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Introduction

Surgical resection is the most effective method
for improving survival in patients with colorectal
liver metastasis (CLM). However, many patients
are deemed unsuitable for liver resection, both at
initial manifestation and/or at recurrence [1]. For
these patients, the standard of care is systemic
treatment with chemotherapy and/or molecular
target agents. Eventually, the majority of patients
will progress in the liver unless surgically
resected, and there remains a high demand for
effective treatments in chemo-refractory patients
[2]. For these reasons, loco-regional liver thera-
pies are increasingly being employed for the pur-
poses of downstaging for subsequent resection,
as an adjunct to improve resectability, and for
improving palliative results [1, 2].

Over the last few decades, a number of intra-
arterial liver-directed therapies for targeted treat-
ment of CLM have been developed. These
therapies are based on the principle that the
majority of the blood supply to the liver tumors is
originated from the hepatic artery, as opposed to
the portal venous system that supplies the
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non-tumor liver parenchyma. The most widely
used intra-arterial therapies for CLM are hepatic
arterial infusion chemotherapy, transarterial che-
moembolization, and radioembolization with
yttrium-90 microspheres [2].

Radioembolization represents a valuable treat-
ment option that is increasingly being considered
as part of a multimodal treatment approach for the
management of liver tumors. Yttrium-90 can
deliver high cumulative doses of radiation prefer-
entially to liver tumors, and has shown encourag-
ing response rates with an excellent tolerance
profile [3]. Indeed, accumulating evidence sup-
ports the safety and efficacy of this intra-arterial
liver-directed treatment for the management of
hepatic tumors in patients in whom the liver is the
sole or dominant site of disease [3-6].

In this chapter we shall discuss the rationale,
benefits, and limitations of radioembolization with
yttrium-90 microspheres in the treatment of CLM.

Principles and Technique
of Radioembolization

Radioembolization (RE) is defined as the intra-
arterial delivery of micron-sized radioisotope-
tagged particles that preferentially and
permanently embed in tumor as opposed to nor-
mal tissue [3]. In the literature, this treatment is
also named as selective internal radiation therapy
or intra-arterial microsphere brachytherapy.
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The aim of RE is to selectively target a high
radiation dose to all metastasis within the liver
regardless of their location, while limiting radia-
tion to non-tumour liver parenchyma within tol-
erable levels. The preferential intra-arterial
deposition of microspheres carrying a high-
energy radiation source into the tumor capillary
bed provides a tumoricidal dose of radiation
(>120 Gy) that is absorbed over a limited time [3,
4]. The most commonly used radiopharmaceuti-
cal (high-energy radiation source) in the setting
of RE is Yttrium-90 (Y90), a pure B-emitter with
mean liver tissue penetration of 2.5 mm (maxi-
mum 11 mm). Given the short half-life of Y90 of
64 h, approximately 95% of the radiation dose is
delivered within 11 days from treatment adminis-
tration [3-5].

The preferential delivery of Y90 microspheres
to liver tumors is based on several anatomic and
pathologic factors that are unique to the liver and
hepatic solid tumors, and follows the rationale of
all modalities of intra-arterial liver therapies. It
has long been established that normal liver paren-
chyma derives approximately 80% of its blood
from the portal vein, whereas macroscopic liver
tumors derive almost 100% of their blood supply
from the hepatic artery [1, 2]. In addition, there is
an increased microvascular density up to 20:1
ratio in liver tumors compared with normal liver
parenchyma [1-4].

The size of the microspheres is critical to opti-
mal implantation in the tumor vascular bed. To be
effective, Y90 microspheres must be deposited
within the network of tumor vessels (tumor capil-
lary bed). As the median penetration of Y90 is
2.5 mm, any microsphere situated within the

afferent tumor vessels, more than that distance
from the tumor would probably not have a direct
antitumor effect [3]. For this reason, the micro-
spheres currently used for RE are small enough
(average 32 pm) to allow optimal access and
deposition within the tumor plexus, but large
enough to prevent systemic passage through the
capillary bed into the venous circulation [1].

The RE-Y90 procedure is performed in an angi-
ographic suite provided with cone beam computed
tomography (CBCT) under local anaesthesia, per-
cutaneous femoral puncture, and on outpatient
basis. It is a two-step procedure performed in 2—4
weeks interval: the preparation/simulation phase
and the treatment phase [2, 7]. In the former, a liver
arterial angiogram is performed to identify the arte-
rial anatomy of the liver, potential arterial variants,
tumor feeders, and extrahepatic branches coming
off the hepatic arteries, which might require proxi-
mal coil embolization in this session in order to
avoid Y90 microsphere delivery in these territories
during the treatment phase [7]. The right gastric
artery, and sometimes the falciform artery, should
be coiled when left or medial lobe treatment is
foreseen during the treatment phase. The gastro-
duodenal artery and cystic artery embolization is
controversial when a right lobe treatment is fore-
seen, but it is highly recommended to deposit the
injection catheter beyond its origins. The main con-
cept is to avoid or otherwise embolize any arterial
branch supplying an extrahepatic territory down-
stream of the final catheter position for microsphere
injection [5, 7] (Fig. 9.1). In the same angiographic
session, once the position of the catheter that will
be used for the treatment phase is decided, a stan-
dard dose of technetium-99m-labeled macro

Fig. 9.1 Fifty-two-year-old male with recurrent CLM in
the left lobe (liver resection was performed 4 years ear-
lier) with liver progression despite three lines of chemo-
therapy. (a) Gadolinium-enhanced MRI. (b) PET-CT. (¢)
Hepatic angiogram at preparation phase shows tumor
enhancement (dotted circle). Notice the right gastric
(arrow), gastroduodenal (arrowhead) and falciform (dou-
ble arrow) arteries. (d) Hepatic angiogram after gastro-
duodenal coil embolization (arrowhead). (e) Left hepatic
angiogram clearly depicts the right gastric artery (arrow)

»
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supplying the lesser stomach curvature. (f) Left hepatic
angiogram after right gastric artery coil embolization
(arrow). Notice that the stomach is no longer supplied. (g)
Selective angiogram of left hepatic artery (LHA) before
Y90 infusion*. (h) Selective angiogram of middle hepatic
artery (MHA) before Y90 infusion. (i) Follow-up PET-CT
at 6 months after RE-Y90 showing complete response (no
hyper metabolic activity) and calcification at the treatment
site. *An ice pack was placed on the umbilical skin to
induce flow arrest of distal falciform vessels (not shown)
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Fig. 9.1 (continued)

aggregated albumin (Tc99-MAA) is injected to
check the distribution of the radio isotopic agent,
simulating exactly what would be done in the sec-
ond procedure. Planar and single-photon emission
computed tomography are immediately obtained to
identify potential extrahepatic deposits of Tc99-
MAA, measure the lung shunt fraction (LSF), and
to determine the intake ratio of the tumor relative to
adjacent liver parenchyma. Once extrahepatic
deposits of Tc99-MAA and a high LSF are ruled
out, the dose of Y 90 to be delivered at the treat-
ment phase is then calculated using a specific for-
mula. Once the preparation/simulation phase is
completed, the patient is rescheduled for the treat-
ment phase (on average 2—4 weeks later) again as
an outpatient (Fig. 9.2).

In the treatment phase, a new hepatic angio-
gram performed from the catheter is positioned
in the exact position established during the simu-
lation phase, and the liver vasculature is again
verified in order to check the stability of the pre-
vious embolization of extrahepatic arteries and to
rule out any new extrahepatic supply, preferen-
tially using CBCT. Although uncommon, supple-
mentary embolization may be performed if
needed. In this session the Y90 microspheres are
then slowly injected, mimicking the injection of
Tc99-MAA at the simulation phase. The same
day, before leaving hospital, a positron emission
tomography (PET) or bremsstrahlung nuclear
imaging is performed to check the intra arterial
injected Y90 distribution.
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Fig. 9.2 Seventy-eight-year-old male with recurrent iso-
lated CLM in segment VIII despite previous surgery and
two lines of chemotherapy. (a) T2-weighted MRI. (b)
Gadolinium-enhanced MRI. (¢) PET-CT. (d) Selective
angiography of segment V and VIII shows tumor enhance-
ment (circle). (e) Intra-arterial CBCT confirms tumor
enhancement in segment VIII (dotted circle). (f) MAA
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tumor uptake at SPECT-CT confirming correct catheter
position for treatment. (g) T2-weighted MRI. (h)
Gadolinium enhanced MRI at 3-month follow-up after
RE-Y90 shows treatment response by tumor lack of
enhancement and shrinkage (arrows). (i, j) Follow-up
contrast-enhanced CT at 15 months confirms complete
tumor response
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Fig. 9.2 (continued)
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Fig. 9.2 (continued)

Indications, Contraindications,
and Patient Selection

RE-Y90 in CLM is reserved for patients that are
not candidates for surgical resection. A Consensus
Panel Report by the Radioembolization
Brachytherapy Oncology Consortium provides
detailed guidelines for RE-Y90 eligibility and
patient selection [3]. Main indications of RE-Y90
are suited in different clinical settings such as
failed first- or second-line systemic chemothera-
peutic regimens, salvage or palliative treatment
and neoadjuvant therapy prior to surgical resec-
tion [2, 3, 6, 8]. Recent publications showed
promising results of RE-Y90 in earlier metastatic
disease associated with induction and mainte-
nance chemotherapy, including level 1 evidence
of better liver progression-free survival (PFS)
when FOLFOX was associated to RE as first-line
treatment [9, 10].

The best candidates for RE are patients with
unresectable liver-only or liver-dominant tumor

burden, preserved liver function, and good gen-
eral clinical status [6]. Therefore, pre-treatment
evaluation includes not only a clinical and labo-
ratory check-up but also imaging studies, includ-
ing a chest CT together with a three-phase MDCT
and/or gadolinium-enhanced MRI of the liver,
not only for assessment of liver tumor burden but
to rule out or measure extrahepatic disease. A
whole-body FDG-PET/CT may contribute to
decision-making due to its high sensitivity for
intrahepatic and extrahepatic tumor. Furthermore,
therapy-response assessment is more accurate if
a metabolic imaging has been performed before
the RE-Y90, as well as MDCT or MRI.

In patients with excessive tumor burden and/
or limited hepatic reserve, demonstrated by ele-
vated levels of bilirubin (>3 mg/dl), elevated liver
enzymes (AST/ALT 5 x upper normal limit),
altered INR (>1.6), or reduced serum albumin
(<3 g/dl), RE is contraindicated because of the
risk of developing radiation-induced liver failure
[3-8]. Patients with poor clinical condition
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(Eastern Cooperative Oncology Group: ECOG
>2) are also at a higher risk of developing severe
side—effects, and treatment outcome is usually
worse; therefore, the indication of RE is ques-
tionable in this clinical situation [3-8].

As in any other intra-arterial liver-directed
therapy, the renal function and the biliary integrity
should be monitored before treatment. Renal
function impairment is a relative contraindication
because of the use of iodine contrast media neces-
sary to perform the diagnostic and therapeutic
angiogram previous to RE-Y90. Patients with
impaired biliary sphincter at the duodenum junc-
tion (biloenteric anastomoses, papillotomy, bili-
ary stenting) may be at a higher risk of cholangitis
and liver abscess formation in the follow-up
weeks after RE, but this does not constitute an
absolute contraindication [5, 7]. In a specific
patient, these potential hazards have to be weighed
against the potential benefit of the RE treatment.

In a small number of patients, RE could be
contraindicated due to vascular abnormalities or
the extent of lung shunting (lung exposure
>30 Gy). These criteria are established at the
work-up procedure performed by the interven-
tional radiologist (preparation/simulation phase)
before the RE-Y90 is confirmed, thereby pre-
venting inappropriate treatment of the patient.
The interventional radiologist may correct some
cases of excessive shunting to the lung or gastro-
intestinal tract by proper vessel embolization, as
described in previous paragraphs [6, 7]. Thus, an
appropriate previous preparation/simulation test
(low LSF, no extrahepatic deposits of Tc
99-MAA, acceptable dosimetry) is mandatory to
perform the RE treatment safely.

Efficacy and Clinical Results

Multiple studies suggest that RE-Y90 is effective
in slowing disease progression and improving sur-
vival. Localized high-dose tumor-directed radia-
tion is an effective treatment for reducing the
burden of CLM [4, 6, 8, 11-14]. A single treatment
with RE induces profound cytoreduction of CLM
in the liver, and significantly prolongs time to pro-
gression (TTP), PES, and overall survival (OS),

even among patients with highly chemo-refractory
disease [3, 4]. The recruitment of a large propor-
tion of these patients for RE has been among those
with advanced, chemo-refractory disease [3-6,
15-17]. However, RE-Y90 has recently been
shown to downsize tumors for potentially curative
surgical resection in patients with earlier unresect-
able CLM that have received chemotherapy before
or are chemo-refractory[18]. In clinical practice,
RE-Y90 is integrated in the paradigm of manage-
ment of CLM in three different settings: as first-
line treatment, second-line treatment or as salvage
therapy [4, 6, 9].

Radioembolization as First-Line
Treatment

The current clinical data support the potential of
RE-Y90 in downstaging and delaying liver dis-
ease progression in patients with CLM. Such
findings provide opportunities to develop
RE-Y90 treatment in patients with predominant
liver disease to prolong first-line DFS and OS,
and to impact positively on tumor downstaging
for the potential of conversion to allow hepatic
metastases resection [6, 9].

Two pioneering randomized clinical trials per-
formed in the last decade showed the utility of
RE-Y90 in the first-line treatment of patients
with CLM, with encouraging results in terms of
overall response rates (ORR), PFS, and OS [11,
12]. These studies compared the use of intra-
arterial FUDR with and without RE and intrave-
nous FU/LV with and without RE respectively,
and clearly showed the benefits of RE-Y90.
These studies have some limitations, such as the
small size and the use of cytotoxic drugs that are
not currently used as first-line treatments. To
study the utility of RE-Y90 in the current para-
digm of CLM chemotherapy regimens, three
international randomized Phase III trials (the
SIRFLOX, FOXFIRE and Global FOXFIRE)
were conducted to report on the PFS and OS [10,
19, 20]. The SIRFLOX study showed improve-
ment in liver PFS, with 31% reduction in risk of
liver progression when combining RE-Y90 with
FOLFOX, while not increasing toxicity [10].
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The FOXFIRE and Global FOXFIRE are still on-
going, and will be powered to test the impact of
RE-Y90 on OS [20].

Some authors suggest the incorporation of
RE-Y90 in the first-line treatment, for the purpose
of extending clinical benefits from maintenance
therapy [9]. Indeed, the most common approach
toward unresectable CLM involves the use of
induction chemotherapy combined with bevaci-
zumab. However, chemotherapy-induced toxici-
ties encountered with combination regimens may
lead in some patients to a milder maintenance
form of treatment after few weeks of induction
therapy. Maintenance therapy, usually fluoropy-
rimidine with bevacizumab, has limited efficacy
and progression occurs in few months in the
majority of patients. The combination of RE-Y90
during induction therapy or during maintenance
therapy has the potential to prolong liver PFS,
therefore improving patient outcome and delay-
ing the need for more toxic second-line combina-
tion treatments [9]. Interestingly enough, the
European Society of Medical Oncology (ESMO)
consensus guidelines suggest that RE-Y90 of
CLM in earlier treatment lines may be interesting
as consolidation treatment [20].

Another beneficial possibility to combine
RE-Y90 in the first-line setting is in those patients
who cannot tolerate intensive chemotherapy. Aged
patients with CLM and vascular comorbidities
may be frail enough to be considered for combina-
tion chemotherapy or antiangiogenic agents. For
such patients, first-line treatment is often limited
to single agent 5-FU/LV or capecitabine mono-
therapy, a strategy associated with a median PFS
of 4-5 months [9]. The integration of RE-Y90
with fluoropyrimidine in the first-line treatment of
liver-predominant CLM has the potential of delay-
ing progression without significantly impacting
patients’ performance status [9]. An advantage of
RE-Y90 which should always be considered is its
favorable toxicity profile when combined with
fluoropyrimidine or FOLFOX, and yet it results in
major clinical responses in the majority of the
treated population [13].

The high efficacy of conversion therapy with
aggressive chemotherapy such as FOLFOXFIRI
discourages the initial use of RE-Y90 in CLM in

the neoadjuvant setting, except for specific situa-
tions such as intolerance or inadequate initial
response to induction chemotherapy [9].
However some authors suggest that RE-Y90 may
be a good alternative in potential candidates for
resection, but with small future liver remnant vol-
ume [8, 21, 22]. A matched-pair analysis compar-
ing RE-Y90 with portal vein embolisation
showed a lesser, but still pronounced benefit of
RE-Y90 with regard to contralateral liver hyper-
trophy, following simultaneous treatment of the
ipsilateral tumor load with Y90 [22].

Radioembolization as Second-Line
Treatment

Limited prospective data exist on the second-line
integration of RE-Y90 in combination with che-
motherapy in the second-line treatment of meta-
static colorectal cancer [9]. A Phase I clinical
trial has evaluated the combination of irinotecan
plus RE-Y90 in patients with CLM who failed at
least one line of 5-FU- based treatment [14]. In
this study, ORR was found in 48% of patients,
with median PFS and OS considered favorable in
comparison to second-line irinotecan therapy,
where responses are historically <10% [14].
Median survival following RE-Y90 in the
second-line setting after chemotherapy compares
well with similar patients receiving second-line
chemotherapy combined with aflibercept and
bevacizumab beyond progression [18, 23]. These
results are in line with the first-line clinical trials,
and substantiate the potential of RE-Y90 in
enhancing chemotherapy response and delaying
tumor progression. Some authors suggest using
this strategy in patients with KRAS or BRAF
mutations with no further options of salvage ther-
apy, to delay progression of liver disease [9].

Radioembolization as Salvage
Treatment

Patients with CLM who are refractory to first- or
second-line chemotherapy have a dismal progno-
sis, even with the newly developed antibiologic
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agents. In this setting, several prospective studies
have shown that RE-Y90 is safe and efficient
alone or combined with a radio-sensitizing che-
motherapy regimen as salvage therapy [3, 8, 12,
13, 16].

The results of clinical trials combining RE
with second- or third-line chemotherapy indicate
that an objective response may be seen in 30-48%
of patients [8, 14]. Furthermore, studies in
chemo-refractory patients have reported that dis-
ease progression is delayed following RE-Y90,
and that survival is prolonged compared to either
randomized, matched-pair, or historical controls
[3, 15, 16]. The median survival following
RE-Y90 in patients with two or three prior lines
of chemotherapy respectively compares favor-
ably with patients in a similar setting using rego-
rafenib or placebo [23]. The evidence in the
literature shows that, even among heavily pre-
treated patients, RE-Y90 appears to have a favor-
able risk/benefit profile and offer a more target
approach for the management of dominant CLM
[24]. This approach is confirmed by the ESMO
consensus guidelines in CLM, which recommend
the use of RE-Y90 for patients with liver-limited
disease failing available chemotherapeutic
options [21].

Side-Effects and Complications

For better tolerance of RE-Y90, some medica-
tions are regularly indicated before and after
treatment, although side-effects and toxicity are
low if the procedure is carefully performed. The
most common side-effect of RE-Y90 is a mild
post-embolization syndrome that occasionally
may last some days after treatment [4, 5]. The
most common side-effects include fatigue, nau-
sea, and abdominal pain, the former being the
most prominent symptom. Fever is uncommon
but may be present as a consequence of the
inflammatory effect of liver radiation or tumor
necrosis, and should not be confused with bacte-
rial infection. Symptomatic treatment of post-
embolization includes corticoids, anti-emetics
and analgesics starting the same day of treatment
[4, 5, 7]. In some patients, nausea may last

several days, occasionally being severe enough
to require long-standing anti-emetic medication
that should be continued until the symptoms
subside. As organs adjacent to the liver may also
receive radiation doses if microspheres are
lodged on the periphery of the liver, some radia-
tion gastritis is expected after treatment in such a
case [4, 5]. Therefore, prophylactic pump proton
inhibitors are commonly indicated before
RE-Y90, and continued for at least 1 month after
treatment [5, 7].

Severe complications are uncommon given
correct patient selection, adequate pretreatment
assessment (preparation/simulation phase), and a
meticulous Y90 microsphere delivery during
treatment. Anyway, serious complications of
RE-Y90 have been reported when microspheres
were inadvertently deposited in excessive
amounts in organs other than the liver [5, 25].
Non-target infusion of Y90 may lead to ulcer-
ation or bleeding in the gastro-intestinal tract and
pancreatitis. The gastro-intestinal ulcers are
resistant to medical therapy, and may need sur-
gery [25]. These complications may be spared
with careful analysis of pre-treatment angiogra-
phy and SPECT-CT, together with the use of
CBCT to rule out extrahepatic deposits of Tc-99
MAA or contrast medium. In addition, Y90
should be carefully delivered on the treatment
day ,avoiding at all means arterial reflux or over-
injection of the radioactive material [7].

Radiation-induced pneumonitis is another
uncommon complication that may occur because
of lung sensibility to radiation. It should be
noticed that after any intra-arterial injection into
the liver, a small fraction of the delivered sub-
stance is shunted into the lung through tumor
arteriovenous shunts [4, 5]. The risk of radiation-
induced pneumonitis can be somewhat predicted
in the simulation phase by measuring the LSF by
planar scintigraphy [3, 7, 26]. Pulmonary toxic-
ity is avoided if the LSF is <20% or the accumu-
lated lung dose <30 Gy [4, 5]. The symptoms
indicating radiation pneumonitis include dry
cough, progressive dyspnea, and restrictive ven-
tilation deficits resulting in deteriorated lung
function, and usually respond to corticoid ther-
apy [5, 25].
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Radiation-induced liver disease (REILD) is
a rare complication, with an incidence ranging
between 0-4% [5]. It results in various degrees
of hepatic decompensation, and is indistin-
guishable from hepatic veno-occlusive disease
[5, 25]. It is usually manifested clinically by
the development of anicteric ascites and
increased abdominal girth, as well as rapid
weight gain with hypo albuminemia [5].
Although jaundice may be present, it is uncom-
mon at presentation. Blood tests show normal
or mild increase in the bilirubin levels, with a
substantial increase of alkaline phosphatase.
Several reports have indicated that REILD is
more likely with liver tumor burden <70% and
delivery dose to the liver <150 Gy [4, 5, 25].
Since radiation dose is related to liver toxicity,
performing RE-Y90 in a repeated fractioned
fashion is recommended to reduce the risk of
liver toxicity, especially in patients with previ-
ous heavy chemotherapy treatment if a whole-
liver treatment is needed [8, 26]. In such a
case, Y90 is infused in the right hepatic artery
separated by 4 weeks from infusion via the left
hepatic artery. Prophylaxis with corticoids may
be of benefit, and is regularly administered, as
mentioned above. If REILD occurs despite
cautious measures, treatment is instituted with
diuretics, sodium restriction, and continuous
corticoid therapy. Hepatotoxic drugs should be
avoided, and in extreme cases a TIPS proce-
dure may be of benefit.

Other complications such as radiation-induced
cholecystitis and biliary tract injury are uncom-
mon, and may be prevented with proper patient
selection and by sparing the cystic artery before
Y90 infusion [5, 7].

Follow-Up and Response
Assessment

Follow-up is mandatory for results assessment
and to detect eventual complications, as well to
integrate this treatment among multimodality
options. It is usually performed in a multidisci-
plinary fashion, and depends on the treatment
plan of each patient.

Clinical evaluation and liver blood tests after
RE-Y90 are recommended to determine the out-
come of treatment. Contrast-enhanced CT or
MRI and tumor biomarkers are performed for
response assessment and to rule out intra- or
extrahepatic new disease at 6 and 12 weeks.
Oncologic responses at cross-sectional imaging
are usually depicted after 3 months of treatment,
with the best results shown after 6 months.
Metabolic imaging under PET-CT may contrib-
ute to better response assessment if it has also has
been performed at baseline.

The RECIST system is not an accurate method
to assess oncologic response, as is the case with
other imaging-guided liver-directed therapies.
Indeed, tumor size after treatment does not reflect
the number of viable tumor cells, tumor enhance-
ment being a more reliable alternative. The most
common imaging findings at cross-sectional
images after RE-Y90 are liver edema congestion,
and microinfarction that should not be mistaken
for progression disease [4, 5]. These signs are
reversible and are probably due to radiation
inflammatory liver and tumor reactions. Tumor
objective response may be demonstrated by
tumor necrosis (absence of enhancing tumor at
CT or MRI), but evidence of morphological
changes may require 3 or more months after
treatment. Tumor size reduction often may be
observed at 6 months follow-up in good
responders.

Since PET-CT has the ability to give informa-
tion about tissue metabolic activity, comparison
of a follow-up study to baseline PET-CT is highly
contributive. In clinical practice, response is usu-
ally assessed clinically, by tumor markers and
cross-sectional imaging as in any other type of
treatment, but limitations of RECIST and the
potential role of PET-CT should be considered.

Conclusions

RE-Y90 is a powerful tool in patients with
liver metastasis due to the potential of aug-
menting regional response of systemic chemo-
therapies, and increases the number of patients
who are candidates for resection. Application
of this recently introduced liver-directed ther-
apy might contribute to extending the benefits
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of curative hepatic resection to a broader group
of patients. Caution with regard to patient
selection, treatment preparation, and perfor-
mance is particularly important to prevent seri-
ous toxicity being associated with this highly
efficacious treatment [4, 7]. Improvements in
predicting dosimetry will lead to optimization
of treatment outcome, even in borderline treat-
ment candidates [26]. With the sustained accu-
mulation of promising clinical results, RE-Y90
is moving forward from the salvage setting
indication to its use in earlier stages of CLM.
The optimal modern management of CLM
requires a multidisciplinary team with various
specialists including liver surgeon, medical
oncologist, interventional radiologist, nuclear
medicine physician, and others who have a
thorough understanding of the latest diagnos-
tic and therapeutic options.
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