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Introduction
The role of imaging in selective internal radiation therapy (SIRT) 

patient management is eminent both in patient selection and follow 
up. An adequate patient selection is crucial for a safe and cost-
effective implementation of SIRT. Imaging will mostly perform a 
negative selection for SIRT: via the identification of patients with liver 
tumors that will not have a prognostic benefit from SIRT because of 
inappropriate disease stage (high extrahepatic tumor load impairing 
short term prognosis) or tumor characteristics (liver tumors with a low 
arterial supply) or because of toxicity risk (extrahepatic microsphere 
deposition via aberrant arteries that cannot be properly embolized 
prior to SIRT; arteriovenous shunting leading to potentially high 
radiation dose to the lungs; radioembolization induced liver disease). 

All this requires the sequential implementation and integration of 
diagnostic information obtained with both structural and metabolic 
diagnostic tools. The integration of data has been recently facilitated 
through the advent of multimodality tools, combining, in one camera 
gantry, metabolic or molecular imaging (PET or SPECT) with a 
structural or morphological imaging tool (CT or MRI), the so-called 
“hybrid systems”. Imaging data integration requires a fundamental 
multidisciplinary approach bringing together the knowhow and 
expertise of radiologists, nuclear medicine physicians, medical 
physicists, imaging engineers, and radiotherapists. 

This review will discuss the current state of the art of imaging in 
the different aspects of the management of patients undergoing SIRT. 

Pre-treatment tumor extension assessment

The choice of the pre-treatment imaging modality is a critical point 
in the management of SIRT patients. It is crucial to choose a technique 
that allows the most accurate assessment of the intra- and extra-

hepatic tumor load. Generally, SIRT is not indicated in case of major 
uncontrolled extra-hepatic disease which could impair the prognostic 
benefit yielded by SIRT. Extra-hepatic disease might be accepted when 
it is considered as responsive to systemic or other local therapies 
associated to the SIRT within a multimodality therapeutic strategy. 
Thus, for pre-SIRT imaging of tumors with high propensity for systemic 
metastases (colorectal cancer; breast cancer; cholangiocarcinoma) high 
sensitive whole body imaging techniques are preferred (FDG PET-
CT). Secondly, hepatic pre-SIRT imaging should be accurate, both 
in terms of sensitivity (accurate liver tumor mapping, important for 
SIRT treatment planning: supraselective approach versus global liver 
treatment) as specificity. Specificity is important because most of our 
patients are scheduled for SIRT after previous cytotoxic or locally 
ablative or surgical interventions. In these conditions it might be 
difficult to differentiate aspecific treatment induced changes (fibrosis 
/ necrosis) from residual or recurrent tumor. For this, it is indicated 
to use a functional (MRI) or metabolic (PET/CT) imaging technique 
with image findings being more related to tumoral viability rather than 
tissue density. Thirdly, the pre-SIRT imaging technique of choice will 
serve as a baseline tumor status to which later scans will be compared 
to assess SIRT response and residual disease. Therefore, the technique 
should be sensitive to measure antitumoral effects of SIRT, allowing 
rapid identification of lesions with poor or absent response that could 
benefit from additional local therapy such as radiofrequency ablation 
of selective external beam radiotherapy. 

For all these reasons, as a baseline pre-SIRT examination, the 
perfect imaging modality would consist in a secure, fast, widely 
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Abstract
Adequate patient selection and treatment planning is crucial for a safe and cost-effective administration of 

selective internal radiotherapy (SIRT) of malignant liver disease using 90Y-labelled microspheres. It requires 
the implementation of multimodality imaging, integrating metabolic, functional and structural characteristics. 
A multidisciplinary approach is a prerequisite for SIRT, bringing together the knowhow and expertise of radiologists, 
nuclear medicine physicians, medical physicists, imaging engineers, and radiotherapists. This review discusses the 
available radiologic (CT/MRI) and nuclear (SPECT/PET) imaging modalities and their specific utility in the different 
diagnostic phases related to SIRT: wholebody and intrahepatic pre-treatment disease staging, CT and MRI-based 
angiography, liver-lung shunt assessment, treatment simulation, predictive dosimetry, post-treatment imaging, and 
SIRT response assessment.
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available and relatively low-cost technique, covering the entire body 
with high performances in terms of sensitivity and specificity.

Whole body PET-CT, using tumor tracers labelled by a positron-
emitting isotope (18F or 68Ga), is a most suitable imaging modality. 
The imaging basis of FDG PET-CT is the high glycolysis rate observed 
in most tumors, which leads to an intense accumulation of FDG via an 
increased expression of cell membrane glucose transporters (GLUT) 
and hexokinase (the latter transfers FDG to FDG-6-phosphate) and a 
low rate of dephosphatase activity. This is the case in most recurrent 
colorectal and breast carcinoma, to name two frequent tumors often 
sent to our department for evaluating the possibility for SIRT. However, 
some neoplasms referred for SIRT are known to show low or inconstant 
FDG avidity. These include low-grade tumors (eg. low proliferating 
neuroendocrine tumors), tumors with a high phosphatase activity 
(leading to a wash out of the intracellular FDG; which is the case in well 
differentiated hepatocellular carcinoma), tumors with a high mucinous 
content (some mucinous colorectal and gastric tumors). In these 
tumors, when sent for SIRT, pretreatment FDG PET-CT should not be 
routinely performed and other metabolic or functional diagnostic tools 
should be considered (111In or 68Ga labelled octreotide; functional 
MRI).

It should always be kept in mind that non-tumoral conditions can 
show high FDG uptake mimicking neoplastic activity. False positive 
findings in liver parenchyma can occur in cases of granulation tissue 
(e.g., at the resection planes after hepatic surgery), inflammation (eg. 
after radiophrequency ablation), and infections (abcesses; tropical 
diseases). On the other hand, recent chemo/radiotherapy can supress 
tumor metabolism partially or even completely without eradication 
of the tumoral activity. Therefore, pre-SIRT PET-CT should be 
performed in case of clinically chemo-refractory disease, or, in case 
of effective chemotherapy, after stopping it during several weeks. 
Anyway, performing SIRT in patients responding to chemotherapy is 
probably not indicated because response is often associated with a drop 
of arterial vascularisation, which is the major basis for successful SIRT.

The most common indications for SIRT are hepatocellular 
carcinoma (HCC), liver metastatic colorectal cancer (CRC), 
intrahepatic cholangiocarcinoma, and neuroendocrine tumors. 
Increasing numbers of patients with liver only recurrent breast cancer 
or (ocular) melanoma are reported [1-3]. The tumor specific pitfalls 
and recommendations regarding pre-SIRT imaging are discussed here 
under. 

Liver dominant CRC metastasis: First-line follow-up and 
assessment of recurrent CRC is classically performed by (combinations 
of) liver ultrasound (US), Contrast Enhanced-CT (CECT) or MR. In 
case of diagnostic need (eg. increasing tumor markers with normal 
imaging, or equivocal CT/MRI findings) FDG PET-CT is generally 
performed because of its higher whole body sensitivity and specificity 
[4,5]. FDG PET-CT has now been proved to be significantly more 
accurate than ce-CT for diagnosis of hepatic metastasis, and equivalent 
or somewhat lower to liver MRI [6-8]. 

FDG PET has less spatial resolution compared to the structural 
cross sectional imaging modalities such as CT and MRI. Therefore, 
small infracentimetric hepatic lesions are still not easily detected on 
FDG PET due to relatively high and heterogeneous physiological 
background liver activity. However, the low specificity of CECT and 
MRI for these lesions still poses a significant clinical problem, and 
may requires the use of more specific dedicated MRI tools such as 
contrast-enhanced or diffusion-weighted imaging [9,10]. For the 

contrast enhanced MRI, Super Paramagnetic Iron Oxides (SPIO) have 
now been proved to be at least as accurate than Gadolinium (Gd) for 
differentiating malignant from benign hepatic masses or adjacent 
nodes [11-13].

Sometimes CRC metastases have a high mucinous content with 
low cellularity. These tumors have a low avidity of FDG and FDG PET-
CT can therefore significantly underestimate the liver disease extent. 
In this condition FDG PET should not be used for pre- or post-SIRT 
disease evaluation.

Hepatocellular cancer: FDG PET-CT is not routinely performed 
in HCC because of the fact that only about 30% of HCC are FDG 
avid [14] (Figure 1). This leads to a significant underestimation of 
the disease extent. The reason for the non-avidity for FDG is the high 
glucose-6-phosphatase activity present in these tumors, which leads to 
a non-accumulation of FDG in the tumor cells. Only dedifferentiated, 
more aggressive HCC cells lose this enzyme overexpression and show 
more intense FDG uptake. It has been observed that HCCs with higher 
FDG uptake have a higher tendency for extrahepatic metastases than 
those with lower FDG uptake [15]. Further observational studies will 
teach us how this could be used for the prognostic stratification of 
patients with HCC. 

HCC occurs preferentially on cirrhotic and altered liver 
parenchyma rendering structural imaging modalities (CT/MRI) not 
accurate enough for the characterization of small lesions. Moreover, the 
radiological findings are often inconsistent and subtle [16]. Therefore, 
early diagnosis and proper staging is still challenging and different 
scoring and classification systems are reported, including primary 
tumor size and extension, portal vein thrombosis, regional lymph node 
involvement, the presence of distant metastasis, the histological grade 
and the degree of fibrosis [17].

MRI and CECT (Figure 1), on morphological basis, have similar 
performances for the detection of intra- and extra-hepatic HCC, 
and both techniques are equally sensitive for the detection of lesions 
measuring 2 cm or larger but insensitive for HCC lesions smaller than 
2 cm, and for carcinomatosis [18,19]. Recent recommendations by 
the American Association for the Study of Liver Diseases state that a 
diagnosis of HCC can be made if a mass larger than 2 cm shows typical 
features of HCC (hypervascularity in the arterial phase and washout 
in the venous phase) at CECT or MRI, or if a mass measuring 1-2 
cm shows these features at both modalities [20]. Even if not entirely 
discriminating, the Diffusion-Weighted MRI does provide additional 
information for suspicious lesions (Figure 1). It improves MRI detection 
of HCC, particularly in lesions smaller than 2cm, with sensitivities of 
84-98% compared to 76-85% for multiphasic MRI alone [21-23].

The place of other molecular imaging biomarkers is currently 
being evaluated, such as the18F-fluorocholine or 11C-acetate [24]. 
Also, some of these tumors have a high expression of somatostatine 
receptors and might therefore be imaged using radiolabelled octreotide 
and PET-CT or SPECT-CT (see lower).

Neuroendocrine tumors: Neuroendocrine tumors (NET) can 
show neuroamine uptake or cell membrane somatostatine receptors; 
both biomarkers can be used for molecular imaging using targeted 
radiolabelled ligands. The oldest ligand that was developed is MIBG 
(metaiodobenzylguanidine), which is a substrate of the neuroamine 
uptake. MIBG imaging does not play a role anymore for intra or 
extrahepatic staging of NET because of the relative poor imaging 
characteristics of 131I-SPECT and of its high cost and radiation burden 
for the patient. MIBG imaging is still used to select NET patients 
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who might benefit from metabolically targeted radiotherapy through 
the intravenous administration of high activity of 131I-MIBG. This 
treatment can be an adjunct to SIRT in case of the presence of hepatic 
and extrahepatic disease sites, but is probably less effective (but more 
available) than treatments using radiolabelled octreotide. 

The primary molecular imaging tool is based upon the high 
expression of somatostatine receptors in NET. Octreotide, a small 
peptide, targets the receptor and can be labelled with isotopes for both 
SPECT (111In) and PET (68Ga) imaging. 

In most European oncology imaging centers Octreoscan (111In-
pentetreotide), using gamma camera-based planar and SPECT 
imaging (performed at 6, 24 and sometimes also 48 hours after tracer 
administration), is gradually being replaced by 68Ga-octreotide 
PET-CT (performed at 1h30 post tracer administration), because of 
PET’s better sensitivity (about 2000 times higher than SPECT) and 
3D spatial resolution (6-8 mm for PET compared to 12-14 mm for 
SPECT [25,26]. The success of the so-called “Octreo-PET” has been 
facilitated by the commercial availability of 68Ge-68Ga generators 
with an acceptable cost and long shelf-life (1 year or longer). This 
allows the home-made production of the radiotracer using dedicated 
(semi)automated radiosynthesis modules. Another indication for 
octreotide-based imaging is the selection of patients for radiolabelled 
octreotide systemic treatments, using therapeutic B-emitting isotopes 
such as Yttrium-90 and Lutetium-177. This treatment modality can be 
an important adjunct for SIRT in case of extrahepatic disease. In this 
situation we mostly perform first the liver SIRT in order to downstage 
liver disease (which often is the primary source of the clinical neuro-
endocrine syndrome), followed by the systemic radionuclide treatment.

The uptake of FDG in well differentiated, low grade NET 
(carcinoids) is often not increased. However, it has been reported that 

the uptake of FDG increases with the proliferation rate and degree 
of differentiation of NET [27,28]. Therefore, FDG PET-CT can have 
a major role in non-invasive “grading” of the NET sites. Whole body 
FDG PET is also important to indicate the site for the most appropriate 
biopsy, the hottest lesion being the most relevant in terms of prognosis. 
For the planning of SIRT in multimetastatic NET, FDG PET-CT 
should be routinely used to grade the extrahepatic disease (Figure 2). 
Absence of FDG indicates low grade lesions which will mostly not 
become prognostically relevant in the coming months/years, while 
FDG positive lesions outside the liver should be considered as a relative 
contra-indication for liver SIRT. 

Cholangiocarcinoma : Staging cholangiocarcinoma is a major 
challenge. This neoplasm, deriving from the biliary ducts, is subdivised 
in 3 types: intra-hepatic, peri-hilar and extra-hepatic type. Distant 
metastasis can involve lymph nodes (50% at presentation), peritoneal 
cavity or distant organs (10-20% at presentation) [24]. Prognosis 
of patients with non resectable cholangiocarcinoma is generally 
unfavourable. Therefore, the indication of SIRT in these patients 
should be restricted to the liver-exclusive disease in whom high SIRT 
radiation doses can be obtained, preferably in a supraselective (ablative) 
approach (see lower Predictive Dosimetry).

Cholangiocarcinomas are usually detected on multiphase CECT. 
After the intravenous administration of contrast material, most 
cholangiocarcinoma remain hypoattenuating during the arterial and 
portal venous phases and show enhancement during the delayed phase, 
findings that reflect their hypovascular desmoplastic composition. In 
addition to providing valuable information regarding local disease, 
multidetector CT helps scrutinize the entire abdomen and pelvis for 
metastatic spread to lymph nodes and distant organs, although the 
sensitivity of CT for lymph node metastases has been found to be low 
(about 50%) [25].

MRI, providing superior contrast resolution, enhancement kinetic 
study, diffusion-weighted imaging and non-invasive cholangiography, 
is superior to CECT for the assessment of intraductal, satellite or small 
lesions. The intra-hepatic involvement assessment should therefore 
preferentially be made by MRI. However, MRI sensitivity in the 
detection of distant metastasis is poor because of limited field of view 
and false negative findings due to small lesion size [26].

Little is known about the use of FDG PET-CT in cholangiocarcinoma. 
FDG PET seems to be more useful in detecting metastases to lymph 
nodes, the liver, and other distant sites compared to conventional 
staging techniques. However, in patients that underwent extensive 
conventional and laparoscopic staging, a recent study in 30 intrahepatic 
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Figure 1: Registered axial images of patient with a large HCC lesion in the 
right liver lobe: FDG PET-CT (a), portal phase CECT (b), fat suppression Gd 
enhanced T1w MRI (c), fat suppression T2w MRI (d), and DWI b800 MRI (e). 
Note that FDG PET-CT does not show any tracer accumulation in the tumor 
lesion (non avidity). MRI provides the best tumor to normal liver contrast.
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Figure 2: Registered axial images of patient with multiple metastases of a low-
grade neuro-endocrine tumor. FDG PET-CT (a) does not show any increased 
FDG avidity (indicative for a low grade tumor), while 68Ga-Octreotate PET-CT 
(b) shows high tumor tracer uptake due to the increased expression of the 
somatostatin receptors.
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cholangiocarcinoma patients indicated that FDG PET-CT does not 
provide any significant additional information [26-28]. 

Intra- and perihepatic investigation by PET, CT and MR is 
complicated by overlaps of positive findings of cholangiocarcinoma 
and inflammatory biliary strictures in case of sclerotising cholangitis, 
which is a preponderant pathology for the development of 
cholangiocarcinoma. Moreover, infiltrating cholangiocarcinoma is less 
precisely delineated and detected than nodular types. 

SIRT simulation

Before SIRT, a treatment simulation with 99mTc-labeled MAA 
particles should be performed in order to exclude the presence of 
lung shunting, to assess the intrahepatic distribution, and to detect 
undesirable extrahepatic spread of the injected microspheres. 

The images obtained during the 99mTc-MAA-simulation 
procedures are crucial for SIRT treatment planning and predictive 
dosimetry. Therefore, it is essential that the catheter tip during the 
99mTc-MAA injection be positioned in the anticipated SIRT treatment 
position in order to maximally assure a comparable distribution of the 
99mTc-MAA and the SIRT particles.

Therefore, before simulation, a dedicated CT or MRI-angiography 
should be performed in order to plan the most appropriate catheter 
placement and to detect vasculature abnormalities or variants of the 
arteries supplying the liver [30]. Two modalities available for pre-
simulation imaging (CT and MRI based angiography) are briefly 
discussed hereunder.

CT angiography: Recent improvements of multidetector-CT 
now permit to explore the entire abdominal and limbs vasculature in 
one single breath hold. Volumetric data acquisition and multiphase 
imaging offer the possibility to depict the catheterism access way, the 
liver arterial vasculature conformation, and the characterization of the 
tumor vascularization. The angio-CT findings are now very reliable 
and offer a good correlation with digital subtraction angiography 
(DSA), which remains the gold standard in assessing liver vasculature 
and tumor feeding arteries [31-35].

The classical angio-CT protocols include the injection of 150 mL 
of non-ionic iodinated contrast material with a high concentration of 
iodine (300-400 mg per milliliter) through an 18-20-gauge intravenous 
cannula at a high flow rate (about 5 mL/sec if possible).

The delay of the hepatic arterial phase scan is about 20 -25 seconds 
while the portal venous time is 60-65 sec after the administration of 
iodinated contrast agent. The ideal irradiation parameter should be 120 
kVp; and 220 --260 mA [36]. 

Post-processing tools now permit to perform 3D multiplanar 
reconstructions and to delineate precisely the entire aortic trunk 
and the feeding aortic branches of the liver with the use of maximal 
intensity projection (MIP), shaded-surface display (SSD) and volume 
rendering (VR) settings tools.

Angio-CT requires high speed imaging acquisition and thus the use 
of multidetector CT which may induce cone beam artifacts. Moreover, 
metallic artifacts due to previous surgical procedures on the liver can 
complicate the interpretation of the images. High flow rate injection 
of iodinated contrast agents can be problematic with patients with bad 
venous conditions. Finally, angio-CT delivers a relatively high amount 
of ionizing radiation (CTDI vol about 30,0 mGy for an abdominal 
angio-CT [37]), but radiation risk considerations should of course 

be balanced against the prognosis of the disease and the patient’s life 
expectancy. 

Gadolinium-enhanced MR Angiography: Gadolinium-enhanced 
(Gde) MRI angiography has been established as a safe, accurate, 
noninvasive method for evaluating the hepatic vasculature. Fast 
and high spatial-resolution angiographic imaging is now possible. 
Isometric acquisitions can be achieved, resulting in 3D multiplanar 
reconstruction possibilities. Gde-MRI can depict hepatic vessels with 
a good resolution with low saturation or turbulence-related artifacts. 
Moreover, compared to the angio-CT, Gde-MRI angiography is not 
ionizing, and rarely causes hypersensitivity reactions.

Gde-MRI angiography sequences can be added to the usual 
morphologic breath-hold T1-weighted in-phase and opposed-phase 
gradient-echo images and T2-weighted images of the liver.

The Gde sequences include an axial breath-hold 3D interpolated 
spoiled gradient-echo sequence after intravenous administration of 
gadolinium chelate (40ml) injected at a flow rate of 2 ml/sec, which is 
quite lower than flows used for angio-CT. 

Hepatic arterial and portal venous phase images are obtained after 
a delay of 15-18 seconds and 70 seconds, respectively. Breath-hold 
images are obtained at end inspiration and usually require less than 
30 seconds. As for the angio-CT, 3D multiplanar acquisitions permit 
maximum intensity projection (MIP) and volume rendering (VR) 
reconstruction, which are most useful in the SIRT simulation planning 
(Figure 3).

The visualization of small vessels is often mandatory to properly 
plan the SIRT catheter placement. Despite major improvements of 
angiographic sequences and the increasing availability of powerful 
magnets (1,5 and 3 Tesla), the spatial resolution of MR angiography is 
still inferior to that of angio-CT and DSA [38]. Moreover, long breath-
hold sequences may be spoiled by motion artifacts in patients with bad 
respiratory conditions.

For these reasons, and if no contra-indication is present, the 
preferred modality for the pre-simulation imaging should be angio-
CT. Both modalities do offer correct visualization of the liver arterial 
vasculature [39] but only angio-CT permit to depict the tumor arterial 
vasculature almost as precisely as the DSA (Figure 3). 

Digital subtraction angiography and added value of cone beam 
CT: DSA has been used for decades by interventional radiologists. 
It consists of a fluoroscopy system disposed on a C-arm permitting 
rotation around the patient table. It permits the clear visualization 
of blood vessels in a bony or dense soft tissue environment. Images 

 

a b 

Figure 3: 3D rendering of a CECT (a) and the corresponding DSA (b) anterior 
view, illustrating the higher resolution of DSA with a much better visualization 
of small vessels.
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are produced using iodinated contrast medium by subtracting a ‘pre-
contrast image’ (mask) from later images, once the contrast medium 
has been introduced into a structure.

The recent development of the Cone Beam Computed Tomography 
technology (CBCT) now offers new perspectives for interventional 
oncology of the liver.

It is composed by a silicium flat-panel fluoroscopy system 
incorporated in a C-arm device, which allows 360° rotation around 
the interventional table. It provides tomographic CT-like images 
in addition to the planar angiographic data. It is complementary to 
the classical DSA, providing better tumor vasculature depiction and 
detecting shunting arterioles that were not seen on DSA. Despite 
frequent metallic and beam hardening artifacts due to previous 
surgery, bowel gas or catheter positioning, CBCT uses cross sectional 
technology acquisition with 3D reconstructions, and is consequently 
not prone to superposition artifacts. 

Added value of the CBCT has already been demonstrated for 
liver chemoembolization, improving catheter placement and the 
confidence for the selection of the arteriole to embolize [40,41]. While 
using equivalent contrast agent amount during a CBCT acquisition 
compared to DSA, irradiation dose appears to be inferior to DSA, due 
to inferior amperage, which is a major advantage for the angiographist 
[42].

The detection and subsequent coil embolization of extra hepatic 
shunting to other gastro-intestinal structures is a major issue during 
SIRT simulation angiography [43,44]. According to Louie et al. [45], 
the high spatial resolution of CBCT supplements the traditional 
use of DSA and 99mTc-MAA scintigraphy to predict extrahepatic 
microsphere deposition. Most importantly, CBCT can help to spare 
non-tumoral liver parenchyma by detecting the feeding arterioles of 
the targeted tumors and to ensure a selective or even supra-selective 
catheter positioning. In a recent study of Louie et al. [45], the CBCT 
findings during SIRT simulation convinced angiographists to perform 
an additional embolization or to change the catheter positioning 
in 33% of cases, because of the risk for non-target embolization or 
incomplete tumor perfusion not seen on DSA. For these reasons 
incorporating CBCT technology in the SIRT simulation and treatment 
phase constitutes a major progress for patient safety and treatment 
optimization.

99mTc-MAA planar or Single Photon Emission Computed 
Tomography (SPECT)

The simulation of the proper distribution of Yttrium-loaded 
microspheres within and outside the liver is mandatory to ensure 
a safe SIRT procedure. This simulation can be performed through 
the infusion of Macro-Aggregate of Albumine labelled with 99mTc 
(99mTc-MAA) after intravascular catheter placement in the liver 
arterial vasculature. Photons emitted by the 99mTc can be detected 
by planar or 3D single photon detectors (SPECT) using gamma-
cameras. Whereas planar images are sufficient to estimate the lung 
shunt, the estimation of the microspheres distribution inside the 
liver must be assessed tomographically using SPECT [46]. Moreover, 
the use of a hybrid system (SPECT-CT) has proven useful for image 
registration and delineation [47]. 99mTc-MAA SPECT images should 
be performed as soon as possible after administration of the radiotracer 
(usual activity: 150-300 MBq) because free 99mTc can enter the system 
circulation and fix itself in the gastric mucosa. This extrahepatic 
activity cannot be differentiated from deposition coming from aberrant 

extrahepatic arteries. Because the presence of free Tc99m is variable 
and unpredictable, it is generally recommended to pre-administer a 
dose of percholrate (Irenate) which completely blocks the uptake of free 
Tc99m in the gastric mucosa. The pharmacologic effect of the drug can 
be checked by verifying the absence of any physiological uptake seen 
in the thyroid (Figure 5). In our center, Perchlorate is administered 
routinely, about 20 minutes before the 99mTc-MAA administration 
(i.e. right before starting the catheterization).

In some patients, when supraselective SIRT approach is indicated, 
or when preSIRT embolization of a gastro-duodenal artery is 
technically impossible, 2 doses of 99mTc-MAA are injected separately 
in both hepatic arteries. 

Image processing

Activity dosing for SIRT should be based on the patient and tumor-
specific conditions, such as whole liver volume, treated liver volume, 
tumor volume, lung shunting, and arterial hypervascularization of 
each tumors. These parameters can be measured (or approximated) 
before SIRT by integrating information from dedicated multimodality 
imaging which requires advanced image processing.

First, a method for image registration and lesion delineation 
should be defined. There is currently no standard or consensus 
methodology for this. The preferred method should have minimal 
inter- and intraobserver variability leading to the highest achievable 
clinical standardization. Hereunder are presented some aspects of the 
methodology presently used in clinical SIRT routine at the Jules Bordet 
Institute. 

Image registration: Image registration is necessary in order to be 
able to compare or integrate the data obtained from different image-
based measurements. For this, each image is transformed so that all are 
in the same spatial coordinate system. The reference coordinate is “the 
clinical reference image” corresponding to the baseline image depicting 
the SIRT target lesions. So, the 99mTc-99mTc-MAA SPECT images, 
and later the post-treatment images (and potentially the treatment 
response images) will all be registered in the space of that reference 
image (Figure 4). 

The registration of anatomic and metabolic images can be 
complicated because of the different information content. The use of 
hybrid systems (SPECT-CT or PET-CT) simplifies the process because 
only the anatomic images need to be registered; the same registration 
transformation is then applied to the associated metabolic images. 
However, local movements such as breathing and heartbeats can 
sometimes give a mismatch between anatomic and metabolic images 
(even in hybrid systems) resulting in artifacts that are difficult to 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a b

Figure 4: Anterior view of the Maximum Intensity Projection of 99mTc-MAA 
SPECT of a same patient who underwent two 99mTc-MAA-simulations 
before SIRT of a spleen : without (a) and with (b) prior oral administration 
of perchlorate. The physiological uptake of free 99mTc seen in the 
gastroduodenal wall is completely supressed by the perchlorate.
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correct. Therefore, these must always be taken into account by visually 
assessing the quality of the matching between the registered images.

The most advanced registration is the registration of 3D 
angiographic images (angio-CT or angio-MRI) with the reference 
images. This enables to define the different arteries perfusing the 
different lesions and can help to define the best location to position 
the catheter for SIRT simulation and treatment (Figure 3). However, 
this method still is limited by the poor resolution of the angiographic 
images.

Delineation of organs and lesions: 3.2.1. Lung shunt: To 
estimate the lung shunt, regions of interest (ROI) on the lungs and 
liver should be generated on the planar 99mTc-MAA-scan. Three 
ROIs are defined: one liver ROI on the anterior image, and two lungs 
ROIs on the posterior 99mTc-MAA images. For lung delineation, 
the posterior images are preferred because of the heart attenuation 
present on anterior images. For reasons of reproducibility, we perform 
a threshold segmentation based on a percentage of the maximum value 
inside each ROI. These ROIs are then mirrored to be projected on the 
conjugated anterior (lungs) or posterior (liver) images. At the end, we 
have six regions that allow us to calculate the geometric means inside 
the liver and lungs, and compute the percentage of shunting (Figure 6). 
Because of different artefacts between liver and lungs (e.g. attenuation 
and scatter), this method overestimates the shunt. For a more proper 
quantification of the shunt, leading to more accurate dosimetry 
calculations, the EANM guidelines recommend to use SPECT-CT [48] 
however without providing a standardized methodology.

Liver and lesion delineation: A SIRT dosimetry, or any other 
quantification, requires the definition of the target volumes and the 
estimation of activity within these volumes. The whole liver volume 

must be defined on anatomic images (CT/MRI). However, the target 
tumor lesions must be defined on the clinical reference images. If the 
clinical reference image is MRI or CT, an automated segmentation 
or manual definition should be applied. However, accurate lesion 
delineation is often difficult because of lack of tumor specificity of 
structural imaging (see higher). On the other hand,,the delineation of 
tumor lesions on metabolic images is highly dependant on the user, the 
software and the resolution of the images.

In our centre, we perform segmentation of the FDG PET lesions by 
using a threshold of twice the normal liver parenchyma uptake. 

The liver and tumor regions can then be projected on the registered 
99mTc-MAA-SPECT in order to quantify the tumour to non-tumour 
contrast. This quantification can then be used for obtaining a predictive 
SIRT dosimetry on a lesion by lesion basis, as reported by Flamen et 
al. [49] which is most informative when discussing a multimodality 
approach for liver tumors.

Post treatment imaging

The distribution of 90Y microspheres should be imaged routinely 
in order to assess the accurate delivery of the treatment in terms of 
treatment field, extrahepatic deposition and tumor to non-tumor 
accumulation. Moreover, the quantification of these images could 
enable to calculate the real dosimetry of the treatment. The currently 
available techniques using gamma camera and PET technology are 
discussed hereunder.

90Y bremsstrahlung planar imaging: The spectrum of electrons 
emitted by the 90Y can be indirectly imaged through the principle of 
Bremsstrahlung (“braking radiation”). Bremsstrahlung is generated 
when fast-moving electrons closely approach atomic nuclei and are 
deflected of their incident trajectory by electrostatic forces (Figure 7). 
The energy loss due to this deflection is emitted in the form of photon 
radiations. Since the delta of energy due to deflection differs in function 
of the path of the incident electron, Brehmsstrahlung essentially 
produces a continuous photon spectrum (Figure 8).

Imaging a continuous photon energy spectrum is unusual in 
nuclear medicine imaging and results in an increase of artefacts and 
loss of image quality. 

Gamma cameras use collimators to absorb photons whose 
trajectory is not perpendicular to the camera. The choice of collimator 
type results from a compromise between the energy of photons that 
are well attenuated, the spatial resolution and the detection sensitivity.

 

a b 

c d

Figure 5: Registered axial images of a patient with liver metastatic colorectal 
cancer. (a) baseline FDG PET-CT shows the target lesion with central 
necrosis located in segment IV,( b) simulation SPECT-CT image after 
supraselective 99Tc-MAA administration in the left hepatic artery, indicating 
that the lateral part of the lesion is not perfused via the left hepatic artery; 
(c) the post-treatment 90Y PET-CT after supraselective SIRT administered 
in the left hepatic artery, showing microsphere deposition in the peripherical 
(non-necrotic) part of the lesion, except for the lateral part, confirming the 
99mTc-MAA SPECT-CT finding ; (d) FDG PET-CT image obtained at 6 weeks 
post SIRT indicating residual (non-treated) disease at the lateral segment 
of the initial tumor. The medial part of the lesion shows an almost complete 
metabolic response. Additional local ablative treatment of the residual tumor 
lesion was needed.

 

a b 

Figure 6: Planar Anterior (a) and Posterior (b) image of SIRT simulation 
with 99mTc-MAA showing a significant liver-lung shunt (19% of the injected 
99mTc-MAA activity) and the ROIs used for his estimation. 
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Conventional gamma imaging selects photons of energy that 
correspond to a range of 20% around the energy of the photon emitted 
by the source (e.g. 140 keV for 99mTc). The range of energy photons 
accepted is defined by the energy window (e.g. [126-154] keV for 
99mTc). This selection enables the elimination of most of scattered 
photons because they have lost some of their energy. It is important to 
eliminate the scattered photons because they blur the image and thereby 
decrease the contrast of the image. With Bremsstrahlung imaging, the 
direct and scattered photons are mixed, so the discrimination can 
not be done with the definition of the energy window. However, the 
selection of a specific photon energy window at image acquisition as 
well as the choice of the collimator can significantly improve image 
quality.

Already in 1994, Sui Shen et al. [50] studied the impact of the 
choice of the energy window and collimator on planar Bremsstrahlung 
imaging in terms of resolution and sensitivity [50].

Based upon this standard work, it was recommended to use a 
medium energy collimator and acquire two simultaneous images 
with energy windows set at [50-150] keV and [151-300] keV. In our 
experience (Figure 9), the images obtained in the high energy window 
contain more artefacts, but they can be summed to the low energy 
image if more sensitivity is required. With these parameters Shen et 
al.[51] performed planar quantification experiments and concluded 
that reasonably accurate quantification of 90Y was achievable using 
gamma camera imaging which could serve as a basis of radiation dose 
estimation.

90Y Bremsstrahlung Emission Computed Tomography (BECT): 
As for SIRT simulation, the use of tomography increases the usefulness 
of the imaging. Since emission computed tomography is reconstructed 
through planar images, the issues inherent to planar imaging (choice of 
collimators and energy windows) are still relevant to BECT. However 
an additional issue with BECT is the attenuation correction.

Attenuation correction depends both on the density of objects 
through which the photon pass, and on the photon’s energy. For a 

given density, photons with higher energy will be less attenuated 
than photons with lower energy. Usually, attenuation correction is 
computed from CT images where the Hounsfield values are converted 
to attenuation coefficients of the specific energy of the acquired 
photon (e.g. 140 keV for 99mTc, or 511 keV for a positron emitter). 
Theoretically, for Bremsstrahlung imaging with its continuous energy 
spectrum, different energy windows are needed in order to compute 
different attenuation coefficients.

Ito et al. [52] performed a phantom study to investigate all the 
problems inherent to BECT. Their choice of collimators was the same 
as for planar imaging, but they proposed three energy windows with 
the following widths: 50% (57-94 keV) centered at 75 keV, 30% (102-
138 keV) at 120 keV, and 50% (139-232 keV) at 185 keV [52].

Other groups studied BECT quantification and they all concluded 
that it is achievable [53] and [54]. However, presently, there still is no 
reference consensus for BECT based SIRT dosimetry in clinical routine. 

In these circumstances, we currently assess the SIRT dosimetry 
via the pre-SIRT dosimetry model computed from the 99mTc-MAA 
simulation. Of course, this is only valid when the 3D distribution of 
99mTc-MAA and the SIRT microspheres are identical, which should 
be assessed by registrating the BECT with the 99mTc-MAA-SPECT 
images. 

90Y Positron emission tomography: 90Y is traditionally considered 
as a pure beta emitter, decaying to 90-Zirconium (Zr) with a transition 
energy of 2.26 MeV. However, this decay branch is not unique. In fact, 
it has been shown that a small proportion of 90Y decays to an excited 
state of 90Zr. The desexcitation that follows consists in the emission of 
either a conversion electron or an internal pair creation. The latter leads 
to the emission of positrons. The internal pair production branching 
ratio of 90Y has been determined to be 3.186 x 10-5 [55] (Figure 10).

Despite this poor ratio, the increased detection sensitivity of 
the latest generation PET technology, using Time of Flight (TOF) 
correction, can acquire the photons generated by the positron 
annihilation [56]. Later, the same group proved that this image could 
be quantified and thus be useful for post SIRT dosimetry [57]. With our 
scanner (General Electric; Discovery D690) we consider that for the 
amount of Sirsphere (1-3 GBq) injected, each bed position acquisition 
must at least last 30 minutes in order to obtain acceptable results 

 

Figure 7: Bremsstrahlung is generated when fast-moving electrons (blue and 
red lines) closely approach atomic nuclei and are deflected of their incident 
trajectory by electrostatic forces. The energy loss due to this deflection is 
emitted in the form of photon radiations. 

Figure 8: A typical germanium spectrum from 90Sr/90Y after background 
subtraction. The embedded plot is an enlarged portion of the 511 keV peak 
resulting from positron emission, allowing PET imaging.
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(Figure 11). Because the axial coverage of a PET bed position is only 15 
cm, imaging a whole liver takes at least one hour, compared to about 30 
minutes with BECT imaging. 

SIRT response assessment

Early assessment of response post SIRT should be performed for 
prognostic evaluation and for allowing rapid treatment adaptation 
when (part) of targeted tumor load is not or poorly responding. In 
the latter conditions SIRT can be associated to other locally ablative 
therapies such as radiofrequency ablation or volume selective external 
beam radiotherapy (eg. Cyberknife).

SIRT induces specific changes in the targeted tumors and their 
microenvironment, with a relative sparing of the adjacent liver 

parenchyma (if non-ablative doses are administered). It appears now 
that evaluating tumor response only on morphological basis is not 
sufficient, and can even lead to wrong interpretation of the treatment 
efficiency. SIRT causes a combination of early embolisation by 
obliteration of neoformed arterioles, and local beta-emitting radiation, 
which is the major component of the therapy. The radiotherapy 
effectiveness is delayed and first morphological changes such as volume 
variations or necrosis are observed about 8 to 12 weeks after treatment 
(related to the tumor absorbed dose and its radiotherapy sensitivity) [58] 
while functional and metabolic changes can occur earlier. Moreover, 
SIRT can induce intratumoral inflammation and haemorrhage and 
oedema peripheral to treated lesions, which can complicate the analysis 
by morphological criteria on contrast-enhanced imaging (CT or MRI).

The SIRT efficacy should therefore be assessed using morphological 
and functional or metabolic characteristics [59]. It must be kept in 
mind that for accurate response assessment the same imaging modality 
should be performed for both baseline and post-SIRT imaging, in 
identical and standardized conditions. 

Morphological changes: Morphological response on CT and MRI 
is classically assessed according to the RECIST criteria [60], which 
were revised in 2009 (RECIST 1.1), or to the WHO criteria [61]. Those 
criteria consist in evaluating variations of the maximal diameters of the 
lesions measured in a transverse plan, with measurement of the longest 
diameters for RECIST and of the two longest perpendicular diameters 
for WHO.

However, these criteria are criticised because of lack of sufficient 
correlation with the evolution of the metabolic activity on the FDG 
PET-CT, which is considered as a more sensitive technique in response 
assessment of secondary liver tumours, particularly if treated by loco-
regional treatments [62]. The lack of accuracy of RECIST is due to the 
development of necrotic, oedematous or hemorrhagic changes after 
SIRT, causing paradoxal increase of the dimensions in responding 
lesions. A certain amount of response is underevaluated, in particular 
in liver showing parenchyma alterations due to previous surgery, 
chemotherapy or loco-regional treatments [63,64]. On CT and MRI, 
lesions are delineated on basis of contrast gradients between tumor 
and normal parenchyma. Improved spatial resolution (<1mm) and the 
development of dedicated software have lead to isometric acquisitions, 
which permit three-dimensional reconstructions and the volumetric 
evaluation of lesions. It should be expected that this could improve the 
sensitivity of the detection of change. Nevertheless, lesion volumetric 
changes have not yet been proved to be more accurate than RECIST 
or WHO for the response assessment of liver tumours treated by SIRT 
[65]. 

Other morphological changes have been proposed for assessing 
response after vascular interventional therapies and radiofrequency 
ablation. For instance, the EASL criteria for the HCC, propose the 
assessment of response by CT or MRI four weeks after treatment 
with measurements of the diameter of viable tumour as identified 
by areas of enhancement rather than tumour size [66]. However, 
measuring areas of enhancement seems to difficult to standardize, 
leading to low reproducibility. Other morphological changes than 
tumor measurements may occur earlier and could be correlated with 
functional changes and tumor response. In 2004, Choi et al. [67] 
proposed to evaluate attenuation changes of the lesions on CECT 
for the response assessment of Gastro-Intestinal Stromal Tumours 
(GIST) after targeted therapy by imatinib mesylate, showing a better 
correlation of this parameter with the metabolic response on FDG PET, 
compared to classical RECIST criteria [67,68]. The drop of Hounsfiel 

 
 

a b c 

Figure 9: (a) Anterior image of SIRT simulation with 99mTc-MAA. Anterior 
image of SIRT during treatment acquired with an energy window: (b) [52.5 
87.5] KeV and (c) [97.0 287.4] KeV

 
Figure 10: Decay scheme of 90Y.

 

a b c

Figure 11: Registered sagital images of SIRT simulation with 99mTc-MAA 
SPECT (a), 90Y BECT (b) and PET (c).
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Units (HU) is related to the loss of lesion X-ray attenuation secondary 
to the loss of cellular density which is closely related to tumor response. 
For colorectal cancer liver metastasis, other studies demonstrated that 
the variation of density inside the lesions on CECT, with response 
defined as a ≥10% of decrease in HU compared to baseline imaging, 
correlates with the metabolic response on FDG-PET CT [69,70]. 
However, a major issue remains the delineation of the baseline and 
residual lesion volumes wherein the mean HUs should be assessed. The 
response post SIRT can be very heterogeneous within the lesion itself 
yielding a mix of responding, non-responding, fibrotic and necrotic 
tumor parts. In our experience with colorectal liver metastasis response 
evaluation post SIRT using HU based criteria is only accurate with the 
help of co-registered FDG PET-CT on which the residual viable tumor 
lesion is easily delineated. Further studies are awaited which will more 
precisely define the relative role of these HU- based methods in the 
SIRT evaluation.

Functional changes: Diffusion-weighted MRI (DW-MRI) : 
Diffusion-weighted MRI, exploring diffusion of water molecules, can 
depict early changes in the lesion environment and should therefore 
be considered as an alternative to CECT. Increased tumour tissue 
water mobility after therapy is presumed to correspond to decreased 
cellularity, cell size changes (ie, shrinkage), and compromised cell 
membrane integrity [71].

Moreover, DWI-MRI allows quantitative information by 
measurements of the ADC (Apparent Diffusion Coefficient). In 
tumours, high cellular density and oedema cause a restriction of 
diffusion of water molecules, which is expressed by lowered ADC values 
on DW-MRI. After treatment, due to hemorrhagic and necrotising 
patterns, with lyses of cellular membranes and increased extracellular 
space, water diffusion is facilitated and ADC values are increased. 
Electromagnetic gradients are applied in the 3 planes of space and 
are included in echo planar sequences. The value of these gradients is 
called “b-values” and its unit is s/mm2. At least two diffusion imaging 
acquisitions are needed for the calculation of the ADC (mm2/s), using a 
sequence without and with diffusion weighting (b=0 and b>0). 

ADC calculation can provide a diffusion mapping, but also a 
perfusion study of microvessels if a large range of b values (b = 0, 50, 
100, 150, 200, 250, 300, 500, 750 and 1,000 s/mm2) is used. If restricted 
to low be-values (<100) this method may give some information on 
tissue perfusion, while ADC calculated using the higher b-values 
(e.g. b = 500, 750, 1,000 s/mm2) shows mainly diffusion effects. The 
application of high b-values may reduce the influence of perfusion and 
may approximate true diffusion [72].

ADC values calculations, using echo planar imaging (EPI) 
sequences, may be different following to the sampling methodology 
(size of the ROI, inclusion of necrosis or not…) and the parameters 
of used sequences. Moreover, lesion location and size are potentially 
influential on the reproducibility of ADC measurement [73]. ADC 
measurements in respiratory- triggered DWI are significantly higher 
and less reproducible than in breath-hold and free-breathing DWI [74].

Diffusion changes in tumours after SIRT are quickly observed 
[75,76]. For instance, lowered ADC values are seen for HCC after 1 
month [77,78]. Recent studies on response after TACE for HCC 
showed significant ADC values changes after 1-2 weeks and even after 
24 hours, correlating with contrast enhancement reduction on MRI 
[79]. A significant increase in the ADC values following TACE in 
patients with HCC could be seen as early as 12–24 h after treatment 
in patients who were subsequently defined as responders by RECIST 

criteria [80]. However, there is still a lack of evidence of correlation 
between ADC increase and lowered tumoral marker and prolonged 
time to progression/survival. 

The most pertinent time point for DWI-MRI after SIRT is still 
not defined and will require prospective trials with measurements at 
multiple time points after SIRT and using lesion based follow up as the 
reference.

In conclusion, more studies are needed to validate the use of 
DW-MRI for the prediction of SIRT response. A major issue is that 
harmonisation and standardisation of the methodology is still evolving, 
which is a prerequisite for the technique to be used in prospective 
multicentric trials.

Metabolic and molecular changes: FDG PET-CT: Positron 
emission tomography, imaging different metabolic and molecular 
pathways of biological tissues, is gaining importance in the response 
assessment after SIRT. Advantages of the PET are its whole body 
field of view assessing the response and evolution of all hepatic and 
extra-hepatic lesions in one single imaging session, and the precocity 
of metabolic tumour changes detected after treatment application. 
Moreover, different metabolic pathways of tumour cells can be imaged, 
thanks to different radiolabelled tracers (see higher). 

The use of FDG-PET for response assessment after SIRT is based 
upon a loss of GLUT expression secondary to the treatment induced 
loss of cellularity and of cellular dysfunction.

It is generally performed at baseline (less that 2-3 weeks before 
SIRT) and at 6-8 weeks after SIRT. It is not clear whether more 
early PET response could be applied, eg. at two weeks after SIRT. 
Theoretically, this would be preferred because more rapid treatment 
adaptation would thus become possible (see also chapter on post 
treatment imaging). (Figure 12) shows an example of a FDG PET 
response measured at 6 weeks and at 3 months, indicating that at 6 
weeks the majority of response is measured.

FDG PET-CT should be systematically performed in case of highly 
glucose-avid neoplasms such as colo-rectal cancer, breast cancer 
metastasis, (ocular) melanoma and (most cases of) cholangiocarcinoma. 
For these indications, a significant decrease of the FDG uptake has been 
observed, predicting the outcome of the patients in terms of disease 
free survival [81-83].

A study performed by our group has found a significant correlation 
between the pre SIRT 99mTc-MAA uptake (which is predictive for 
the amount of activities deposited in the tumor, and, thus, for the 
tumor absorbed dose) and the FDG PET based metabolic response in 
colorectal cancer liver metastases [49].

 

a c b

Figure 12: Registered coronal image of a baseline PET (a), 6 week (b) and 3 
months (c) after SIRT. This set of images shows the intra-individual variability of 
the lesion-based metabolic responses seen after SIRT (with one lesion showing 
a non-response), and, that response at 6 weeks is almost completely similar 
than the one measured at 3 months.
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The same study was also the first to demonstrate that SIRT response 
was very variable among patients but also within the same patient 
(Figure 5). It was found that this inter- and intra-individual response 
variability was strongly depending on the lesion-based radiation 
absorbed dose, which was well enough predicted by the 99mTc-MAA 
uptake measure by SPECT-CT during the pre SIRT simulation phase. 
This strongly emphasizes the clinical need for the use of lesion-based 
response predictive models such as the predictive dosimetry based 
upon the 99mTc-MAA distribution, as discussed higher.

As mentioned before, other metabolic markers than 18F-FDG could 
be proposed for low or inconsistent FDG uptake tumours, such as Ga68-
labeled octreotide for neuroendocrine tumours or 18F-fluorocholine 
for HCC, but further studies should be conducted in order to examine 
and validate their role for response assessment. A major issue in the 
use of Ga68-labeled octreotide is the theoretical fact that after SIRT 
the tracer tumor uptake can decrease both as a result of a loss of cell 
number as due to a change in receptor expression intensity induced by 
the radiotherapy itself.
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