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Abstract Transarterial radioembolization consist in de-
livering small particles loaded with Yttrium90, a pure beta
emitter, in order to treat primary and secondary liver tu-
mors. This treatment needs precaution since inadequate
delivery of these beads can lead to severe complications.
Moreover, a precise radiation dosing is crucial to achieve a
good clinical success and to avoid complications such as
radioembolization-induced liver disease. This review de-
scribes all the precautions and highlights clinical and
technical considerations that need to be taken to avoid
complications.
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Introduction

During the last decades, several transarterial locoregional
therapies have been developed to treat liver cancer. Among
them, transarterial radioembolization (TARE) has grown
into a recognized palliative treatment option for patients
with primary or secondary liver cancers. TARE has been
initially developed in 1967 for the treatment of lung
metastases [1] and came for liver clinical application in the
90’ with the first human phase 1 escalation dose and phase
2 studies [2—4]. The concept is rather simple. The locore-
gional delivery through the hepatic artery of small particles
of 50 microns loaded with Yttrium 90 (°°Y), a pure beta
emitter, relies on the predominant arterial supply to the
liver tumors in comparison to the adjacent normal liver
who receives mainly blood flow from the portal vein [5].
Thus, high radiation dose can be delivered to the tumor and
a limited dose to the normal parenchyma. Recent studies
performed on hepatic specimens analyzed after radioem-
bolization [6] showed that most of the changes in the tumor
tissue were consistent with a direct radiation effect with a
limited immune response. Thus, in order to ensure proper
treatment delivery and prevent potential complications re-
lated to nontargeted administration, a careful pre-treatment
preparation is crucial. Dose calculation and patients’ fol-
low-up need close collaboration between oncologists, nu-
clear medicine specialists, and interventional radiologists.
The aim of this article is to give an overview of the prac-
tical issues raised by this technique and how to solve them.

Transarterial Radioembolization Overview

TARE is a two-step procedure: the preparation/simulation
phase and the treatment phase. In the former, the patient


http://crossmark.crossref.org/dialog/?doi=10.1007/s00270-015-1071-x&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00270-015-1071-x&amp;domain=pdf

A. Denys et al.: How to Prepare a Patient for Transarterial Radioembolization? 795

comes as an outpatient or is admitted overnight depending
on the centers’ preferences and resources. A simulation
angiogram is performed for two reasons. The first reason is
to identify the arterial anatomy of the liver, potential ar-
terial variants, tumor feeders, and extrahepatic branches
coming off the hepatic arteries which might require prox-
imal occlusion in order to avoid inadvertent microspheres
delivery in these territories. The second reason is to predict
the ultimate *°Y deposition. Indeed in the same angio-
graphic session, the position of the catheter that will be
used for the treatment phase is decided (selective to tumor
vasculature, segmental, lobar, or hepatic). Once the
catheter in good position, a standard dose (50-180 MBq)
of technetium-99 m-labeled macroaggregated albumin
(Tc99-MAA) is slowly injected in close collaboration with
colleagues from nuclear medicine in order to predict the
TARE setting [7]. Planar and single-photon emission
computed tomography are then obtained to measure the
hepatopulmonary shunting, identify other potential extra-
hepatic deposits of Tc99-MAA, and to determine the
captation ratio of the tumor relative to adjacent liver
parenchyma. The dose of *°Y to be delivered is then cal-
culated using a specific formula (see below chapter 6).

Once the preparation/simulation phase is completed, the
patient is rescheduled for the treatment phase (on average
1-2 weeks later) as an outpatient or for an overnight ad-
mission depending on the local expertise and regulatory
issues. During a second hepatic angiography, the catheter is
positioned in the exact position established during the
simulation phase and the liver vasculature is again verified.
Complementary embolization may be performed if needed.
Glass (TheraSphere; Nordion, Ottawa, Ontario, Canada) or
resin (SIR-Spheres; SIRTeX Medical, Lane Cove, NSW,
Australia) microspheres are then slowly injected. After the
procedure, a positron emission tomography (PET) or
bremsstrahlung SPECT is performed the same day to verify
Dy microsphere distribution in the liver [8].

The Choice of the Material

As previously mentioned, precise delineation of the arterial
anatomy and evaluation of tumor vascular supply are cri-
tical to prevent potential severe complications, particularly
in regards to the gastric, duodenum, or abdominal walls. To
achieve this goal, the catheter’s choice matters. Ideally the
catheter should be as atraumatic as possible while allowing
high-flow injection when needed to identify the vascular
anatomy and its potential variants. A special attention
should be directed toward arterial spasm which may
modify hemodynamics downstream and consequently
makes dose calculation impossible or false when using
partition model (Fig. 1).

A combination of 4 or S5F guiding catheter (cobra 2 or
simmons 1 2 shape) and 2.8F micro-catheter is recommended.
This large lumen micro-catheter allows high-flow injection at
3oreven 3.5 cc/s that cannot be achieved with smaller lumen
micro-catheters (even 2.7Fr does not allow more than 2 cc/s
injection rate even at very high PSI injection pressure). For
complex, distal embolization of small branches, a smaller
angulated 2.0F micro-catheter may be used instead, if needed.
Some authors recommend the use of a specially designed
catheter: the surefire catheter (surefire medical, Westminster,
CO, USA) which is a combination of a micro-catheter and
expendable stent that is designed to prevent reflux of beads.
This catheter has the possibility to reduce the procedure time
by alleviating the need for collateral branches embolization,
[9] (Fig. 2). It does, however, induce a significant blood
pressure reduction downstream [10]. The consequence of this
pressure change on the respective perfusion of the tumor and
liver parenchyma has not been explored to our knowledge. A
special attention to spasm and vascular damage risk along the
Surefire catheter is also crucial.

How to Solve Anatomical Variants of the Hepatic
Arteries?

Conventional anatomy is only encountered in 60 % of pa-
tients with a single hepatic artery vascularizing the whole
liver originating from the celiac trunk. This means that in
40 % at least two different arteries vascularize the liver [11].
The most common variants are the so-called replaced right
hepatic artery coming off the superior mesenteric artery
(SMA) and the replaced left hepatic artery coming from the
left gastric artery. If a patient has bilobar tumors and mul-
tiple hepatic arteries, there are two options. The first option
is to redistribute the blood flow in order to have the whole
liver vascularized by only one artery like for intra-arterial
chemotherapy [12, 13]. In a previous work published by
Laenstein et al. flow redistribution allowed for the admin-
istration of particles in both lobes in a similar way in 24/27
patients [12]. Bilbao et al. looked at the same criteria in a
similar group of 24 patients [13]. In their study, the distri-
bution of Tc99-MAA was identical in both parts of the liver
in only 66.6 % of the patients. This means that a reduced
dose is probably delivered in the redistributed part of the
liver, but this did not translate in a reduced response rate to
treatment in most cases (23/24 patients). One must also be
aware that this technique of redistribution must be carefully
done. Obstruction of the redistributed branch must be
proximal to allow for the development of collateral
branches, but any extrahepatic branch left patent distally to
this occlusion will be hardly accessible in the future. This
may not only preclude TARE in this territory but in the
whole liver from the patent arteries (Fig. 3).
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Fig. 1 72-year-old man with known uveal melanoma metastatic to
the liver. A Initially, a replaced right hepatic artery was selected using
a 5F Simmons 2 catheter followed by an angiography. Spasm at the
origin of the artery is identified (white arrow). B Macroaggregated
albumin (MAA) SPECT/CT showed that MAA particles were mainly
delivered to the anterior sector of the right liver. C Repeated

In our practice, if the patient has 2 or 3 hepatic arteries, we
prefer to perform TARE through each single one of them in
order to keep all future options opened rather than redis-
tributing blood flow. This makes the procedure more com-
plex notably since radiation dose has to be calculated for
each artery.

How to Solve Tumor Feeding from Parasiting Arteries?

Parasitized extrahepatic artery is defined by a flow to a
hepatic tumor coming from an extrahepatic artery usually
feeding adjacent structures. This is a frequent feature re-
ported in up to 37 % of cases when carefully searched by
physicians. The most frequent one is the inferior phrenic
artery [14] taking part of the vascularization of right-sided
liver tumors. Other branches can also participate such as
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angiography was performed with the use of a SF Cobra as a guiding
catheter in combination with a flexible 2.4F micro-catheter with
subsequent injection of Tc99-MAA. D The new MAA SPECT/CT
showed an excellent tumor to liver ratio both in the anterior and
posterior right liver sectors

intercostal, omental, and internal mammary arteries. These
branches must be recognized before treatment. One way to
identify a parasiting artery is to perform an arterial CT or a
cone-beam CT with direct injection of contrast medium into
the hepatic artery at the beginning of the procedure. Such
techniques are useful in tumors located close to the hepatic
dome or to the falciform ligament. By doing so it may be
identified that part or most of the tumor vascular supply does
actually not come from the hepatic artery itself. Two dif-
ferent solutions have been proposed by some authors. One is
to embolize those parasiting arteries before TARE using
particles and coils as proposed by Abdelmaksoud et al. [15].
This group demonstrated that the territory previously fed by
the parasiting artery was re-perfused after TARE through
intrahepatic or intratumoral collaterals by the hepatic artery
in 96 % of territories demonstrated on MAA scintigraphy
[15]. Although we may assume that this redistribution will
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induce a homogenous distribution of microspheres in the
tumor, this has never been demonstrated. The second solu-
tion is to perform TARE from these arteries when possible.
Burgmans et al. recently demonstrated that TARE from the
right inferior phrenic artery was feasible without complica-
tions or nontarget embolization [14]. In our practice, we have
adopted the technique reported by Abdelmaksoud et al. [15]
because of its simplicity. However, when facing complex
situations, this technique might not be suitable. In post-
operative patients, multiple adhesions between the liver
and adjacent organs can occur. Parasiting arteries coming
from the intestines (e.g., ileal or colic branches) may be
tricky to deal with, particularly when multiple small
branches vascularize the liver surface.

How to Embolize Extrahepatic Branches of the Hepatic
Artery?

The embolization of extrahepatic branches remains a de-
bated subject that is clearly related to the risk of delivering
radioactive beads in digestive or pancreatic branches. This
question posed for every single patient cannot be answered
easily. The basics are that if there is a branch feeding an
extrahepatic territory downstream of the final catheter po-
sition for beads injection, this branch must be embolized.
This is particularly true for the right gastric artery which
origin is usually located distally to the gastro-duodenal
artery (GDA) [16]. The right gastric artery can be accessed
both from the hepatic branches with a direct access along
the arterial flow or in retrograde approach from the left
gastric artery through the small curvature arcade of the
stomach [17]. In our experience, although technically
challenging, this latter approach is much less risky avoiding
potential hepatic artery dissection during manipulation. The
final position of the micro-catheter must be as close as
possible to the hepatic artery in order to place the coil ex-
actly at origin of the right gastric artery. Due to the small
diameter of this small curvature arterial arcade, a 2.0F mi-
cro-catheter might be necessary to reach the hepatic side of
the arcade from a left gastric artery approach. We also inject
vasodilatator in the left gastric artery when starting the
catheterization in order to avoid spasm in the small curva-
ture arcade which may already have per se a very small
diameter. This branch must be recognized in every case,
otherwise extensive necrosis of the gastric wall may occur
[18] (Fig. 4). Prophylactic embolization of the GDA is
much more debated. At the beginning of TARE experience,
this artery was embolized in every single case. The problem
that appeared is that small collaterals from the hepatic artery
usually in the liver hilum feeding the pancreatico-duodenal
artery territory may increase in size between the

<<< || SUREFIRE

Fig. 2 57-year-old man with known uveal melanoma metastatic to
the liver undergoing his first session of radioembolization to the right
lobe. A Selective angiogram performed through the left gastric artery
showed a tiny network of collaterals connecting the left gastric artery
to small supraduodenal arteries (white arrow) originating at the
hepatic artery bifurcation that developed after embolization of the
GDA and right gastric artery in the preparation phase. These arteries
could not be catheterized selectively from the left gastric artery nor
the hepatic bifurcation. B A surefire catheter is deployed downstream
of these branches to safely deliver the MAA particles. C SPECT/CT
showed a distribution of the MAA in the right lobe without any
captation of the gastric or duodenal wall

@ Springer
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Fig. 3 66-year-old man with colon cancer and bilobar liver metas-
tases selected for radioembolization. A Celiac angiogram shows a
replaced left hepatic artery coming off the left gastric artery (white
arrowhead) and a common hepatic artery (white arrow) of small size
feeding segment 4. B Because of the small size of this common
hepatic artery, it was embolized proximally using coils (white arrow).
C Superior mesenteric angiography showed a large replaced right

preparation/simulation phase and the treatment session.
These tiny branches are hardly embolized without risk and
prolong the procedure time [19]. Also, these branches may
be so small that precise coil embolization is impossible and
other embolic agent, such as glue, must be used [20].
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hepatic artery feeding the segments 5-8 of the liver. D After injection
of Tc99-MAA alternatively in the replaced right and left hepatic
arteries 2 h later, multiplanar reconstructions of the liver showed
excellent distribution of MAA in the right segments (5-8) and in the
left lobe (2-3) without Tc99-MAA activity in segment 4 due to
previous coil embolization of the common hepatic artery and poor
collateralization from either the right or left lobe arteries

Although this phenomenon is rarely observed (less than 10
cases out of 543 sessions in the Samuelson series), when
present makes the TARE procedure much more complex
[20]. More recently, Hamoui et al. demonstrated that em-
bolization of the GDA is not mandatory as long as a
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Fig. 4 45-year-old man with rectal cancer and bilobar liver metas-
tases selected for radioembolization as a salvage therapy. A Celiac
angiogram identified a very small right gastric artery coming off the
arterial hepatic bifurcation (small arrows). B Selective left gastric
angiogram showed the small curvature arcade connecting with the

distance of 2 cm is observed between this artery and the
catheter in his final position for treatment delivery [16].
This is particularly true when using Therasphere particles
which are less numerous and therefore less embolic
minimizing the risk of reflux. In a recently published work,
Lam et al. reviewed the causes of gastro-duodenal ul-
ceration in a 247 cases series and found that stasis observed
during TARE was the most significant risk factor [21].

A special attention must be paid to a rare anatomic
variation of the gastro-hepatic arterial arcade: this variant
consists in the vascularization of part of the stomach by the
left hepatic artery through small branches passing through
the ligamentum venosum. These branches are recognized
by the fact that they do not give side branches until
reaching the stomach unlike hepatic branches rapidly di-
viding in parenchymatous side branches (Fig. 5). A cone-
beam CT injection may also be helpful to demonstrate the
anatomy.

Embolization of the cystic artery remains controversial.
In order to prevent radiation cholecystitis, some authors

right gastric artery (bold arrow). C Selective angiogram using a 2.0F
micro-catheter showed filling of the hepatic artery. D Selective
angiogram confirmed the occlusion of origin of the right gastric artery
after embolization with 0.018 in microcoils using a retrograde
approach

recommend the use of proximal cystic artery embolization
either using coils or large pledgets of gelfoam. Interest-
ingly, in this study, nearly 50 % of their 46 patients had
either recanalization or collateralization of the cystic artery
at 1 month [22] (Fig. 6). This clearly raises doubts on the
benefit of such procedure for a complication (i.e., radiation
cholecystitis) reported in less than 1 % of patients [23]. In
our center, attention is paid not to place the catheter in front
of the origin of the cystic artery in order to minimize the
risk of combined ischemic and radiation-induced injury.
And in all other cases, the cystic artery is left patent.
Falciform artery embolization is also a debated issue.
This small artery feeding the faciform and round ligament
up the anterior abdominal wall is sometimes recognized on
angiogram with its characteristic course in the direction of
the umbilicus and on Tc99-MAA SPECT/CT. The pres-
ence of this artery was recognized in a large series (224
procedures) in 9.3 % of cases [24]. The same group did not
take any prophylactic measure to prevent skin complica-
tions and actually did not observe any. Although rarely
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«Fig. 5 53-year-old man with neuroendocrine tumor and liver metas-

tases selected for radioembolization as a salvage therapy. A Celiac
angiogram showed a tiny branch coming off the left hepatic artery
with a horizontal course (small white arrowhead). B Selective
catheterization of this artery followed by angiography showed that
was supplying the small curvature arcade giving multiple gastric
branches (black arrow). Note that side branches were only visible
coming off this small artery when leaving the ligamentum venosum.
C After coil embolization, no gastric branches are visible during left
hepatic arteriogram

Fig. 6 A 57-year-old patient has multiple liver metastases from
colorectal cancer in the right lobe of the liver. Due to insufficient
growth of the left hepatic lobe after right portal embolization, a right
hemihepatectomy was cancelled and TARE procedure of the right
lobe decided. A Note that the left hepatic branch (arrow head) origin
is upstream of the gastroduodenal artery (bold arrow). B After
proximal embolization of the cystic and of the gastroduodenal artery,
we observe an enlarged arterial network of very small arteries feeding
the cystic wall and probably the choledochus

Table 1 Reduction in the prescribed activity of *°Y resin micro-
spheres to ensure safety of the lungs

Percent lung shunting Activity of SIR-spheres microspheres
<10 % Deliver full amount of SIR-spheres
10-15 % Reduce amount of SIR-spheres by 20 %
15-20 % Reduce amount of SIR-spheres by 40 %
>20 % Do not give SIR-spheres microspheres

According to the manufacturer instructions [41]
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Table 2 Properties of commercially available **Y microspheres medical devices

Description item

SIR-spheres””

TheraSphere"®

Sphere material

Resin with bound yttrium

Glass with yttrium in matrix

Sphere diameter (um) 20-60 20-30

Activity in single vial (GBq) 3 3,5,7, 10, 15, 20
Number of spheres per vial 40-80 x 10° 1.2-8 x 10°

Density (g/cm3) 1.6 3.29

Assumed activity per sphere (Bq) 50 2500

Shelf life 24 h after calibration 12 days after calibration
%Y half-life 2.67 days 2.67 days

Modified from the recommendations of the American Association of Physicists in Medicine [42]

observed, severe cases of skin necrosis have been reported
when no preventive measures were taken [25, 26]. This
artery can be embolized but its catheterization is not al-
ways easy and carries the risk of arterial spasm or dissec-
tion. A straight forward solution is to place topical ice
around the umbilicus during treatment in order to induce
locoregional vasoconstriction of the skin arteries. This
simple method avoids complex catheterization and seems
efficient in a limited series of 14 patients recently described
by Wang et al. [27]. We have endorsed this technique, but
we have to emphasize that the skin territory fed by this
artery is variable in size and shape around the umbilicus.
Topical ice placement should cover precisely those
territories.

How to Optimize Dose Calculation?

Simulation study with Tc99-MAA injection is used to
calculate the delivered dose [28]. Anatomic distribution of
tumor as well as the functional capacity (limited hepatic
reserve due to cirrhosis, previous chemoembolization, ex-
posure to systemic chemotherapy or biologic agents, etc.),
whole liver, unilobar, or segmental approaches must be
taken into consideration.

Irrespective of the location of Tc99-MAA injection
(between 50 and 180 MBq depending on the injected liver
volume), it is imperative that the MAA being delivered
with flow rates and catheter position that mimic the an-
ticipated *°Y infusion rate.

Scintigraphy should be performed within 1 h of injec-
tion of Tc99-MAA to prevent false-positive extrahepatic
activity due to free technetium (administration of thyroid
blocking agent such as 400-600 mg perchlorate is recom-
mended). Whole-body planar scintigraphy and hepatic
SPECT/CT imaging are performed to calculate the lung
shunt fraction (i.e., percentage of MAA going to the lung),
to exclude any extrahepatic deposition in the duodenum or
stomach, and to depict intrahepatic radiopharmaceutical

distribution (ratio of MAA going to the tumor vs normal
liver). At low radiation dose levels, the amount of radiation
shunted to the lung is acceptable: less than 20 % of lung
shunting for SIR-Spheres (the amount of *°Y should be
reduced if the percentage of lung shunting is greater than
10 %, see Table 1), and less than 30 Gy for TheraSphere.
Radiation damage to the lungs is cumulative, so repeated
use of microspheres may lead to radiation pneumonitis
(maximal cumulative dose to lungs: 50 Gy).

SPECT/CT images are analyzed to verify the corre-
spondence between the lesions documented by CT, MRI or
PET/CT, and regions with high Tc99-MAA uptake, to
evaluate the tumor to non-tumor ratio (T/N) for the most
representative lesions and for volumetric purposes (tumor
and nontumoral volumes). In case of poor correlation with
lesions due to technical problems, such as, for example, a
preferential blood flow due to the catheter position in the
artery, the simulation study may be repeated.

The dosimetry calculation depends on the beads to be
injected. The microspheres are loaded with the same high-
energy PB-emitter radioisotope °°Y, having optimal char-
acteristics for therapy (half-life: 64.2 h; average energy:
0.93 MeV; maximum and mean penetration ranges in soft
tissue: 11 and 4 mm, respectively) [29]. Currently, two
“OY-microsphere products are available commercially
worldwide: one is composed of *°Y-doped resin (SIR-
Spheres¥®; Sirtex Medical Limited, North Sydney, Aus-
tralia) and the other one incorporates *°Y in a glass matrix
(TheraSphereVR; Nordion Inc., Ottawa, Canada) (Table 2).

The activity planning methods and dose toxicity for
TARE differ fundamentally from those for external beam
radiotherapy, or point source brachytherapy. Although one
activity calculation method has been proposed for *°Y glass
microspheres, three alternatives exist for resin micro-
spheres. Recommendations in liver lobar TARE are dif-
ferent in terms of maximum tolerable liver absorbed dose
according to the medical device: less than 70 Gy when
using resin microspheres [28] and less than 120 Gy with
glass microspheres [30].
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Table 3 Risk factors for REILD

Total bilirubin level >1.2 mg/dL or > 20 pmol/L, especially if
cirrhosis

Whole-liver treatment
Activity higher than 0.8 GBq/L of targeted liver

Previous and/or subsequent (<2 months) intravenous or intra-
arterial chemotherapy, especially if no cirrhosis

Small liver volume (<1.5 L) or huge tumor involvement (<70 %
of the liver)

High dose delivered to the targeted liver (=150 Gy) or to the
nontumoral liver (>52 Gy? >37 Gy?)

Young people (<45 year)

Sequential lobar treatment if repeated with an interval of less than
6 weeks

%Y Resin Microsphere SIR-Spheres

The so-called “empiric method” recommends a standard
amount of activity, which is varied only according to the
size of the tumor within the liver. It requires CT scan or MRI
to estimate the liver and tumor sizes. This model has sug-
gested administration of 2.0 GBq for <25 % of tumor in-
volvement of the liver, 2.5 GBq for 25-50 % of tumor
involvement, and 3.0 GBq for >50 % of tumor involvement.
This method is actually not recommended due to a high rate
of toxicity [28]. Kennedy et al. [31] reported 4 % of ra-
diation-induced liver disease (RILD) after TARE, 75 % of
them from one center, which used the empiric method.

The body surface area (BSA) is the most widely used
method. It is a variant of the empiric model where im-
planted activity is adjusted according to the size of the
tumor within the liver and the size of the patient. This
model assumes that the size of each patient’s liver corre-
lates with the BSA. This calculation requires the liver and
tumor volume from the CT scan or MRIL

Activity (GBq) for a whole-liver treatment
= (BSA — 0.2)+ [volume of tumor/(volume of tumor
+ volume of nontumoral liver)].

The BSA method determines the maximum activity that
can safely be implanted subject to the limitations imposed
by lung shunting and maximum tolerable dose to the
normal liver. It is simple and user friendly, and
recommended for use in sub-centimeter tumors or tumors
with ill-defined margins, by visual estimation of the overall
tumor burden. However, it provides no information about
actual dosimetry to tumor and normal or nontumoral liver,
artificially limits the injected *°Y activity between 1.0 and
3.0 GBq and may cause over- or under-treatment in
selected patients [32].

The Partition Model [32] can only be used where the
tumor mass is localized in a discrete area within the liver

@ Springer

and the tumor can be drawn as an “area-of-interest” on a
SPECT camera image.

Activity (GBq)= [DLiver(Gy)
X ((T/N Mrumor) + MLiver)]/[49670(1 — L/100)],

with L = the percentage lung T = tumor,
N = normal liver, M = mass.

This model is more complex with less historical clinical
data as compared to the BSA method. However, it allows
personalized dosimetry with a greater physician control
over radiation doses (Gy) to lung, liver and tumor com-
partments, and no theoretical limit to the *°Y- activity to be
injected. The desired *°Y activity in cases of high hep-
atopulmonary shunting is adjusted on the basis of predicted

lung radiation dose (Gy) [32].

shunting,

Y Glass Microspheres TheraSphere

The dosimetry recommended by the manufacturer is based
on the MIRD (Medical Internal Radiation Dosimetry)
model, assuming homogeneous activity distribution in the
liver, tumor, and lung (if any shunting occurs). Activity
calculation requires the patient’s perfused liver mass (lobar
or segmental) and the nominal target dose.

Activity (GBq) = Dose (Gy)
x Perfused liver mass (kg)/50 x [1 — F],

with F = lung fraction as measured by Tc99-MAA.

The nominal target dose is the mean dose we aim to
deliver to the injected liver volume, without taking in
consideration the tumoral to nontumoral ratio. The common
goal of glass microsphere TARE is to deliver a radiation
dose of 80-150 Gy to the injected liver volume. Some au-
thors as well as our group are using the partition model for
Theraphere. This partition model provides the information
of the dose delivered to the tumor. In a preliminary study,
Garin et al. demonstrated that a dose above 205 Gy deliv-
ered to the tumor allowed achieving a good efficacy with a
median overall survival reaching 24.5 months (95 % CI
12-28.7 months) for hepatocellular carcinoma patients with
segmental or lobar portal vein thrombosis [7, 33]. This is the
first publication establishing a threshold of activity deliv-
ered to the tumor as a prognostic factor, and this is only
feasible using the partition model.

The main difference between glass and resin micro-
spheres is the amount of activity per sphere, which corre-
lates with a lower number of glass microspheres per GBq
(1.2 x 10°/3 GBq), compared with that of resin micro-
spheres (6 x 107/3 GBq). As a result, the biologic effect
and then the toxicity per Gy are lower for glass micro-
spheres [34]. This is probably due to more homogenous
distribution of resin microspheres and physical
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embolization effect. In our experience, the higher number
of resin microspheres can limit the implantation of the
whole prescribed activity of *°Y (back flow, abdominal
pain) in case of small tumors, particularly for uveal me-
lanoma and neuroendocrine liver metastasis.

How to Avoid Radioembolization Liver Insufficiency?

The concept of radioembolization-induced liver disease
(REILD) has initially been reported in 2008 by Sangro
et al. [35] after having observed in 9 of 45 (20 %) con-
secutive patients (without chronic liver disease) a liver
toxicity comparable to that previously observed after ex-
ternal beam radiation (called : RILD = anicteric ascites)
and after whole-body irradiation combined with ablative
dose of chemotherapy (call combined modality-induced
liver disease: CMILD = ascites and jaundice). Those pa-
tients developed a clinical picture characterized by jaun-
dice and ascites appearing 1-3 months after TARE in the
absence of tumor progression or bile duct dilatation. Liver
function tests showed an increase in total bilirubin (>
3 mg/dL or >50 pmol/L) in all cases, a rising alkaline
phosphatase and gamma-glutamyl transpeptidase levels
and no changes in transaminases levels.

The pathological features of REILD are as for RILD, a
complete obliteration of central veins, sublobular veins, and
centrilobular sinusoids lumina by erythrocytes trapped in a
network of reticulin and collagen, as well as congestion in
peri-portal areas. These lesions lead to the hypoxic death of
centrilobular hepatocytes. These features defined the veno-
occlusive disease (VOD). The formation of clots in the central
veins and in the hepatic sinusoids could be due to a hyper-
coagulable state secondary to radiation-related injury to the
sinusoidal endothelial cells. After approximately 4 months,
the congestion resolves and the liver heals gradually; rarely
fatal issues related to REILD have been reported [36]. In
metastatic patients, this liver injury might also be due to
previous lines of chemotherapy which sometimes lead to a
sinusoidal obstructive syndrome (SOS) such as with oxali-
platin. The hallmark of SOS is the predominance of sinusoidal
injuries (dilatation and engorgement) with subsequent
necrosis of peri-venular hepatocytes [36]. In the landmark
paper by Sangro et al. [35], the incidence of REILD was 20 %
in patients without chronic liver disease. The update from the
same team published in 2013 [37] combining the data of 260
patients showed a decrease of REILD from 22.7 to 5.4 %,
secondary to changes in the treatment design and in the pro-
cess of activity calculation. In 2009, Kennedy et al. [31],
reported the outcomes of 515 patients (680 TARE) treated in
16 centers across the United States and Europe. REILD was
diagnosed in 4 % of the patients. Same numbers were re-
ported by Lam et al. [38] in a series of 247 patients. In this last

report, the incidence raised to 25 % for patients treated with
repeated TARE to the same target volume.

Numerous risk factors associated with REILD have been
described. The more frequently reported ones are listed in
Table 3. Fewer data are available concerning REILD after
TARE with glass microspheres but the incidence (4 %) and
risk factors appear to be comparable [31, 37]. Most of the
published papers reporting REILD were based on data ob-
tained with resin microspheres. The higher number of resin
microspheres needed to be injected for the same activity
regarding glass microspheres could impact the hepatic ar-
terial blood flow and consecutively the incidence of the
REILD. The main risk factors are linked to the ability of the
remnant or nontumoral liver to tolerate the treatment, and to
the activity injected. Indeed, parameters associated with
liver function such as the degree of cholestasis, the liver
volume (after surgery or the percentage of tumor replace-
ment before surgery), and the type of previous treatment
(intravenous or intra-arterial chemotherapy) appear to be
strong predictive factors of the risk of REILD.

The first way to avoid REILD is to limit the prescription
of TARE to multidisciplinary teams in tertiary centers
working with experienced interventional radiologists and
nuclear medicine specialists. The second way to avoid this
life-threatening complication is to strictly respect the
contra-indications of TARE especially, an elevated total
bilirubin value at baseline (higher than 1.5 the normal
value or >2 mg/dL). The third way is to take into account
the known risk factors by:

— avoiding whole-liver treatment and sparing as much
liver as possible by sequential treatment with super-
selective catheterization [37] and an interval of
6 weeks between two procedures, especially for non-
cirrhotic patients [39].

— waiting for a 2-month chemotherapy-free interval after
TARE in case of salvage approach [37].

— adapting the administered activity to the patient
situation including non treated liver volume after
TARE, as well as liver status (post-chemotherapy,
cirrhosis): not more than 150 Gy if small remnant liver,
important tumor involvement (>70 %) or heavily
pretreated liver [31].

— avoiding repeated TARE of the same targeted liver
volume [40].

— preferring TARE to chemoembolization or intra-arteri-
al chemotherapy as initial therapy [39].

The role of the methods of radiation activity calculation
(empiric, BSA or partition model) as a risk factor of
REILD is still debated. Sangro et al. [37] showed that
using the BSA method for whole-liver treatment and the
partition model for selective treatment may lead to a de-
creased incidence of REILD. Salem et al. assumed that the
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BSA method instead of the empiric one enhances patient
safety [31].

Several pharmacologic approaches have been assessed
in order to prevent the REILD. Sangro et al. [37] suggested
that taking ursodesoxycholic acid (300 mg bid for
2 months) in association with methyl-prednisolone (8 mg
per day 1 month and 4 mg once a day another month)
starting the day of TARE could decrease the incidence and
the severity of REILD. This approach as well as the pre-
scription of low dose heparin or pentoxyfylline or defi-
brotide needs to be validated prospectively. It appears
essential to mention that not all jaundice with ascites after
TARE are REILD. Indeed, especially in the setting of
cirrhotic patients, jaundice, ascites as well as high value of
total bilirubin, alkaline phosphatase, and gamma-glutamyl
transpeptidase can also be due to the evolution of the un-
derlying liver disease even after TARE.

There is no defined treatment of REILD in the literature.
Supportive medications like diurectics and symptomatic
care are often proposed, Corticoids can also be used but
there is no data supporting any efficacy of this option.

Conclusion

TARE is a complex procedure that necessitates the com-
bined expertise of interventional radiologists, nuclear
medicine specialists, and oncologists. The pre-treatment
strategy is of crucial importance both to avoid complica-
tions and to deliver a maximal dose to the tumor sparing
liver parenchyma.
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