in these cases [5]. For patients 
at high risk for local recurrence of EHD, CT, and PET are 
recommended [5].

Question 6. What is the evidence for Y‑90 TARE treatment 
in lmCRC?

Recommendation 6.1. In patients with potentially resect-
able liver metastases and oligometastatic disease, clinical 
evidence supports an indication for 90-Y TARE as a bridge 
therapy to surgery.

In assessing the resectability of lmCRC, the MTC will 
define the primary tumor status in cases of involving syn-
chronous metastases and/or oligometastatic disease [5]. 
Oligometastatic disease is defined as having ≤ 3 visceral or 
lymphoganglionary lesions without multiple metastases in 
the bones and brain (except for a single bone lesion attached 
to ≤ 2 resectable liver metastases) [5]. In oligometastatic 
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disease, Y-90 TARE can allow for subsequent complete 
R0 resection and, in turn, could be potentially curative in 
20–50% of cases [5]. The lmCRC is considered resectable 
when complete R0 resection of lesions will preserve the two 
adjacent liver segments, vascular inflow and outflow, ade-
quate biliary drainage, and an FLR ≥ 20% [11, 32]. In addi-
tion, lmCRC should only be considered unresectable after 
2–4 months of treatment with optimal systemic therapy [11].

Recommendation 6.2. Regarding the clinical evidence 
that exists for the indication of Y-90 TARE in the first-line 
treatment of unresectable lmCRC​, the results of the three 
phase III clinical trials FOXFIRE, SIRFOX and FOX-
FIRE-Global reported that the addition of Y-90 TARE to 
the systemic chemotherapy FOLFOX first-line treatment 
in patients with lmCRC is not recommended.

The pooled results from the phase III clinical stud-
ies FOXFIRE, SIRFLOX, and FOXFIRE-Global, which 
included patients with similar first-line eligibility crite-
ria in lmCRC, analyzed a total of 1103 patients receiving 
Y-90 TARE plus chemotherapy (n = 554) vs chemotherapy 
(n = 549). With a median follow-up of 43.3 months, the 
median OS of combination therapy was 22.6 vs 23.3 months 
with FOLFOX (5-fluorouracil, leucovorin, and oxaliplatin) 
(HR 1.04; 95% CI 0.90–1.19, p = 0.61) [33]. The median 
PFS in the combination therapy was 11.0 months (95% CI 
10.2–11.8) vs 10.3 months with FOLFOX (HR 0.90; 95% CI 
0.79–1.02, p = 0.11) [33]. The objective response rate (ORR) 
was higher with combination therapy (72% vs 63%) (pooled 
OR 1.52; 95% CI 1.18–1.96, p = 0.0012). Furthermore, the 
hepatic ORR was also higher in combination therapy vs 
FOLFOX (pooled OR 1.78; 95% CI 1.37–2.31, p < 0.0001). 
These findings suggest that the addition of Y-90 TARE to 
first-line FOLFOX systemic chemotherapy is not recom-
mended [33].

Recommendation 6.3. Second-line treatment with Y-90 
TARE for unresectable lmCRC is supported by clinical evi-
dence from the phase III EPOCH clinical trial and obser-
vational studies.

The clinical evidence supporting the indication of Y-90 
TARE as a second-line treatment for unresectable lmCRC is 
derived from the phase III EPOCH study, which employed 
glass microspheres [20, 21]. This study compared the addi-
tion of Y-90 TARE to second-line systemic chemotherapy in 
patients with lmCRC who progressed from a first-line treat-
ment based on oxaliplatin or irinotecan; which also includes 
biological agents [20]. The study demonstrated improved 
PFS and hepatic PFS outcomes with combination therapy 
using Y-90 TARE [20].

With a median follow-up of 36.0 and 42.3 months for 
the combination therapy and control group, respectively, the 
median PFS was 8.0 (Y-90 TARE plus chemotherapy) vs 7.2 
(chemotherapy) months (HR = 0.69; 95% CI 0.54–0.88; one-
sided p = 0.0013). The median hepatic PFS was 9.1 (Y-90 

TARE plus chemotherapy) and 7.2 (chemotherapy) months 
(HR = 0.59; 95% CI 0.46–0.77; one-sided p < 0.0001) [20]. 
The ORR for combination therapy was 34.0% (95% CI 
28.0–40.5), and it was 21.1% (95% CI 16.2–27.1; one-sided 
p = 0.0019) for chemotherapy [20]. The median OS was 14.0 
(95% CI 11.8–15.5) months for combination therapy and 
14.4 (95% CI 12.8–16.4; one-sided p = 0.7229) months for 
chemotherapy (HR = 1.07; 95% CI 0.86–1.32) [20]. Toxic-
ity was higher with Y-90 TARE (grade ≥ 3 adverse events 
[AEs]: 68.4% vs 49.3%) [20]. The results showed that the 
addition of Y-90 TARE to second-line systemic chemother-
apy prolongs PFS and hepatic PFS in lmCRC.

Retrospective observational studies have investigated 
the use of Y-90 TARE as savage therapy in patients who 
were refractory to at least a first line of systemic chemo-
therapy. These studies reported median OS outcomes of 
12.0 months in the study by Saxena et al. 2015 (n = 159; 
N = 302) [34], and 13.2 months in the study by Kennedy 
et al. 2017 (n = 206; N = 606) [35].

Recommendation 6.4. Clinical evidence supports using 
Y-90 TARE in highly selected patients with hepatic-resist-
ant or chemotherapy–refractory hepatic predominant 
lmCRC.

Treatment with Y-90 TARE has traditionally been admin-
istered as salvage therapy for lmCRC after failure of 2 or 
more previous lines. Unicentric (N = 104–302) and multi-
centric (N = 531–606) retrospective studies reflect OS results 
ranging from 10.0 to 10.6 months [15, 34–38]. Systematic 
reviews evaluating Y-90 TARE in patients with unresect-
able and refractory lmCRC chemotherapy (N = 979 [39]; 
N = 901 [40]) reflect OS data up to 12 months. In patients 
with chemotherapy–refractory lmCRC, improved time to 
progression has been observed when TARE is combined 
with 5-FU compared to 5-FU monotherapy [41].

Recommendation 6.5. The optimal time interval to 
consider any surgical intervention after the procedure 
with Y-90 TARE will depend on the time spent to obtain 
the maximum benefit (which may vary between 2 and 
10 months).

The available data derived from a small number of 
patients with HCC (n = 5), lmCRC (n = 5) and neuroendo-
crine tumors (n = 2), reported mean time from intervention 
with Y-90 TARE to resection of 322 days (range 195–703) 
[42]. According to an analysis by Berry et al. [43], waiting 
at least 8 weeks after an intervention with Y-90 TARE until 
surgery is recommended; however, the optimal time will 
depend on achieving the maximum benefit that TARE can 
present, which is between 3 and 6 months.

Question 7. What is the standard procedure for Y‑90 TARE?

Recommendation 7.1. The relationship between the dose 
administered and the average dose absorbed by the tumor 
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in lmCRC treated with Y-90 TARE is under continuous 
study, and its optimization is challenging. There is a rela-
tionship between the absorbed dose and the response rate, 
so the recommended dose would be the maximum possible, 
safeguarding the dose absorbed by the lungs and healthy 
liver tissue.

Dosimetry calculation is an essential parameter in Y-90 
TARE due to the different distributions of microsphere 
activity between healthy liver parenchyma and tumor tis-
sue [12]. The dose–response relationship varies depending 
on the types of microspheres used (resin and glass) [9, 44].

Dosimetry can be performed by three methodologies: sin-
gle-compartment, multiple-compartment, and voxel-based 
[3]. In the single-compartment model, a mean dose is admin-
istered to the entire perfused hepatic volume, considering 
a uniform distribution of microspheres without differentia-
tion between the tumor and the normal liver parenchyma, 
presenting as a limitation the administration of low doses 
or potential overdoses [3]. The multi-compartment or parti-
tion model evaluates the average dose in each compartment 
(tumor, normal liver and lung tissue), allowing for maximiz-
ing the dose to the tumor tissue while staying within toxicity 
thresholds for other compartments; this model is limited by 
the heterogeneity of the dose distribution in each compart-
ment [3]. The third method, based on voxels, enables the 
estimation of dose gradients and non-homogeneities on a 
small spatial scale [3]. The measurements for dosimetry 
include 99mTc-MAA SPECT/CT with or without attenua-
tion correction and PET/CT imaging [9].

Posttreatment imaging techniques include PET, planar 
scintigraphy, and bremsstrahlung SPECT/CT [3]. PET/
CT provides superior quantification and spatial resolution 
compared to the bremsstrahlung SPECT/CT technique [7]. 
Planar imaging helps identify unanticipated lung bypasses 
and investigate complications using 3D imaging [3, 45, 46].

Recommendation 7.2. The discontinuation of sys-
temic chemotherapy treatment at least 2 weeks and up to 
14 weeks prior to the beginning of Y-90 TARE treatment 
is recommended.

Retrospective studies that report data from routine clini-
cal practice, suggests that discontinuation of systemic chem-
otherapy typically occurs between 2 [47] and 4 [48] weeks 
prior to the intervention with Y-90 TARE. According to the 
Spanish multidisciplinary review, if there is evidence of low 
uptake of 99mTc-MAA in the tumor tissue an 8-week interval 
following the suspension of angiogenic drugs (bevacizumab 
and sunitinib), it is recommended to wait an additional 6 
weeks before proceeding with Y-90 TARE to achieve greater 
efficacy [13]. This extended interval is advised to enhance 
the efficacy of Y-90 TARE treatment.

Recommendation 7.3. Types of hepatic approaches 
with Y-90 TARE include radiation segmentectomy, 

lobectomy (with and without portal and/or hepatic vein 
tumor thrombus [PVT]), and treatment of both lobes 
(bilobar). Radiation segmentectomy is considered an 
exploratory strategy aimed at patients with oligometa-
static disease who are not amenable to curative treatment 
(percutaneous ablation or resection).

Several clinical scenarios can arise during the planning 
of Y-90 TARE, including the following [3]:

	 (i)	 Radiation segmentectomy in oligometastatic lmCRC, 
where the liver disease is limited to ≤ 2 segments, it 
can generate improved response rates, higher PFS, 
and no increased risk of liver damage [49, 50]. Sev-
eral retrospective studies with small cohorts have 
reported favorable results in lmCRC patients (Meier 
et al. [50], Padia et al. [51], Kurilova et al. [52]).

	 (ii)	 Radiation lobectomy is an option in lmCRC cases 
with unilobar diseases or cases, where hypertrophy 
of the contralateral lobe can be induced. This allow 
patients to undergo resection with curative intent 
(downstaging strategy), with evidence using glass 
and resin microspheres [44, 53]. In cases where lobar 
disease is not amenable to curative surgery, Y-90 
TARE can be used as a palliative treatment option 
[3]. It is important to note that evidence in cases of 
HCC suggests that Y-90 TARE does not increase 
liver toxicity only in patients with lobar disease and 
PTV [54].

	 (iii)	 Bilobar radiation can be performed as a single or 
sequential procedure. However, it should be noted 
that, while high doses absorbed by tumors correlate 
with improved response, doses absorbed by func-
tional liver parenchyma increase the risk of radioem-
bolization-induced liver disease (REILD) [3].

Recommendation 7.4. In bilobar disease, sequential 
treatment is preferred, because it allows for recovery 
of the treated lobe, and dosimetry for the second treat-
ment can be adjusted based on the first one. The interval 
between two lobar treatments ranges from doing it on the 
same day to 90 days.

In a sequential bilobar treatment, the dose obtained 
from the first procedure can be adjusted for the second 
intervention to optimize treatment outcomes [3]. Depend-
ing on the patient's liver function, the intervention in 
both lobes can be performed in one or two sessions [55]. 
The time intervals between treatments may vary depend-
ing on the types of microspheres. For sequential lobar 
interventions with glass microspheres the gaps can range 
from ≤ 30, 40, and 60 days, or even up to 90 days, mainly 
when there is a poor balance between dosimetry and 
patient characteristics, such as liver cirrhosis, liver vol-
ume < 1.5 L, or elevated bilirubin [3, 55–58].
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Recommendation 7.5. Retreatment with Y-90 TARE has 
been reported to be noncritical, although ongoing assess-
ment of cumulative absorbed doses to the lung parenchyma 
is recommended.

Retreatment with Y-90 TARE in lmCRC has limited and 
non-specific evidence, as stated in the EANM 2022 guide-
lines [3]. The decision for retreatment depends on the liv-
er’s regenerative capacity, with an interval of at ≥ 3 months 
between treatments [3]. Retreatment with Y-90 TARE is a 
feasible strategy, particularly in patients who have responded 
to the first treatment [3, 59]. It is noteworthy that retreatment 
with Y-90 TARE appears to be less critical than interven-
tions with Y-90 TARE after EBRT [3, 59]. In patients with 
EHD, available data regarding reintervention with Y-90 
TARE indicate an average lobar repeat of 2.6-fold, with an 
incidence of toxicity at 17% [60].

Question 8. What is the potential toxicity of Y‑90 TARE, 
and how is it handled?

Recommendation 8.1. Y-90 TARE can cause mild–moder-
ate to severe AEs (REILD and nontarget organ irradiation).

Common mild or moderate AEs (incidence > 10%) include 
fatigue, abdominal pain, nausea, fever or chills, transient 
elevation of liver enzymes, a transient decrease in lympho-
cytes, and constitutional symptoms (asthenia, weight loss, 
and anorexia) [3, 27]. Severe AEs, with an incidence < 5%, 
include unwanted target irradiation (radiation gastritis, gas-
trointestinal ulceration, upper gastrointestinal bleeding, pan-
creatitis, and radiation pneumonitis) and REILD (jaundiced 
ascites, hepatomegaly, and increased ratio of transaminases 
to elevated bilirubin), which occurs between 2 and 6 months 
after treatment and without disease progression [3, 11]. The 
risk of REILD increases when patients have been previously 
treated with chemotherapy [11, 61] or in cases in which more 
than two procedures are performed in a single lobe [59].

The EANM 2022 [3] recommends considering prophy-
lactic antibiotics in patients with a history of biliary inter-
vention (increased risk of cholangitis or abscess), although 
direct evidence is only related to TACE.

Recommendation 8.2. Adequate biochemical monitoring 
is relevant to control toxicity with Y-90 TARE.

Monitoring potential AEs following Y-90 TARE should 
be consider pretreatment liver function and treatment pro-
tocols. Non-dosimetric methods (body surface area-based 
methods and compartment models) may result in insufficient 
or overtreatment; notably, an absorbed dose of functional 
liver tissue ≥ 30 Gy can lead to radiation hepatitis [3, 12]. 
Therefore, careful consideration should be given to dose 
planning and optimization.

After Y-90 TARE, regular follow-up at 2 or 4 weeks 
with biochemical monitoring and clinical evaluations 
is recommended. In patients who have undergone ≥ 3 

previous chemotherapy treatments, grade 1–2 AEs are 
common and usually resolve without intervention [39].

Question 9. What parameters are used for the evaluation 
of Y‑90 TARE response?

Recommendation 9.1. Radiological changes induced 
by Y-90 TARE are assessed using Response Evaluation 
Criteria in Solid Tumors (RECIST). Imaging techniques 
commonly used include CT or MRI and FDG–PET.

In assessing treatment response to Y-90 TARE in 
patients with ImCRC, the RECIST 1.1 criteria have been 
commonly used [62]. These criteria were used to deter-
mine the response to Y-90 TARE treatment in patients 
with lmCRC providing a correlation between the treatment 
response and OS [20, 33]. However, the modified RECIST 
criteria (mRECIST) do not demonstrate the same correla-
tion [3, 63]. In lmCRC, response to Y-90 TARE has been 
assessed using several criteria (RECIST 1.1, tumor atten-
uation, Choi and PET of the European Organization for 
Research, and Treatment of Cancer [PET–EORTC]); these 
were compared in terms of their correlation with PFS, 
finding RECIST 1.1 criteria to have a low sensitivity for 
detecting metabolic responses compared to PET–EORTC 
criteria [64].

Recommendation 9.2. Response times to Y-90 TARE 
treatment are variable, depending on the type of imag-
ing test used and what is considered a response measure. 
To assess early response within 1 to 3 months, 18FFDG 
PET/CT can be used, while diffusion-weighted imaging 
or changes in metastases size could be observed for 3 to 
4 months.

In the context of lmCRC, 18FFDG–PET/CT has dem-
onstrated the ability to detect functional changes that pre-
cede structural changes, allowing for early assessment of 
treatment response (6–8 weeks) compared to conventional 
imaging [3]. The optimal response assessment time after 
Y-90 TARE in lmCRC remains uncertain, with different 
studies suggesting assessment at 1, 3, and 6 months after 
treatment and depending on the measurement of response, 
either by controlling the disease or by decreasing the 
tumor volume [3, 65].

Studies have shown that early follow-up assessments 
at 1 and 3 months using 18FFDG PET/CT are more sensi-
tive and accurate predicting OS compared to assessments 
based solely on tumor size reduction determined by MRI. 
This suggest that metabolic response, as detected by 
18FFDG PET/CT, may precede anatomical response, with 
earlier changes in metabolic activity indicative of treat-
ment efficacy [66].
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Question 10. How does Y‑90 TARE impact the quality of life 
of patients with lmCRC?

Recommendation 10.1. In clinical practice, the most 
appropriate instruments for measuring patients' health-
related quality of life (HRQoL) with lmCRC treated with 
Y-90 TARE include the generic questionnaires EQ-
5D-3L and the EORTC QLQ-C30. The colorectal liver 
cancer module (EORTC QLQ-CML21) and the func-
tional assessment of cancer therapy against colorectal 
cancer (FACT-C) questionnaire can be used as more 
specific alternatives.

Clinical trials evaluating Y-90 TARE in patients with 
lmCRC, either in first-line [67] and second-line [21] treat-
ment with associated with systemic chemotherapy, have uti-
lized various instruments to assess HRQoL.

The EQ-5D-3L questionnaire has been commonly used 
as a generic instrument to assess HRQoL in these stud-
ies [68, 69]. It provides a standardized measure of health 
status across different conditions and treatment modali-
ties. The EORTC QLQ-C30 questionnaire, a widely used 
cancer-specific HRQoL instrument, has also been employed 
to evaluate the impact of Y-90 TARE on various aspects 
of a patients' well-being [70]. In addition, the EORTC 
QLQ–LMC21 module targets explicitly targets the assess-
ment of HRQoL in patients with colorectal liver metastases, 
providing disease-specific information related to liver cancer 
[71]. The FACT-C questionnaire, which is a combination 
of the Functional Assessment of Cancer Therapy-General 
(FACT-G) questionnaire and the colorectal cancer-specific 
subscale (CRC subscale), has been utilized to assess HRQoL 
in lmCRC patients undergoing Y-90 TARE [72]. A recent 
prospective phase IV study (PROACTIF) [73] used the 
FACT-Hep questionnaire [74], which is an instrument for 
the functional evaluation of the treatment of hepatobiliary 
cancer (liver, bile ducts, and pancreas). This questionnaire 
comprehensively evaluates the functional status and well-
being of patients with hepatobiliary tumors.

Recommendation 10.2 The evidence identified on Y-90 
TARE therapy and its impact on the quality of life of 
patients with lmCRC has been determined in mixed cohorts 
of patients or in first-line treatment. The results show that 
Y-90 TARE maintains the patient's HRQOL.

In phase III clinical trials (FOXFIRE, SIRFLOX and 
FOXFIRE GLOBAL) involving patients with lmCRC 
(N = 1103), HRQoL was assessed using various instru-
ments. The results showed that HRQoL decreased in the 
first 3 months after treatment in patients treated with first-
line therapy, but this decline was not considered clinically 
significant [67]. Subsequent HRQoL evaluations conducted 
annually over a 2 years of follow-up and at the time of 
disease progression did not reveal a clinically significant 
decline either [67].

Prospective studies evaluating HRQoL using the EORTC 
QLQ-C30 questionnaire in mixed cohorts, including patients 
with lmCRC, have reported similar findings. These studies 
conducted in Europe and France showed that Y-90 TARE 
did not significantly impact the patients’ HRQoL [75, 76]. 
This suggests that Y-90 TARE treatment is generally well-
tolerated and does not substantially deteriorate HRQoL in 
patients with lmCRC.

Acknowledgements  We thank Abimbola O. Williams for reviewing 
and editing the final English version of this paper.

Author contributions  All authors contributed to the conception and 
design of the study. All authors participated in the writing of the first 
draft of the manuscript, commented on the subsequent drafts and 
approved the final version of the manuscript.

Funding  This work was supported by Boston Scientific. The economic 
support has not interfered with the development of this project.

Data availability  Not applicable.

Declarations 

Conflicts of interest  The authors of the expert panel EGF, NZ, PPM, 
BGA, JRR, ETI, PN and ARF declare that they have no conflict of in-
terest related to this project. EGF has been a speaker for TheraSphere. 
NEC and MAC are employees of Pharmacoeconomics and Outcomes 
Research Iberia (PORIB), a consultancy specializing in the economic 
evaluation of health interventions, which has received financial sup-
port from Boston Scientific in relation to the development of this re-
search and writing of this document.

Disclaimer of recommendations  The expert panel provides these rec-
ommendations to assist professionals in clinical decision-making. Since 
there is a continuous updating of the treatments, it cannot be assured 
that the information contained in this document is complete. This 
guide provides information that is not intended to replace the clinical 
judgements of health professionals due to individual variability among 
patients. Therefore, the use of this information is voluntary.

Ethics approval  Not applicable.

Consent to participate  Not applicable.

Consent for publication  Not applicable.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

http://creativecommons.org/licenses/by/4.0/


861Clinical and Translational Oncology (2024) 26:851–863	

1 3

References

	 1.	 Sociedad Española de Oncología Médica (SEOM). Las cifras 
del cáncer en España 2023. 2023. https://​seom.​org/​images/​Las_​
cifras_​del_​Cancer_​en_​Espana_​2023.​pdf . Accessed February 23, 
2023.

	 2.	 NICE. Selective internal radiation therapy for unresectable colo-
rectal metastases in the liver. Interv Proced Guid 2020. https://​
www.​nice.​org.​uk/​guida​nce/​ipg672. Accessed September 19, 2022.

	 3.	 Weber M, Lam M, Chiesa C, Konijnenberg M, Cremonesi M, 
Flamen P, et al. EANM procedure guideline for the treatment of 
liver cancer and liver metastases with intra-arterial radioactive 
compounds. Eur J Nucl Med Mol Imaging. 2022;49:1682–99. 
https://​doi.​org/​10.​1007/​s00259-​021-​05600-z.

	 4.	 Entezari P, Gabr A, Salem R, Lewandowski RJ. Yttrium-90 
for colorectal liver metastasis—the promising role of radia-
tion segmentectomy as an alternative local cure. Int J Hyperth 
Off J Eur Soc Hyperthermic Oncol North Am Hyperth Group. 
2022;39:620–6. https://​doi.​org/​10.​1080/​02656​736.​2021.​19332​15.

	 5.	 Cervantes A, Adam R, Roselló S, Arnold D, Normanno N, Taïeb J, 
et al. Metastatic colorectal cancer: ESMO clinical practice guide-
line for diagnosis, treatment and follow-up. Ann Oncol Off J Eur 
Soc Med Oncol. 2022;S0923–7534(22):04192–8. https://​doi.​org/​
10.​1016/j.​annonc.​2022.​10.​003.

	 6.	 Benson AB, Venook AP, Al-Hawary MM, Azad N, Chen Y-J, 
Ciombor KK, et al. Colon Cancer, Version 1.2022, NCCN Clinical 
Practice Guidelines in Oncology. National Comprehensive Cancer 
Network. 2022.

	 7.	 Vera R, González-Flores E, Rubio C, Urbano J, Valero Camps 
M, Ciampi-Dopazo JJ, et al. Multidisciplinary management of 
liver metastases in patients with colorectal cancer: a consensus of 
SEOM, AEC, SEOR, SERVEI, and SEMNIM. Clin Transl Oncol 
Off Publ Fed Span Oncol Soc Natl Cancer Inst Mex. 2020;22:647–
62. https://​doi.​org/​10.​1007/​s12094-​019-​02182-z.

	 8.	 Gómez-España MA, Gallego J, González-Flores E, Maurel J, Páez 
D, Sastre J, et al. SEOM clinical guidelines for diagnosis and treat-
ment of metastatic colorectal cancer (2018). Clin Transl Oncol Off 
Publ Fed Span Oncol Soc Natl Cancer Inst Mex. 2019;21:46–54. 
https://​doi.​org/​10.​1007/​s12094-​018-​02002-w.

	 9.	 Chiesa C, Sjogreen-Gleisner K, Walrand S, Strigari L, Flux G, 
Gear J, et al. EANM dosimetry committee series on standard 
operational procedures: a unified methodology for 99mTc-MAA 
pre- and 90Y peri-therapy dosimetry in liver radioembolization 
with 90Y microspheres. EJNMMI Phys. 2021;8:77. https://​doi.​
org/​10.​1186/​s40658-​021-​00394-3.

	10.	 Triviño-Ibáñez EM, Pardo Moreno P, Ciampi Dopazo JJ, Ramos-
Font C, Ruiz Villaverde G, González-Flores E, et al. Biomarkers 
associated with survival and favourable outcome of radioemboli-
zation with yttrium-90 glass microspheres for colon cancer liver 
metastases: single centre experience. Rev Espanola Med Nucl E 
Imagen Mol. 2021;14:231–8. https://​doi.​org/​10.​1016/j.​remn.​2021.​
05.​004.

	11.	 Torres-Jiménez J, Esteban-Villarrubia J, Ferreiro-Monteagudo 
R, Carrato A. Local treatments in the unresectable patient with 
colorectal cancer metastasis: a review from the point of view of 
the medical oncologist. Cancers. 2021;13:5938. https://​doi.​org/​
10.​3390/​cance​rs132​35938.

	12.	 Moran V, Prieto E, Sancho L, Rodriguez-Fraile M, Marti-Cli-
ment JM. Radioembolizacion Hepatica con microesferas de 90Y: 
aspectos metodológicos y dosimétricos. Rev Fís Méd 2019;20(1). 
https://​revis​tadef​isica​medica.​es/​index.​php/​rfm/​artic​le/​view/​295. 
Accessed 2 June 2022.

	13.	 Rodríguez-Fraile M, Iñarrairaegui M. Radioembolización de 
tumores hepáticos con 90Y-microesferas. Rev Esp Med Nucl E 

Imagen Mol. 2015;34:244–57. https://​doi.​org/​10.​1016/j.​remn.​
2015.​03.​004.

	14.	 Lam MGEH, Abdelmaksoud MHK, Chang DT, Eclov NC, Chung 
MP, Koong AC, et al. Safety of 90Y radioembolization in patients 
who have undergone previous external beam radiation therapy. 
Int J Radiat Oncol Biol Phys. 2013;87:323–9. https://​doi.​org/​10.​
1016/j.​ijrobp.​2013.​05.​041.

	15.	 Helmberger T, Golfieri R, Pech M, Pfammatter T, Arnold D, 
Cianni R, et al. Clinical application of trans-arterial radioem-
bolization in hepatic malignancies in Europe: first results from 
the prospective multicentre observational study CIRSE registry 
for SIR-spheres therapy (CIRT). Cardiovasc Intervent Radiol. 
2021;44:21–35. https://​doi.​org/​10.​1007/​s00270-​020-​02642-y.

	16.	 van Hazel GA, Heinemann V, Sharma NK, Findlay MPN, Ricke 
J, Peeters M, et al. SIRFLOX: randomized phase III trial compar-
ing first-line mFOLFOX6 (plus or minus bevacizumab) versus 
mFOLFOX6 (plus or minus bevacizumab) plus selective internal 
radiation therapy in patients with metastatic colorectal cancer. J 
Clin Oncol Off J Am Soc Clin Oncol. 2016;34:1723–31. https://​
doi.​org/​10.​1200/​JCO.​2015.​66.​1181.

	17.	 Dutton SJ, Kenealy N, Love SB, Wasan HS, Sharma RA, FOX-
FIRE Protocol Development Group and the NCRI Colorectal 
Clinical Study Group. FOXFIRE protocol: an open-label, ran-
domised, phase III trial of 5-fluorouracil, oxaliplatin and folinic 
acid (OxMdG) with or without interventional selective internal 
radiation therapy (SIRT) as first-line treatment for patients with 
unresectable liver-only or liver-dominant metastatic colorec-
tal cancer. BMC Cancer. 2014;14:497. https://​doi.​org/​10.​1186/​
1471-​2407-​14-​497.

	18.	 van Roekel C, Jongen JMJ, Smits MLJ, Elias SG, Koopman M, 
Kranenburg O, et al. Mode of progression after radioembolization 
in patients with colorectal cancer liver metastases. EJNMMI Res. 
2020;10:107. https://​doi.​org/​10.​1186/​s13550-​020-​00697-z.

	19.	 Frankema-Mourer J, Heymans J. Standpunt Yttrium-90 radioem-
bolisatie bij colorectale levermetastasen Zorginstituut Nederland. 
2016 n.d. https://​www.​zorgi​nstit​uutne​derla​nd.​nl/​publi​caties/​stand​
punten/​2016/​02/​18/​stand​punt-​yttri​um-​90-​radio​embol​isatie-​bij-​
color​ectale-​lever​metas​tasen. Accessed September 26, 2022.

	20.	 Mulcahy MF, Mahvash A, Pracht M, Montazeri AH, Bandula S, 
Martin RCG, et al. radioembolization with chemotherapy for colo-
rectal liver metastases: a randomized, open-label, international, 
multicenter, phase III trial. J Clin Oncol Off J Am Soc Clin Oncol. 
2021;39:3897–907. https://​doi.​org/​10.​1200/​JCO.​21.​01839.

	21.	 Chauhan N, Mulcahy MF, Salem R, Benson Iii AB, Boucher E, 
Bukovcan J, et al. TheraSphere yttrium-90 glass microspheres 
combined with chemotherapy versus chemotherapy alone in 
second-line treatment of patients with metastatic colorectal car-
cinoma of the liver: protocol for the EPOCH Phase 3 randomized 
clinical trial. JMIR Res Protoc. 2019;8: e11545. https://​doi.​org/​
10.​2196/​11545.

	22.	 Lahti SJ, Xing M, Zhang D, Lee JJ, Magnetta MJ, Kim HS. 
KRAS status as an independent prognostic factor for survival 
after yttrium-90 radioembolization therapy for unresectable 
colorectal cancer liver metastases. J Vasc Interv Radiol JVIR. 
2015;26:1102–11. https://​doi.​org/​10.​1016/j.​jvir.​2015.​05.​032.

	23.	 Magnetta MJ, Ghodadra A, Lahti SJ, Xing M, Zhang D, Kim 
HS. Connecting cancer biology and clinical outcomes to imaging 
in KRAS mutant and wild-type colorectal cancer liver tumors 
following selective internal radiation therapy with yttrium-90. 
Abdom Radiol N Y. 2017;42:451–9. https://​doi.​org/​10.​1007/​
s00261-​016-​0875-8.

	24.	 Kurilova I, Beets-Tan RGH, Flynn J, Gönen M, Ulaner G, Petre 
EN, et al. Factors affecting oncologic outcomes of 90Y radioem-
bolization of heavily pre-treated patients with colon cancer liver 
metastases. Clin Colorectal Cancer. 2019;18:8–18. https://​doi.​org/​
10.​1016/j.​clcc.​2018.​08.​004.

https://seom.org/images/Las_cifras_del_Cancer_en_Espana_2023.pdf
https://seom.org/images/Las_cifras_del_Cancer_en_Espana_2023.pdf
https://www.nice.org.uk/guidance/ipg672
https://www.nice.org.uk/guidance/ipg672
https://doi.org/10.1007/s00259-021-05600-z
https://doi.org/10.1080/02656736.2021.1933215
https://doi.org/10.1016/j.annonc.2022.10.003
https://doi.org/10.1016/j.annonc.2022.10.003
https://doi.org/10.1007/s12094-019-02182-z
https://doi.org/10.1007/s12094-018-02002-w
https://doi.org/10.1186/s40658-021-00394-3
https://doi.org/10.1186/s40658-021-00394-3
https://doi.org/10.1016/j.remn.2021.05.004
https://doi.org/10.1016/j.remn.2021.05.004
https://doi.org/10.3390/cancers13235938
https://doi.org/10.3390/cancers13235938
https://revistadefisicamedica.es/index.php/rfm/article/view/295
https://doi.org/10.1016/j.remn.2015.03.004
https://doi.org/10.1016/j.remn.2015.03.004
https://doi.org/10.1016/j.ijrobp.2013.05.041
https://doi.org/10.1016/j.ijrobp.2013.05.041
https://doi.org/10.1007/s00270-020-02642-y
https://doi.org/10.1200/JCO.2015.66.1181
https://doi.org/10.1200/JCO.2015.66.1181
https://doi.org/10.1186/1471-2407-14-497
https://doi.org/10.1186/1471-2407-14-497
https://doi.org/10.1186/s13550-020-00697-z
https://www.zorginstituutnederland.nl/publicaties/standpunten/2016/02/18/standpunt-yttrium-90-radioembolisatie-bij-colorectale-levermetastasen
https://www.zorginstituutnederland.nl/publicaties/standpunten/2016/02/18/standpunt-yttrium-90-radioembolisatie-bij-colorectale-levermetastasen
https://www.zorginstituutnederland.nl/publicaties/standpunten/2016/02/18/standpunt-yttrium-90-radioembolisatie-bij-colorectale-levermetastasen
https://doi.org/10.1200/JCO.21.01839
https://doi.org/10.2196/11545
https://doi.org/10.2196/11545
https://doi.org/10.1016/j.jvir.2015.05.032
https://doi.org/10.1007/s00261-016-0875-8
https://doi.org/10.1007/s00261-016-0875-8
https://doi.org/10.1016/j.clcc.2018.08.004
https://doi.org/10.1016/j.clcc.2018.08.004


862	 Clinical and Translational Oncology (2024) 26:851–863

1 3

	25.	 Damm R, Seidensticker R, Ulrich G, Breier L, Steffen IG, Sei-
densticker M, et al. Y90 radioembolization in chemo-refractory 
metastastic, liver dominant colorectal cancer patients: outcome 
assessment applying a predictive scoring system. BMC Cancer. 
2016;16:509. https://​doi.​org/​10.​1186/​s12885-​016-​2549-x.

	26.	 Fendler WP, Philippe Tiega DB, Ilhan H, Paprottka PM, Heine-
mann V, Jakobs TF, et al. Validation of several SUV-based param-
eters derived from 18F-FDG PET for prediction of survival after 
SIRT of hepatic metastases from colorectal cancer. J Nucl Med 
Off Publ Soc Nucl Med. 2013;54:1202–8. https://​doi.​org/​10.​2967/​
jnumed.​112.​116426.

	27.	 Kennedy AS, McNeillie P, Dezarn WA, Nutting C, Sangro B, 
Wertman D, et al. Treatment parameters and outcome in 680 
treatments of internal radiation with resin 90Y-microspheres 
for unresectable hepatic tumors. Int J Radiat Oncol Biol Phys. 
2009;74:1494–500. https://​doi.​org/​10.​1016/j.​ijrobp.​2008.​10.​005.

	28.	 Salem R, Padia SA, Lam M, Bell J, Chiesa C, Fowers K, et al. 
Clinical and dosimetric considerations for Y90: recommendations 
from an international multidisciplinary working group. Eur J Nucl 
Med Mol Imaging. 2019;46:1695–704. https://​doi.​org/​10.​1007/​
s00259-​019-​04340-5.

	29.	 Rodríguez-Fraile M, Cózar-Santiago MP, Sabaté-Llobera A, 
Caresia-Aróztegui AP, Delgado Bolton RC, Orcajo-Rincon J, 
et al. FDG PET/TC en el cáncer colorrectal. Rev Esp Med Nucl E 
Imagen Mol. 2020;39:57–66. https://​doi.​org/​10.​1016/j.​remn.​2019.​
09.​009.

	30.	 Fowler KJ, Maughan NM, Laforest R, Saad NE, Sharma A, Olsen 
J, et al. PET/MRI of hepatic 90Y microsphere deposition deter-
mines individual tumor response. Cardiovasc Intervent Radiol. 
2016;39:855–64. https://​doi.​org/​10.​1007/​s00270-​015-​1285-y.

	31.	 Garlipp B, Gibbs P, Van Hazel GA, Jeyarajah R, Martin RCG, 
Bruns CJ, et al. Secondary technical resectability of colorectal 
cancer liver metastases after chemotherapy with or without selec-
tive internal radiotherapy in the randomized SIRFLOX trial. Br J 
Surg. 2019;106:1837–46. https://​doi.​org/​10.​1002/​bjs.​11283.

	32.	 Pawlik TM, Choti MA. Surgical therapy for colorectal metastases 
to the liver. J Gastrointest Surg Off J Soc Surg Aliment Tract. 
2007;11:1057–77. https://​doi.​org/​10.​1007/​s11605-​006-​0061-3.

	33.	 Wasan HS, Gibbs P, Sharma NK, Taieb J, Heinemann V, Ricke J, 
et al. First-line selective internal radiotherapy plus chemotherapy 
versus chemotherapy alone in patients with liver metastases from 
colorectal cancer (FOXFIRE, SIRFLOX, and FOXFIRE-Global): 
a combined analysis of three multicentre, randomised, phase 3 
trials. Lancet Oncol. 2017;18:1159–71. https://​doi.​org/​10.​1016/​
S1470-​2045(17)​30457-6.

	34.	 Saxena A, Meteling B, Kapoor J, Golani S, Morris DL, Bester 
L. Is yttrium-90 radioembolization a viable treatment option for 
unresectable, chemorefractory colorectal cancer liver metastases? 
A large single-center experience of 302 patients. Ann Surg Oncol. 
2015;22:794–802. https://​doi.​org/​10.​1245/​s10434-​014-​4164-x.

	35.	 Kennedy A, Cohn M, Coldwell DM, Drooz A, Ehrenwald E, Kai-
ser A, et al. Updated survival outcomes and analysis of long-term 
survivors from the MORE study on safety and efficacy of radi-
oembolization in patients with unresectable colorectal cancer liver 
metastases. J Gastrointest Oncol. 2017;8:614–24. https://​doi.​org/​
10.​21037/​jgo.​2017.​03.​10.

	36.	 Lewandowski RJ, Memon K, Mulcahy MF, Hickey R, Marshall K, 
Williams M, et al. Twelve-year experience of radioembolization 
for colorectal hepatic metastases in 214 patients: survival by era 
and chemotherapy. Eur J Nucl Med Mol Imaging. 2014;41:1861–
9. https://​doi.​org/​10.​1007/​s00259-​014-​2799-2.

	37.	 Hickey R, Lewandowski RJ, Prudhomme T, Ehrenwald E, Bai-
gorri B, Critchfield J, et al. 90Y radioembolization of colorectal 
hepatic metastases using glass microspheres: safety and survival 
outcomes from a 531-patient multicenter study. J Nucl Med Off 

Publ Soc Nucl Med. 2016;57:665–71. https://​doi.​org/​10.​2967/​
jnumed.​115.​166082.

	38.	 Jakobs TF, Paprottka KJ, Raeßler F, Strobl F, Lehner S, Ilhan 
H, et al. Robust evidence for long-term survival with 90Y radi-
oembolization in chemorefractory liver-predominant metastatic 
colorectal cancer. Eur Radiol. 2017;27:113–9. https://​doi.​org/​10.​
1007/​s00330-​016-​4345-z.

	39.	 Saxena A, Bester L, Shan L, Perera M, Gibbs P, Meteling B, et al. 
A systematic review on the safety and efficacy of yttrium-90 radi-
oembolization for unresectable, chemorefractory colorectal can-
cer liver metastases. J Cancer Res Clin Oncol. 2014;140:537–47. 
https://​doi.​org/​10.​1007/​s00432-​013-​1564-4.

	40.	 Rosenbaum CENM, Verkooijen HM, Lam MGEH, Smits MLJ, 
Koopman M, van Seeters T, et al. Radioembolization for treat-
ment of salvage patients with colorectal cancer liver metasta-
ses: a systematic review. J Nucl Med Off Publ Soc Nucl Med. 
2013;54:1890–5. https://​doi.​org/​10.​2967/​jnumed.​113.​119545.

	41.	 Hendlisz A, Van den Eynde M, Peeters M, Maleux G, Lam-
bert B, Vannoote J, et al. Phase III trial comparing protracted 
intravenous fluorouracil infusion alone or with yttrium-90 resin 
microspheres radioembolization for liver-limited metastatic 
colorectal cancer refractory to standard chemotherapy. J Clin 
Oncol Off J Am Soc Clin Oncol. 2010;28:3687–94. https://​doi.​
org/​10.​1200/​JCO.​2010.​28.​5643.

	42.	 Mafeld S, Littler P, Hayhurst H, Manas D, Jackson R, Moir J, 
et al. Liver resection after selective internal radiation therapy 
with yttrium-90: safety and outcomes. J Gastrointest Cancer. 
2020;51:152–8. https://​doi.​org/​10.​1007/​s12029-​019-​00221-0.

	43.	 Berry DP. Liver resection post-selective internal radiation ther-
apy—an overview. Eur J Cancer Suppl. 2012;10:36–8. https://​
doi.​org/​10.​1016/​S1359-​6349(12)​70039-3.

	44.	 Alsultan AA, van Roekel C, Barentsz MW, Smits MLJ, Kunnen 
B, Koopman M, et al. Dose-response and dose-toxicity rela-
tionships for glass 90Y radioembolization in patients with liver 
metastases from colorectal cancer. J Nucl Med Off Publ Soc 
Nucl Med. 2021;62:1616–23. https://​doi.​org/​10.​2967/​jnumed.​
120.​255745.

	45.	 Dewaraja YK, Devasia T, Kaza RK, Mikell JK, Owen D, Rober-
son PL, et al. Prediction of tumor control in 90Y radioemboliza-
tion by logit models with PET/CT-based dose metrics. J Nucl Med 
Off Publ Soc Nucl Med. 2020;61:104–11. https://​doi.​org/​10.​2967/​
jnumed.​119.​226472.

	46.	 Ricke J, Klümpen HJ, Amthauer H, Bargellini I, Bartenstein P, 
de Toni EN, et al. Impact of combined selective internal radia-
tion therapy and sorafenib on survival in advanced hepatocellular 
carcinoma. J Hepatol. 2019;71:1164–74. https://​doi.​org/​10.​1016/j.​
jhep.​2019.​08.​006.

	47.	 Cercek A, Gendel V, Jabbour S, Moore D, Chen C, Nosher J, et al. 
A comparison of yttrium-90 microsphere radioembolization to 
hepatic arterial infusional chemotherapy for patients with chemo-
refractory hepatic colorectal metastases. Curr Treat Options 
Oncol. 2017;18:42. https://​doi.​org/​10.​1007/​s11864-​017-​0481-1.

	48.	 Schindler P, Masthoff M, Harders F, Schmidt HH, Stegger L, 
Pascher A, et al. Efficacy of 90Y-radioembolization in metastatic 
colorectal cancer depending on the primary tumor side. Dig Dis 
Basel Switz. 2021;39:351–7. https://​doi.​org/​10.​1159/​00051​2744.

	49.	 Sofocleous CT, Boas FE. Radiation segmentectomy for 
hepatocellular carcinoma: ready for prime time? Radiology. 
2018;287:1059–60. https://​doi.​org/​10.​1148/​radiol.​20181​80163.

	50.	 Meiers C, Taylor A, Geller B, Toskich B. Safety and initial effi-
cacy of radiation segmentectomy for the treatment of hepatic 
metastases. J Gastrointest Oncol. 2018;9:311–5. https://​doi.​org/​
10.​21037/​jgo.​2017.​11.​02.

	51.	 Padia SA, Johnson GE, Agopian VG, DiNorcia J, Srinivasa RN, 
Sayre J, et al. Yttrium-90 radiation segmentectomy for hepatic 

https://doi.org/10.1186/s12885-016-2549-x
https://doi.org/10.2967/jnumed.112.116426
https://doi.org/10.2967/jnumed.112.116426
https://doi.org/10.1016/j.ijrobp.2008.10.005
https://doi.org/10.1007/s00259-019-04340-5
https://doi.org/10.1007/s00259-019-04340-5
https://doi.org/10.1016/j.remn.2019.09.009
https://doi.org/10.1016/j.remn.2019.09.009
https://doi.org/10.1007/s00270-015-1285-y
https://doi.org/10.1002/bjs.11283
https://doi.org/10.1007/s11605-006-0061-3
https://doi.org/10.1016/S1470-2045(17)30457-6
https://doi.org/10.1016/S1470-2045(17)30457-6
https://doi.org/10.1245/s10434-014-4164-x
https://doi.org/10.21037/jgo.2017.03.10
https://doi.org/10.21037/jgo.2017.03.10
https://doi.org/10.1007/s00259-014-2799-2
https://doi.org/10.2967/jnumed.115.166082
https://doi.org/10.2967/jnumed.115.166082
https://doi.org/10.1007/s00330-016-4345-z
https://doi.org/10.1007/s00330-016-4345-z
https://doi.org/10.1007/s00432-013-1564-4
https://doi.org/10.2967/jnumed.113.119545
https://doi.org/10.1200/JCO.2010.28.5643
https://doi.org/10.1200/JCO.2010.28.5643
https://doi.org/10.1007/s12029-019-00221-0
https://doi.org/10.1016/S1359-6349(12)70039-3
https://doi.org/10.1016/S1359-6349(12)70039-3
https://doi.org/10.2967/jnumed.120.255745
https://doi.org/10.2967/jnumed.120.255745
https://doi.org/10.2967/jnumed.119.226472
https://doi.org/10.2967/jnumed.119.226472
https://doi.org/10.1016/j.jhep.2019.08.006
https://doi.org/10.1016/j.jhep.2019.08.006
https://doi.org/10.1007/s11864-017-0481-1
https://doi.org/10.1159/000512744
https://doi.org/10.1148/radiol.2018180163
https://doi.org/10.21037/jgo.2017.11.02
https://doi.org/10.21037/jgo.2017.11.02


863Clinical and Translational Oncology (2024) 26:851–863	

1 3

metastases: a multi-institutional study of safety and efficacy. J 
Surg Oncol. 2021;123:172–8. https://​doi.​org/​10.​1002/​jso.​26223.

	52.	 Kurilova I, Bendet A, Fung EK, Petre EN, Humm JL, Boas FE, 
et al. Radiation segmentectomy of hepatic metastases with Y-90 
glass microspheres. Abdom Radiol N Y. 2021;46:3428–36. https://​
doi.​org/​10.​1007/​s00261-​021-​02956-6.

	53.	 Levillain H, Bagni O, Deroose CM, Dieudonné A, Gnesin S, 
Grosser OS, et al. International recommendations for personal-
ised selective internal radiation therapy of primary and metastatic 
liver diseases with yttrium-90 resin microspheres. Eur J Nucl 
Med Mol Imaging. 2021;48:1570–84. https://​doi.​org/​10.​1007/​
s00259-​020-​05163-5.

	54.	 Garin E, Rolland Y, Edeline J, Icard N, Lenoir L, Laffont S, et al. 
Personalized dosimetry with intensification using 90Y-loaded glass 
microsphere radioembolization induces prolonged overall survival 
in hepatocellular carcinoma patients with portal vein thrombosis. J 
Nucl Med. 2015;56:339–46. https://​doi.​org/​10.​2967/​jnumed.​114.​
145177.

	55.	 Pellegrinelli J, Chevallier O, Manfredi S, Dygai-Cochet I, 
Tabouret-Viaud C, Nodari G, et al. Transarterial radioemboliza-
tion of hepatocellular carcinoma, liver-dominant hepatic colorec-
tal cancer metastases, and cholangiocarcinoma using yttrium90 
microspheres: eight-year single-center real-life experience. Diagn 
Basel Switz. 2021;11:122. https://​doi.​org/​10.​3390/​diagn​ostic​
s1101​0122.

	56.	 Srinivas SM, Nasr EC, Kunam VK, Bullen JA, Purysko AS. 
Administered activity and outcomes of glass versus resin (90)Y 
microsphere radioembolization in patients with colorectal liver 
metastases. J Gastrointest Oncol. 2016;7:530–9. https://​doi.​org/​
10.​21037/​jgo.​2016.​03.​09.

	57.	 Dunfee BL, Riaz A, Lewandowski RJ, Ibrahim S, Mulcahy MF, 
Ryu RK, et al. Yttrium-90 radioembolization for liver malignan-
cies: prognostic factors associated with survival. J Vasc Interv 
Radiol JVIR. 2010;21:90–5. https://​doi.​org/​10.​1016/j.​jvir.​2009.​
09.​011.

	58.	 Sato KT, Lewandowski RJ, Mulcahy MF, Atassi B, Ryu RK, 
Gates VL, et al. Unresectable chemorefractory liver metastases: 
radioembolization with 90Y microspheres—safety, efficacy, and 
survival. Radiology. 2008;247:507–15. https://​doi.​org/​10.​1148/​
radiol.​24720​62029.

	59.	 Elsayed M, Ermentrout RM, Sethi I, Bercu ZL, Galt JR, Whitmore 
M, et al. Incidence of radioembolization-induced liver disease and 
liver toxicity following repeat 90Y-radioembolization: outcomes 
at a large tertiary care center. Clin Nucl Med. 2020;45:100–4. 
https://​doi.​org/​10.​1097/​RLU.​00000​00000​002828.

	60.	 Young JY, Rhee TK, Atassi B, Gates VL, Kulik L, Mulcahy MF, 
et al. Radiation dose limits and liver toxicities resulting from mul-
tiple yttrium-90 radioembolization treatments for hepatocellular 
carcinoma. J Vasc Interv Radiol JVIR. 2007;18:1375–82. https://​
doi.​org/​10.​1016/j.​jvir.​2007.​07.​016.

	61.	 Sangro B, Gil-Alzugaray B, Rodriguez J, Sola I, Martinez-Cuesta 
A, Viudez A, et al. Liver disease induced by radioembolization 
of liver tumors: description and possible risk factors. Cancer. 
2008;112:1538–46. https://​doi.​org/​10.​1002/​cncr.​23339.

	62.	 Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, 
Ford R, et al. New response evaluation criteria in solid tumours: 
revised RECIST guideline (version 1.1). Eur J Cancer Oxf Engl 
1990. 2009;45:228–47. https://​doi.​org/​10.​1016/j.​ejca.​2008.​10.​
026.

	63.	 Shady W, Sotirchos VS, Do RK, Pandit-Taskar N, Carrasquillo 
JA, Gonen M, et al. Surrogate imaging biomarkers of response 
of colorectal liver metastases after salvage radioembolization 
using 90Y-loaded resin microspheres. AJR Am J Roentgenol. 
2016;207:661–70. https://​doi.​org/​10.​2214/​AJR.​15.​15202.

	64.	 Shady W, Kishore S, Gavane S, Do RK, Osborne JR, Ulaner 
GA, et al. Metabolic tumor volume and total lesion glycolysis on 

FDG-PET/CT can predict overall survival after (90)Y radioem-
bolization of colorectal liver metastases: a comparison with SUV-
max, SUVpeak, and RECIST 1.0. Eur J Radiol. 2016;85:1224–31. 
https://​doi.​org/​10.​1016/j.​ejrad.​2016.​03.​029.

	65.	 Roosen J, Klaassen NJM, Westlund Gotby LEL, Overduin CG, 
Verheij M, Konijnenberg MW, et al. To 1000 Gy and back again: 
a systematic review on dose-response evaluation in selective inter-
nal radiation therapy for primary and secondary liver cancer. Eur 
J Nucl Med Mol Imaging. 2021;48:3776–90. https://​doi.​org/​10.​
1007/​s00259-​021-​05340-0.

	66.	 Jongen JMJ, Rosenbaum CENM, Braat MNGJA, van den Bosch 
MAAJ, Sze DY, Kranenburg O, et al. Anatomic versus metabolic 
tumor response assessment after radioembolization treatment. 
J Vasc Interv Radiol JVIR. 2018;29:244–53. https://​doi.​org/​10.​
1016/j.​jvir.​2017.​09.​024.

	67.	 Wolstenholme J, Fusco F, Gray AM, Moschandreas J, Virdee PS, 
Love S, et al. Quality of life in the FOXFIRE, SIRFLOX and 
FOXFIRE-global randomised trials of selective internal radiother-
apy for metastatic colorectal cancer. Int J Cancer. 2020;147:1078–
85. https://​doi.​org/​10.​1002/​ijc.​32828.

	68.	 Shaw JW, Johnson JA, Coons SJ. US valuation of the EQ-5D 
health states: development and testing of the D1 valuation model. 
Med Care. 2005;43:203–20.

	69.	 Marriott E-R, van Hazel G, Gibbs P, Hatswell AJ. Mapping 
EORTC-QLQ-C30 to EQ-5D-3L in patients with colorectal can-
cer. J Med Econ. 2017;20:193–9. https://​doi.​org/​10.​1080/​13696​
998.​2016.​12417​88.

	70.	 Fayers P, Bottomley A, EORTC Quality of Life Group, Quality of 
Life Unit. Quality of life research within the EORTC-the EORTC 
QLQ-C30. European organisation for research and treatment 
of cancer. Eur J Cancer Oxf Engl. 2002;38(Suppl 4):S125–33. 
https://​doi.​org/​10.​1016/​s0959-​8049(01)​00448-8.

	71.	 Kavadas V, Blazeby JM, Conroy T, Sezer O, Holzner B, Koller M, 
et al. Development of an EORTC disease-specific quality of life 
questionnaire for use in patients with liver metastases from colo-
rectal cancer. Eur J Cancer Oxf Engl. 1990;2003(39):1259–63. 
https://​doi.​org/​10.​1016/​s0959-​8049(03)​00236-3.

	72.	 Ward WL, Hahn EA, Mo F, Hernandez L, Tulsky DS, Cella D. 
Reliability and validity of the functional assessment of cancer 
therapy-colorectal (FACT-C) quality of life instrument. Qual 
Life Res Int J Qual Life Asp Treat Care Rehabil. 1999;8:181–95. 
https://​doi.​org/​10.​1023/a:​10088​21826​499.

	73.	 Garin E, Pinaquy J-B, Bailly C, Sengel C, Mariano-Goulart D, 
Edeline J, et al. Evaluating the effectiveness of yttrium-90 glass 
microspheres in the treatment of hepatocellular carcinoma, intra-
hepatic cholangiocarcinoma, and metastatic colorectal cancer in 
practice: protocol for the prospective PROACTIF Phase IV Reg-
istry Study in France. Cardiovasc Intervent Radiol. 2022;45:1–11. 
https://​doi.​org/​10.​1007/​s00270-​021-​03002-0.

	74.	 FACT-Hep. FACIT Group n.d. https://​www.​facit.​org/​measu​res/​
FACT-​Hep. Accessed October 10, 2022.

	75.	 Helmberger T, Arnold D, Bilbao JI, de Jong N, Maleux G, Nordlund 
A, et al. Clinical application of radioembolization in hepatic malig-
nancies: protocol for a prospective multicenter observational study. 
JMIR Res Protoc. 2020;9: e16296. https://​doi.​org/​10.​2196/​16296.

	76.	 Loffroy R, Ronot M, Greget M, Bouvier A, Mastier C, Sengel 
C, et al. Short-term safety and quality of life outcomes follow-
ing radioembolization in primary and secondary liver tumours: 
a multi-centre analysis of 200 patients in France. Cardiovasc 
Intervent Radiol. 2021;44:36–49. https://​doi.​org/​10.​1007/​
s00270-​020-​02643-x.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1002/jso.26223
https://doi.org/10.1007/s00261-021-02956-6
https://doi.org/10.1007/s00261-021-02956-6
https://doi.org/10.1007/s00259-020-05163-5
https://doi.org/10.1007/s00259-020-05163-5
https://doi.org/10.2967/jnumed.114.145177
https://doi.org/10.2967/jnumed.114.145177
https://doi.org/10.3390/diagnostics11010122
https://doi.org/10.3390/diagnostics11010122
https://doi.org/10.21037/jgo.2016.03.09
https://doi.org/10.21037/jgo.2016.03.09
https://doi.org/10.1016/j.jvir.2009.09.011
https://doi.org/10.1016/j.jvir.2009.09.011
https://doi.org/10.1148/radiol.2472062029
https://doi.org/10.1148/radiol.2472062029
https://doi.org/10.1097/RLU.0000000000002828
https://doi.org/10.1016/j.jvir.2007.07.016
https://doi.org/10.1016/j.jvir.2007.07.016
https://doi.org/10.1002/cncr.23339
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.2214/AJR.15.15202
https://doi.org/10.1016/j.ejrad.2016.03.029
https://doi.org/10.1007/s00259-021-05340-0
https://doi.org/10.1007/s00259-021-05340-0
https://doi.org/10.1016/j.jvir.2017.09.024
https://doi.org/10.1016/j.jvir.2017.09.024
https://doi.org/10.1002/ijc.32828
https://doi.org/10.1080/13696998.2016.1241788
https://doi.org/10.1080/13696998.2016.1241788
https://doi.org/10.1016/s0959-8049(01)00448-8
https://doi.org/10.1016/s0959-8049(03)00236-3
https://doi.org/10.1023/a:1008821826499
https://doi.org/10.1007/s00270-021-03002-0
https://www.facit.org/measures/FACT-Hep
https://www.facit.org/measures/FACT-Hep
https://doi.org/10.2196/16296
https://doi.org/10.1007/s00270-020-02643-x
https://doi.org/10.1007/s00270-020-02643-x

	Recommendations for the management of yttrium-90 radioembolization in the treatment of patients with colorectal cancer liver metastases: a multidisciplinary review
	Abstract
	Purpose 
	Methods 
	Results  
	Conclusions 

	Introduction
	Methodology
	Results and discussion
	Characteristics and evaluation of the information
	Recommendations
	Question 1: Which members should be part of the multidisciplinary tumor committee (MTC) to select patients who are candidates for Y-90 TARE?
	Question 2: What are the indications for treatment with Y-90 TARE for patients with lmCRC?
	Question 3: What are the contraindications for Y-90 TARE?
	Question 4. Are there biomarkers that can predict candidate patients for Y-90 TARE treatment?
	Question 5. What are the preintervention tests with Y-90 TARE?
	Question 6. What is the evidence for Y-90 TARE treatment in lmCRC?
	Question 7. What is the standard procedure for Y-90 TARE?
	Question 8. What is the potential toxicity of Y-90 TARE, and how is it handled?
	Question 9. What parameters are used for the evaluation of Y-90 TARE response?
	Question 10. How does Y-90 TARE impact the quality of life of patients with lmCRC?


	Acknowledgements 
	References




