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Abstract: In the last years, radioembolization (RE) has emerged as a novel technique for the treatment of malig-
nant hepatic lesions using 90Y embedded in spheres, which are infused directly into the hepatic arterial circulation. 
90Y-spheres, once implanted in liver, can release a significant radiation burden to neoplastic cells with a relative 
low dose to normal parenchyma. 90Y RE results as a combination of embolization and radiation therapy, thus the 
standard radiologic follow up modalities may be not sufficiently accurate to assess tumor response to treatment. 

18Fluoro-deoxyglucose Positron Emission Tomography (18F-FDG PET) detects glucose uptake and metabolic activity in 
tumor cells. 18F-FDG PET has become a well established diagnostic tool in many oncological scenarios. Furthermore, 
PET response criteria (PERCIST) have been recently introduced to categorize the metabolic response to therapy 
of cancer patients. Several semiquantitative parameters, such as SUVmax and its changes, the Functional Tumor 
Volume and the Total Lesion Glycolysis can be useful to accurately assess tumor changes after therapy. The purpose 
of this article is to present the literature on the role of 18F-FDG PET in the evaluation of patients with primary and 
secondary liver tumors treated with 90Y RE.
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Introduction

Liver represents a site of metastatic involve-
ment in many oncological scenarios. Post mor-
tem examination demonstrated hepatic involve-
ment in 50-70% of metastases from melano-
ma, lymphoma, breast, lung and colon cancer 
[1]. Unfortunately, despite of many advances in 
diagnosis and therapy, the prognosis of both 
primary and secondary hepatic tumors remains 
poor. Surgery is often the most effective ap- 
proach, but it is not always practicable due to 
the anatomic location of lesions or the massive 
involvement at presentation. Several treat-
ments modalities both systemic and loco-
regional (ethanol injection, radiofrequency ab- 
lation, cryoablation, transarterial chemoembo-
lization) have been evaluated [2-5].

In the last years, radioembolization (RE) has 
emerged as new a technique for treatment of 
malignant hepatic lesions using 90Y embedded 

in microspheres, which are infused directly into 
the hepatic arterial circulation [6-8]. 90Y-spheres, 
once implanted in liver, can release a signifi-
cant radiation burden to neoplastic cells with a 
relative low dose to normal parenchyma due to 
the different vascularization pattern. In this 
regard, a recently published report indicates 
that the mean dose to viable tumors results of 
183.6 ± 156.5 Gy, with a mean dose to the 
parenchyma  of 97.1 ± 22.1 Gy [9].

90Y RE can be considered a combination of 
embolization and radiation therapy, thus the 
standard radiologic follow up modalities may be 
not sufficiently accurate to assess tumor re- 
sponse to treatment. In particular, morphologic 
response criteria are based on size changes or 
on the degree of tumor arterial enhancement 
after treatments. While widely used for assess-
ing response to conventional chemotherapy, 
this approach may be not suitable for evaluat-
ing hepatic malignancies after 90Y RE. The lack 
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Table 1. Summary of the main manuscripts on the use of FDG PET/CT in patients submitted to 90Y radioembolization

References Year of publication Tumor Spheres Time point of FDG PET post  
procedure evaluation Endpoint

PET as baseline scan before the procedure

    Deneecke et al. 2008 CRLM NS Not performed Define an algorithm pre RE

    Wong et al. 2010 CRLM NS Not performed Identify a parameter predictive of extrahepatic disease

    Zalom et al 2012 Mixed tumors Resin 3 mo Define if 18F-FDG PET/CT provides important information on clinical outcomes after RE

Hepatocellular carcinoma

    Kokcuk et al. 2013 HCC Resin Not performed Assess the prognostic role of 18F-FDG PET in HCC undergoing RE.

    Sabet et al. 2014 HCC Resin & Glass 4 weeks Define the role of 18F-FDG in monitoring HCC response to RE

Colorectal liver metastases

    Wong et al. 2002 CRLM Glass 3 mo Assess the role of 18F-FDG  PET in CRLM undergoing RE

    Cianni et al. 2009 CRLM Resin 3 mo Assess response though RECIST and 18F-FDG PET  

    Zerizer et al. 2012 CRLM Resin 6-8 weeks Compare PET derived parameters, RECIST and tumor density criteria 

    Tochetto et al. 2012 CRLM NS 3 mo Correlation between MDCT attenuation and SUV changes after RE 

    Gulec et al. 2011 CRLM NS 4 weeks Assess the role of TLG and FTV as prognostic indicator after RE

    Fendler et al. 2013 CRLM Resin 3 mo Validation of PET derived parameters after RE

Breast cancer liver metastases

    Coldwell et al. 2007 BCLM Resin 3 mo Assess efficacy, safety and response to RE

    Cianni et al. 2013 BCLM Resin 3 mo Assess efficacy, safety and response to RE

    Haug et al. 2012 BCLM Resin 3 mo Assess if PET and SUV changes are predictive of response to RE

Intrahepatic cholangiocarcinoma

    Haug et al. 2011 ICC Resin 3 mo Assess if PET and SUV changes are predictive of response to RE

    Mouli et al. 2’13 ICC Glass Not performed Assess efficacy, safety and response to RE

    Filippi et al. 2014 ICC Resin 6 weeks Define if changes in TLG correlate with patients’ final outcome

    Other tumors

    Klingenstein et al. 2013 Uveal Melanoma Resin 2-3 mo Evaluate safety, efficacy of RE by using 18F-FDG  PET
Abbreviations: CRLM, colorectal liver metastases; NS, not specified; HCC, hepatocellular carcinoma; BCLM, breast cancer liver metastases.
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of accuracy of standard radiology, in fact, may 
be explained by the development of necrotic, 
oedematous or hemorrhagic changes after 90Y 
RE, causing paradoxal increase of the dimen-
sions in responding lesions.

18Fluoro-deoxyglucose Positron Emission Tom- 
ography (18F-FDG PET) detects glucose uptake 
and metabolic activity in tumor cells. 18F-FDG 
PET has become a well established diagnostic 
tool in many oncological scenarios [10]. Several 
semiquantitative parameters, such as Sta- 
ndardized Uptake Value (SUV) and its changes, 
can be useful to more accurately assess tumor 
changes after therapy. Furthermore, PET res- 
ponse criteria (PERCIST) have been recently 
introduced to categorize the metabolic res- 
ponse to therapy of cancer patients [11]. 

The purpose of this review is to present the 
existing literature on the role of 18F-FDG PET in 
the evaluation of patients with primary and sec-
ondary liver tumors treated with 90Y RE (Table 
1).

Radioembolization

90Y RE is a loco-regional treatment using 90Y- 
spheres which are conveyed to the liver through 
the arteries. The rationale of this therapeutic 
approach is based on the characteristic dual 
blood supply of liver (i.e. from the hepatic artery 
and the portal vein). Portal vein supplies blood 
to the normal hepatocytes. On the contrary, 
tumoral cells receive blood mainly from the 
hepatic artery [12, 13]. Therefore, the injection 
of tumoricidal agents in the hepatic artery 
through an angiographic catheter should allow 
the preferential release of therapeutic material 
to the neoplasia. The principle of 90Y RE is, in 
fact, to selectively deliver high radiation burden 
to hepatic tumors, with low dose delivered to 
the surrounding normal parenchyma. 

Indications and contraindications

The typical indications of 90Y RE are represent-
ed by unresectable and chemotherapy-refrac-
tory primary or secondary hepatic tumors. The 
absolute contraindications are: 1) pregnancy; 
2) hepato-pulmonary shunt leading to exces-
sive lung irradiation; 3) demonstrable gastroin-
testinal deposition of 90Y-spheres. It can be rea-
sonable excluding patients with a life expectan-
cy < 3 months [14].  

Other criteria of inclusion-exclusion are: liver-
only or liver-predominant disease; age ≥ 18 
years; ability and willingness to provide written 
informed consent; Eastern Cooperative Onco-
logy Group (ECOG) performance status ≤ 2; bili-
rubin < 2.0 mg/dl, albumin >2.0 g/dl, interna-
tional normalized ratio (INR) < 1.5; creatinine < 
2.0 mg/dl; platelets ≥ 100,000/μl, Hb ≥ 9.0 g/
dl, and WBC ≥ 1,500/μl. Patients with predomi-
nant extrahepatic disease, active CNS metas-
tases, or diffuse peritoneal metastases should 
be excluded.

The procedure 

Pre-treatment angiography with selective vis-
ceral catheterization is performed in order to 
evaluate the vascular and tumor anatomy and 
blood-flow dynamics, enabling a determination 
of the optimal placement of the catheter for 
selective treatment. 99mTc-macroaggregated al- 
bumin scan is mandatory to test gastrointesti-
nal flow and estimate the percent of injected 
activity shunted to the lungs. After 7-10 days 
the patients returns for the treatment session 
performed by selective catheterization of the 
main hepatic artery by transfemoral approach, 
embolization of gastroduodenal and gastric 
artery. The infusion of 90Y microspheres is usu-
ally performed under fluoroscopic guidance via 
a microcatheter place in the right/left hepatic 
artery [15]. 

Radiopharmaceuticals

Yttrium-90 is the most routinely used radioiso-
tope for RE. It is a pure beta emitter with a half-
life of 64.2 hours. It is produced by neutron 
bombardment of Yttrium-89 in the nuclear 
reactor. It decays into the stable element Zir- 
conium-90. The range of tissue penetration of 
the emissions is 2.5 to 11 mm. There are two 
commercially available 90Y microspheres. 

TheraSphere® (MDS Nordion, Ottawa, Canada) 
consists of nonbiodegradable glass microsp-
heres, with yttrium in matrix, and have a diam-
eter of 32 ± 10 μm. Six activity vials are avail-
able differing from each other only in the num-
ber of spheres per vial e.g. 1.2 million micro-
spheres are present in a vial with an activity of 
3 Gigabecquerel (GBq). Each microsphere has 
an activity of 2500 Becquerel at the time of 
calibration [16]. 

SIR-Spheres® (Sirtex, Lane Cove, Australia) 
consist of biodegradable resin microspheres, 
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labeled with yttrium. The spheres have a diam-
eter of 22 ± 10 μm and hence are associated 
with more embolic effect. One vial of SIR-Sp- 
heres® of 3 GBq is available and contains 
40-80 million microspheres ranging from 20 to 
60 microns. SIR-Spheres® was approved by 
the FDA for metastatic colorectal cancer. Each 
microsphere has a specific activity of 50 Bq at 
the time of calibration [17].

Radiologic parameters for assessment of the 
response to radioembolization

There is limited information about the relation 
between changes in CT characteristics and pro-
gression-free and overall survival after RE. 
Furthermore, it is not well studied whether CT 
scans can provide clinically useful objective 
parameters before or after RE and whether the 
availability of these parameters may improve 
patients’ selection and treatment outcome 
after RE.

Local response to treatment is usually defined 
following the World Health Organization (WHO) 
criteria [18] as follows: 1) complete response 
(CR), complete disappearance of all known dis-
ease and no new lesions; 2) partial response 
(PR), 50% reduction in total tumor load of all 
measurable lesions; 3) stable disease (SD), 
does not qualify for CR/PR; 4) progressive dis-
ease (PD), 25% increase in size of one or more 
measurable lesions or the appearance of new 
lesions. In this scenario, Response Evaluation 
Criteria in Solid Tumor (RECIST) have been 
introduced in 2000 [19, 20]. Key points of 
RECIST are the definition of minimum size of 
measurable lesions and the number of lesions 
to be considered in follow up [20]. Four catego-
ries of response are registered: 1) CR: disap-
pearance of all target lesions; 2) PR: 30% 
decrease in the sum of the greatest dimension 
of target lesions; 3) PD: 20% increase in the 
sum of the longest diameter of target lesions; 
4) SD: small changes that do not meet above 
criteria. However, many antitumoral therapies 
may result in changes in tumor vascularization, 
cavitation, and necrosis that do not substan-
tially modify tumor size. Consequently using 
RECIST criteria to evaluate tumor response 
after treatments might be not sufficiently accu-
rate to predict patients’ outcome [21].

Other methods of evaluations are available. 
The European Association for the Study of the 

Liver (EASL) criteria recommended that assess-
ment of tumor response should be performed 
taking into account the reduction in viable 
tumor burden as recognized by non-enhancing 
areas demonstrated on dynamic CT or magnet-
ic resonance imaging studies [22]. This criteri-
on is widely used by the majority of groups 
studying HCC and a proposal to formally amend 
RECIST was published in 2010. The Modified 
RECIST criteria (mRECIST) include evaluation of 
the arterial enhancement of target lesions [23].

Salem et al. recently characterized the features 
of hepatocellular tumors in 23 patients on CT 
scans before and after RE, assessing the radio-
graphic tumor response by morphology, attenu-
ation, size, and structure (MASS) criteria, and 
determined CT features that were associated 
with better progression-free and overall surviv-
al [24]. The authors found decreased size in the 
68% of tumors, decreased attenuation in 64% 
and demonstrated increased tumor necrosis in 
48%. RECIST-defined PR was seen in 10% 
patients, SD in 80%, and PD in 10%. The au- 
thors concluded that imaging response criteria 
that account for changes in tumor morphology, 
percentage of tumor necrosis, attenuation, and 
size may be accurate to evaluate tumor res- 
ponse after 90Y RE. 

Role of 18F-FDG PET as baseline scan before 
the procedure

It is well known that 18F-FDG PET is used as a 
staging procedure in many oncological condi-
tions [25]. However, there are still few data 
addressing the potential utility of this imaging 
modality in therapy planning of patients affect-
ed by hepatic tumors treated with 90Y spheres. 

Denecke et al. evaluated 22 patients who 
sequentially underwent contrast enhanced CT, 
MRI with hepatocyte-specific contrast, angiog-
raphy with 99mTc-MAA perfusion scintigraphy 
and 18F-FDG PET [26]. The impact of each test 
on the therapy decision and 90Y RE manage-
ment was recorded. Patient evaluation using 
CT revealed contraindications for 90Y RE in 
4/22 patients (18%), while 2 were excluded 
and 3 were assigned to locally ablative treat-
ment based on MRI and PET results (28%). The 
remaining 13 patients were finally administered 
with 90Y spheres, after an accurate study of vas-
cularization and hepato-pulmunary shunt with 
99mTc-MAA. Therefore, a sequential diagnostic 
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algorithm with all these imaging procedures 
should be performed for an accurate patients’ 
selection before 90Y RE.

Wong and colleagues found a strong correla-
tion between a semiquantitave parameter (tu-
mor metabolic load index - TMLI) and the pres-
ence of extrahepatic disease in 48 patients 
affected by colorectal liver metastases before 
90Y RE [27]. The authors indentified a TMLI th- 
reshold, below which extrahepatic metastases 
are unlikely and thus may provide guidance for 
patients’ selection and stratification after th- 
erapy. 

A recent study evaluated whether the 18F-FDG 
PET can provide important information on clini-
cal outcomes in patients having undergone 90Y 
RE [28]. In a cohort of 31 patients affected by 
liver metastases from different histologies, PET 
was performed 3 months before and after the 
procedure. The authors found that patients 

with new lesions outside the liver had a signifi-
cantly shorter survival than cases without 
extrahepatic localizations. These findings are in 
agreement with the clinical experience that 
extrahepatic metastases of colorectal cancer 
can lead to an adverse outcome (Figure 1). The 
same authors did not find any association 
between the decrease of 18F-FDG uptake in 
lesions after 90Y RE and survival. 

18F-FDG PET-based parameters for assessment 
of the response to radiembolization

In routine clinical practice, PET images are 
qualitatively interpreted for tumors’ staging and 
follow up by comparing the intensity and the 
pattern of 18F-FDG uptake in potential tumor 
sites with the physiological distribution of the 
tracer [29]. Of course, qualitative interpretation 
of PET images is strictly dependent from opera-
tor’s experience. 

Figure 1. 18F-FDG PET performed before 90Y radioembolization in a 39 year-old-male patient with colorectal liver 
metastases. Maximum Intensity Projection (MIP) thick slab (A) showed intense tracer uptake in liver (right and left 
lobe) associate with 18F-FDG accumulation in rectum and lung (arrows). Fused axial images well demonstrated he-
patic lesions (B) and loco-regional relapse. Patient was considered ineligible to the procedure due to the extensive 
extra-hepatic disease.
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When small changes in tumors after treatment 
should be assessed, semiquantitative meth-
ods are mandatory. In particular, Standardized 
Uptake Value (SUV) and its modifications are 
widely used for the diagnosis and follow up in 
many oncological scenarios [30]. As soon as in 
1993 Whal et al. evaluated the response to 
chemotherapy in breast cancer by using quanti-
tative 18F-FDG PET [31]. Regarding the prognos-
tic value of PET scan, Reidl et colleagues as-
sessed the correlation between SUVmax, some 
cellular characteristics and the clinical behav-
iour of tumors: SUV max significantly correlated 
with GLUT-1, Ki-67 and p53, with a longer sur-
vival for patients with a low SUV versus those 
with a high SUV [32]. Therefore, SUV is routinely 
used to assess tumor response to therapy. 

Whal and colleagues have recently proposed 
PET-based criteria to define the metabolic re- 
sponse to treatment [11]. According to PET 
Response Criteria in Solid Tumors (PERCIST), 
patients’response is categorized as follows: 1) 
complete metabolic response (CMR), complete 
resolution of 18F-FDG uptake within the target 
lesion so that it is less than the mean liver 
activity and indistinguishable from the blood 
pool; 2) partial metabolic response (PMR), re- 
duction of a minimum of 30% in the target le- 
sions’ SUL (SUV corrected per lean body mass) 
peak; 3) Progressive Disease (PD), more than 
30% increase in the target lesions’ SUL; 4) 
Stable Metabolic Disease (SMD), no CMR, no 
PMR or PD. These criteria have been applied, 
although partially modified, in the evaluation of 
metabolic response after 90Y RE in intrahepatic 
cholangiocarcinoma and breast cancer liver 
metastases [33, 34]. 

However, PERCIST criteria are quite time-con-
suming and require proper workstation for cal-
culation and comparing the scans acquired in 
different times [35]. New criteria for metabolic 
response have been introduced by Rubello’s 
group: PET Residual Disease in Solid Tumor 
(PREDIST) [36]. According to PREDIST, com-
plete metabolic response to therapy (CMRt) is 
discriminated from residual disease by compar-
ing post-therapy 18F-FDG uptake of lesions to 
liver. To our knowledge, the PREDIST criteria 
have not been applied to assess response to 
treatment after 90Y RE. Finally, it is becoming 
more and more important in oncology to iden-
tify as early as possible patients with poor clini-
cal outcome in order to timely start adjuvant or 
palliative treatments. Total Lesion Glycolysis 

(TLG) and Functional or Metabolic Tumor Vo- 
lume (FTV or MTV) are potentially important 
parameters for studying the behavior of tumor 
[37]. 

Clinical applications in liver malignancies

Hepatocellular carcinoma

It is well known that there is no primary role for 
18F-FDG PET in hepatocellular carcinoma (HCC), 
due to its low sensitivity in the overall HCC pop-
ulation [38]. Well-differentiated HCC, in fact, 
does not present significant 18F-FDG uptake, 
while variable 18F-FDG -uptake can be observed 
in poorly-differentiated HCC [39, 40]. The larg-
est series regarding the potential usefulness of 
18F-FDG PET in HCC patients’s selection before 
90Y RE was reported by Kucuk et al [41]. Nin- 
eteen patients who received RE treatment for 
HCC were included in the study and underwent 
18F-FDG PET/CT before 90Y RE for evaluation of 
disease stage and metabolic activity of liver 
lesions. The authors found that higher SUVmax 
lesions unexpectedly had better progression 
free survival rates after 90Y RE, suggesting 90Y 
RE has a treatment advantage over other thera-
peutic options in these patients.

Sabet et al. recently assessed the feasibility of 
using 18F-FDG PET in 33 patients affected by 
HCC and treated with 90Y RE [42]. Patients were 
submitted to PET at baseline and 4 weeks after 
the procedure. According to the baseline meta-
bolic status of the HCC lesions, patients were 
divided into 2 groups: 18F-FDG -negative (n = 
12) and 18F-FDG -positive (n = 21) HCC. 18F-FDG 
-positive patients were further divided in early 
metabolic responders and non-responders in 
relationship with the SUVmax changes of the 
treated lesions. 18F-FDG -negative patients had 
a significantly longer OS than 18F-FDG -positive 
patients. Among 18F-FDG -positive patients, me- 
tabolic responders survived significantly longer 
than metabolic non-responders. Therefore, the 
authors suggested that quantitative 18F-FDG 
PET can be useful to predict survival after 90Y 
RE in HCC patients. Worthy of note, the assess-
ment of the metabolic response resulted feasi-
ble as early as 4 weeks post treatment. The 
results of the reported studies suggest that 18F-
FDG might play an important role both to strat-
ify patients before therapy and to predict final 
outcome after 90Y RE.
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Colon rectal cancer

There is a relatively consistent amount of pa- 
pers addressing the role of 18F-FDG for the 
monitoring of patients affected by colorectal 
liver metastases submitted to 90Y RE. In a 
recent review by Annunziata S. and colleagues, 
the authors searched in Pubmed/Medline us- 
ing a combination of the terms: “SIRT” or “radi-
oembolization” or “yttrium” and “positron emis-
sion tomography” or “PET” [43]. An overall num-
ber of 268 papers was found. Among these 
articles, nineteen were specifically focused on 
the role of 18F-FDG in the monitoring of colorec-
tal liver metastases after 90Y RE.

As soon as in 2002, Wong et al. reported on 8 
patients with unresectable colorectal liver me- 
tastases treated with 90Y-glass spheres [44]. At 
3 months post-treatment, the follow up imaging 
demonstrated metabolic response in 12 treat-
ed lobes, compared with CT/MRI, which showed 
an anatomic response in only 2 lobes. Serum 
CEA levels decreased, correlating with PET find-
ings. The authors concluded that PET can be an 
accurate indicator of treatment response.  

Cianni and co-workers assessed the response 
to 90Y RE in 41 patients with colorectal liver 
metastases by following RECIST criteria and 
18F-FDG PET examinations [45]. They found CR 
in 2 patients, PR in 17, SD in 14 patients and 
PD in 8 subjects. However, PET parameters, 
such decrease in SUVmax, were not taken into 
account nor correlated with the overall 
survival.  

As regards the role of 18F-FDG respect to the 
RECIST criteria, Zerizer et al. evaluated 25 
patients (for a total of 121 liver lesions from 
colorectal cancer) by 18F-FDG PET and contrast-
enhanced CT before and 6-8 weeks after 90Y RE 
[46]. According to PET, 15 patients had PR and 
10 SD, while following RECIST only 2 PR were 
found and the remaining 23 showed SD. Fur- 
thermore, 18F-FDG decrease in hepatic lesions 
correlated with the decrease in tumor markers 
and significantly predicted progression free 
survival. The authors suggested 18F-FDG PET 
as mandatory imaging modality in the follow up 
of liver tumors after 90Y RE, further demonstrat-
ing that an assessment of metabolic tumor 
response can be feasible at 6 weeks post 
procedure. 

In 2012, Tochetto’s group investigated the rela-
tionship between several contrast ehanced CT- 
based parameters, such as tumor attenuation 
and tumor size, and the volume-weighted SUV 
at 18F-FDG PET [47]. Patients with colorectal 
liver metastases were evaluated at baseline 
and 3 months after 90Y RE. In agreement with 
previously cited papers, 18F-FDG PET identified 
a greater percentage of response when com-
pared to CT and RECIST criteria. Furthermore, a 
strict correlation was found between 18F-FDG 
uptake in lesions and the response based on 
CT-attenuation criteria, thus suggesting that 
early changes in the attenuation of colorectal 
liver metastases after 90Y RE may be predictive 
of future response at 18F-FDG PET.

Novel PET-derived parameters have emerged 
as powerful prognostic tool in cancer patients’ 
follow up. In particular, the assessment using 
18F-FDG PET of the so-called Metabolic Tumor 
Volume (MTV) or Functional Tumor Volume 
(FTV) proved of interest for both target volume 
definition in radiotherapy and monitoring res- 
ponse to therapy [48, 49]. Beside FVT, another 
metabolic-volumetric parameter has been 
introduced: Total Lesion Glycolysis (TLG), com-
bining SUV (mean) and metabolic tumor vol-
ume, which resulted of utmost value as prog-
nostic indicator in many oncological settings 
[50, 51]. Gulec et al. evaluated these two meta-
bolic parameters in 20 patients with colorectal 
cancer liver metastases: 18 with bilobar multi-
ple metastases and 2 with unilobar lesions, all 
treated with a combination of chemotherapy 
and 90Y RE [52]. A decrease in TLG and FTV was 
observed in all but one patient, in particular 
subjects receiving chemo+ 90Y RE had a greater 
reduction respect those receiving chemo-only. 
Most interestingly, median survival for patients 
with 4-week post-treatment FTV value above 
and below 30 cc were 10.9 and 26.9 months, 
respectively. The authors concluded that pre-
treatment and post-treatment TLG and FTV pre-
sent a strong correlation with survival. 

In a large series of 80 patients with colorectal 
liver metastases, Fendler and co-workers rec- 
ently tested the validity of several parameters 
derived from PET for predicting survival after 
90Y RE [53]. 18F-FDG PET was performed at 
baseline and 3 months after the procedure and 
TLG, FTV and changes in SUV were calculated. 
Moreover, response to treatment was evaluat-
ed both according to PERCIST and RECIST. The 
authors found that decrease in FTV and TLG 
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predicts survival, while no correlation was 
found for changes in SUV and RECIST criteria. 
In summary, many papers support the evidence 
that 18F-FDG PET can be useful to assess meta-
bolic response in colorectal liver metastases 
after 90Y RE (Figure 2). 

Breast cancer 

In liver metastases from breast cancer, 90Y RE 
proved useful as palliative therapy with resp- 
onse rates ranging from 39% to 61% with mean 
survival of 2-14 months [54, 55]. 

In 2007, Coldwell and Kennedy reported good 
results of 90Y RE in 44 patients with hepatic 
lesions from breast cancer [56]. They found the 
following response rate according to RECIST: 
41% PR, 47% SD and 5% PD. When the response 
to 90Y RE was analyzed by 18F-FDG PET, 95% of 
patients resulted in PR and only 5% was in SD. 

In a recent report, Cianni et al. evaluated the 
response to 90Y RE in 52 patients with liver 

metastases from breast cancer both according 
to RECIST and 18F-FDG PET [57]. At first follow 
up performed at 8 weeks post procedure, the 
majority of subjects (81%) showed a reduction 
of hepatic lesions’ metabolism consistent with 
PR, among them 2 subjects showed complete 
disappearance of 18F-FDG uptake and were 
considered in CR. These results are in agree-
ment with those of Colwell’s group, indicating a 
higher percentage of metabolic response by 
using 18F-FDG PET.

Another group published a research on the role 
of 18F-FDG PET in predicting survival after 90Y 
RE in a cohort of 58 patients with hepatic 
metastases from breast cancer [33]. 18F-FDG 
PET was performed at baseline and 3 months 
after the procedure. To evaluate response of 
the disease to treatment, the authors used 
modified PET Response Criteria in Solid Tumors 
(PERCIST). According to the unmodified PERCIT, 
in fact, the change of SUVmax in the 2 hottest 
lesions per organ is considered. On the contra-

Figure 2. A 67 year-old-male patient with colorectal liver metastases. 18F-FDG PET MIP before radioembolization (A) 
showed intense tracer uptake in a gross tumor in the right hepatic lobe (arrow), while no other areas of abnormal 
tracer accumulation were evident. MIP acquired 6 weeks after 90Y spheres administration (B) revealed a significant 
reduction of the liver mass (arrow). The significant metabolic response is well evident in the axial images acquired 
before (C) and after (D) the procedure.
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ry, Haug et al. based their definition of the 
response on the summed percentage change 
in the SUVmax in up to 5 of the most prominent 
hepatic lesions. Response as assessed with 
SUVmax correlated significantly with survival 
after 90Y RE. Furthermore, a high pre-emboliza-
tion SUVmax (i.e. > 20) resulted strongly predic-
tive of survival. Further studies are needed to 
assess the role of 18F-FDG PET in the assess-
ment of the response to 90Y RE in patients with 
breast cancer liver metastases. 

Intrahepatic cholangiocarcinoma

There are relatively few data addressing the 
utility of 90Y RE in unresectable and chemother-
apy-resistant intrahepatic cholangiocarcinoma 
(ICC). One reason is due to the rarity of the neo-
plasm. Moreover, 90Y RE has emerged as a rela-
tively novel treatment for otherwise untreatable 
tumor or metastases of the liver, with a growing 
body of evidence reporting very encouraging 
results (Figure 3).

The largest series of ICC patients treated with 
90Y RE was published by Mouli et al [58]. The 
authors retrospectively evaluated the utility of 

the procedure in 46 patients at a single institu-
tion during an 8-year period. Survival varied 
based on presence of multifocal, infiltrative 
and bilobar disease. However, 18F-FDG was not 
used to evaluate the response to treatment 
and patients were assessed by CT or MRI.

Haug et al. investigated the role of 18F-FDG PET 
in predicting survival in 26 consecutive ICC 
patients treated with 90Y RE [34]. Among 23 
patients in whom follow-up was available, 5 
(22%) showed a PR, 15 (65%) SD and 3 (13%) 
PD. The change in all 18F-FDG values significant-
ly predicted survival after radioembolization; in 
particular, ΔSUV (max) and ΔSUV (mean) res- 
ponders had a median survival of 114 weeks 
(responders) versus 19 weeks (non-respon- 
ders). 

Filippi and colleagues have recently investigat-
ed the relationship between changes in TLG, 
assessed by means 18F-FDG PET at 6 weeks 
after 90Y RE, and final outcome in 17 patients 
affected by ICC [59]. Subjects were divided in 2 
groups (group 1: 6 weeks ΔTLG > 50%, group 2: 
ΔTLG < 50%). Patients with a ΔTLG > 50% and 
ΔTLG < 50% had a mean OS of 79.6 + 3.6 and 

Figure 3. A 72 year-old-female patient with chemo-resistant intrahepatic colangiocarcinoma, which had previously 
undergone surgery and then relapsed. 18F-FDG MIP (A) acquired before the radioembolization revealed 18F-FDG 
uptake in the right hepatic lobe (arrow). 18F-FDG MIP 6 weeks after therapy (B) depicted an almost complete meta-
bolic response of the hepatic lesion. The significant metabolic response is well evident in the axial images acquired 
before (C, arrow) and after (D, arrow) the procedure.
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43.1 + 2.0 weeks, respectively (p < 0.001). 
Furthermore, patients with ΔTLG > 50% had a 
significantly longer TTP than those with ΔTLG < 
50%. Hence, the authors concluded that ΔTLG 
calculated on post-treatment 18F-FDG PET 
agrees with patients’ final outcome.

Other tumors

Although relatively rare, uveal melanoma sp- 
reads beyond the eye in about the 50% of cases 
with the liver being involved in the 80-90% of 
cases [60, 61]. Only a small percentage of 
patients can be effectively treated with surgery. 
In the remaining patients, 90Y RE can represent 
an intriguing therapeutic option. In a recent 
report, Klingenstein et al. evaluated 13 patients 
with melanoma liver metastases submitted to 
90Y RE by performing 18F-FDG PET at baseline 
and 2-3 months after treatment [62]. PR was 
observed in 8 (62%), SD in 2 (15%), and PD in 3 
(23%) patients under terms of standard criteria, 
and PR in 3 (23%), SD in 3 (23%), and PD in 7 
(54%) patients according to PET criteria. Neither 
RECIST nor PET criteria showed a significant 
difference in predicting overall survival (P = 
0.12 and 0.11, respectively).

Neuroendocrine tumors are highly vascularized 
malignancies, thus several published papers 
reported that 90Y radioembolization can be 
effective and safe in hepatic NET [63, 64]. 
However, it is well known that 18F-FDG PET has 
a relatively low sensitivity in neuroendocrine 
tumors and other tracers like 68Ga-DOTATOC  re  
more suitable for the imaging of these tumors 
[65]. Moreover, recent published papers sug-
gest that good results in hepatic NET might be 
achieved by combining peptide-receptor radio-
nuclide therapy (PRRT) and 90Y RE [66-68].

Conclusions

90Y RE has emerged as a safe and effective 
treatment in primary and secondary liver 
tumors. 18F-FDG PET-CT can play a fundamen-
tal role either as baseline scan before the pro-
cedure or as follow up imaging modality after 
treatment. Several semiquantitative parame-
ters such as FTV and TLG have been proved to 
have powerful prognostic value in predicting 
survival after 90Y RE. The optimal time point for 
assessing metabolic response after 90Y RE has 
not been established yet. Identifying patients 
with poor clinical outcome can be of utmost 

importance in order to timely start as early as 
possible adjuvant or palliative treatments. The 
most of the previous cited papers have 
assessed the response to 90Y RE at 3 months. 
There are few reports of early metabolic assess-
ment at 4 and 6-8 weeks. Finally, the solidest 
evidences on the role of metabolic imaging in 
monitoring the response to 90Y RE come from 
clinical experiences in patients affected by 
colorectal liver metastases. However, there is a 
growing literature concerning the possible role 
of 18F-FDG PET in monitoring the response to 
90Y RE also for patients affected by other 
tumors, like breast cancer metastases and 
intrahepatic cholangiocarcinoma. Further stud-
ies are needed to better evaluate the impact of 
18F-FDG PET in these oncological settings. 
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