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The liver is the most common site of metastatic disease in
colorectal cancer, and, in the setting of liver-dominant disease,
a chief contributor to mortality.1,2 The natural history of
metastatic colorectal cancer (mCRC) without treatment is
progressionofdiseasewithamedian survival of approximately
4.5 months in patients with synchronous liver metastases.3

Chemotherapy is the backbone of treatment for mCRC,
with modern chemotherapy regimens achieving a median
survival of 30months in some clinical trials. This represents a
substantial increase in survival over the last two decades,4

with the 2-year survival rate in patients with mCRC of 21% in
the mid-1990s to 37% from 2009 to 2015.5 However, except
for a small fraction of patients on immunotherapy, the
duration of response is limited and resistance to therapy
inevitably develops. As hepatic metastases contribute signif-
icantly to patient mortality, nonsystemic treatment options
that directly address liver metastases offer the possibility of
extending life. Proof of concept of this benefit is evident in
the small fraction of patients, estimated at 10 to 20%, eligible
for surgical resection of hepatic metastases with 10-year
survival rates up to 20% after resection.6

Only aminority of patientswith colorectal livermetastases
are candidates for surgical resection; thus, alternative means

mustbeconsidered for thetreatmentof livermetastases. It has
been demonstrated in necropsy specimens, and then corrobo-
rated with in vivo studies, that the dominant blood supply to
liver metastases is via the hepatic artery.7,8 This predominant
hepatic arterial supply of metastatic hepatic lesions may be
used for both diagnostic and therapeutic purposes. Radio-
embolization can be used to exploit this, via catheter-directed
intra-arterial administrationofa radioactive isotope, delivered
attached toamicrosphere,with intent for therapeuticeffecton
hepatic tumors. In the setting of mCRC, radioembolization
with yttrium-90 (90Y) is the most commonly used isotope for
liver-directed therapy, with the most available clinical data.

Patient Selection

According to the National Comprehensive Cancer Network
(NCCN), radioembolization with 90Y is an appropriate option
in patients with liver-dominant, chemotherapy-resistant
mCRC. Absolute contraindications include excessivehepatopul-
monary shunting which may lead to radiation-induced pneu-
monitis or pulmonary fibrosis, and gastrointestinal deposition
of microspheres which can lead to ulceration. Relative contra-
indications include uncorrectable coagulopathy, iodinated
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Abstract The liver is the most common site of metastatic disease in colorectal cancer, and, in the
setting of liver-dominant disease, a chief contributor to mortality. Chemotherapy is the
backbone of treatment for metastatic colorectal cancer; however, the duration of
response is limited and resistance to therapy inevitably develops. Radioembolization
represents a targeted treatment to the liver which has been studied in first-line, second-
line, and in salvage treatment. Therapeutic rationale, outcomes, and prognostic
indicators are presented in this systematic review article.
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contrast allergy, poor kidney/liver function, and Eastern
Cooperative Oncology Group (ECOG) performance status
greater than 2.

Studies have demonstrated various predictors of increased
survival following radioembolization for mCRC, including
ECOG 0,9 albumin greater than 3g/dL,9 hepatic tumor burden
�25% and no extrahepatic disease,9–12 �30% response rate of
carcinoembryonic antigen (CEA) at 3monthsposttreatment,11

response on positron emission tomography (PET) scan,13

and �2 prior chemotherapy agents.9–12 Predictors of
decreased survival following radioembolization include
uncontrolled ascites, KRAS mutation, CEA greater than
62 ng/mL, low ADC on magnetic resonance imaging, and
lymphovascular invasion of primary tumor.14 In one study, a
lung shunt fraction of greater than 10% was associated
with decreased median overall survival (OS) of 6.9 versus
10.0 months.15

Clinical Data

Radioembolization as First-Line Therapy
TheSIRFLOX trialwas thefirst Phase III prospective, open-label,
multinational, randomized controlled trial to include radio-
embolization in first-line treatment of mCRC. A total of 530
patients were randomized, with 263 receiving FOLFOXwith or
without bevacizumab, and 267 receiving the same regimen in
addition to radioembolization with resin microsphere. Trial
participants needed to have liver only, or liver-dominant,
disease, and were fit for combo therapy with radioemboliza-
tion.Theprimaryendpointwasprogression-freesurvival (PFS).
Secondaryendpointswere PFS-L (PFS in the liver), OS, response
rate, quality of life, recurrence rate, toxicity and safety,
and resection rate. Of the 267 patients who received radio-
embolization, 145 received bevacizumab. The study did not
meet the primary endpoint, as PFS was 10.7 months with
radioembolization and 10.2 months for the control arm
(p¼0.43). It is worth consideration that 40% of patients in
the radioembolization arm had extrahepatic disease and 45%
did not have the primary tumor removed. Additionally,
objective response rate in the liver was 79% in the radio-
embolization arm versus 69% in the control arm (p¼0.042),
and PFS-L demonstrated a 7.9-month improvement in the
radioembolization arm over the control arm (20.5 vs. 12.6
months, p¼0.002).16

Thecombinedanalysisof thethreerandomized,multicenter,
Phase III trials of SIRFLOX, FOXFIRE, and FOXFIRE Global
looked at 1,103 patients separated into chemotherapy versus
chemotherapyplus radioembolizationwith resin.Responseand
hepatic free progression favored 90Y; however, there was
no difference in OS and PFS. Subset analysis did demonstrate
a 4.9-month survival benefit for patients with right-sided
primary tumor; however, based on the findings, they could
not recommend first-line use of 90Y in combination with
chemotherapy in unselected patients with mCRC.17 There
were some criticisms associated with these studies. Only 84%
of the patients who were allocated to receive 90Y actually
received 90Y (7.9% did not receive 90Y; 7.7%with bilobar disease
received unilobar therapy only), and increased liver response

did not directly lead to increased resection. It is unclear if there
was extrahepatic progression in these patients or could there
havebeena reluctance tooperatepost-90Y?Additional criticism
included that some of the participating centers involved in
the SIRFLOX study had very limited experience with
radioembolization.18

Radioembolization as Second-Line Therapy
The EPOCH trial is intended to evaluate the efficacy of glass
microspheres in patients with mCRC who are scheduled to
receive second-line chemotherapy. This study is a randomized,
open-label trial that has enrolled 428patients set up to receive
standard-of-care chemotherapy with or without radioembo-
lization, with enrollment recently completed. Primary
endpoints will include PFS and PFS-L.19 The results from this
trial will be highly anticipated, as most patients who receive
first-line chemotherapy will require further treatment.

Radioembolization as Salvage Therapy
Between 2005 and 2010, six studies evaluated radioembo-
lization of colorectal liver metastases as third-line treatment
after FOLFOX and FOLFIRI, demonstrating similar results in
the salvage setting (meaning third line and beyond). In each
retrospective study, between 27 and 208 patients were
treated with radioembolization in the salvage setting;
response rate via RECIST was 35 to 40%, metabolic response
via PETwas 80 to 90%, and median OS was between 7.9 and
14.5 months.20–25

In 2017, the MORE (Metastatic colorectal cancer liver
metastases Outcomes after RadioEmbolization) study
published the updated survival analysis of its retrospective
reviewof606patientswith liver-onlyor liver-dominantmCRC,
not deemed suitable for surgery, ablation, or systemic therapy,
andwhich had progressed or become refractory to at least one
line of systemic therapy. These patients received radioembo-
lization with resin microspheres between 2002 and 2011 at
one of 11 U.S. tertiary care centers. Updated results demon-
strated a median OS of 10.0 months,12 echoing similar results
demonstrated in the studies mentioned previously. Key
findings from subgroup analysis demonstrated no difference
inOS or toxicity inpatients older than 70 years versuspatients
younger than 70 years, indicating radioembolization is well
tolerated and effective, even in the elderly. Additional factors
found to be significantly associated with poor survival
included anemia (hemoglobin<10.0 g/dL), baseline liver
dysfunction (presence of ascites, abnormal levels of albumin,
alkaline phosphatase, aspartate aminotransferase, and biliru-
bin), and lung shunt fraction greater than 10%. Baseline
characteristics and treatment-related factors significantly
associated with survival of more than 1 year included hemo-
globin levels greater than 10g/dL, adequate liver function, and
less than two prior lines of chemotherapy. Hickey et al
published similarmedianOS of 10.6months in a retrospective
study examining 531 patients across eight institutions who
exclusively received radioembolization with glass micro-
spheres in the setting of mCRC.9 They found performance
status, less than 25% hepatic tumor burden, no extrahepatic
metastases (median OS in the setting of no extrahepatic mets
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was14.4months [n¼329patients],p<0.001), serumalbumin
greater than3g/dL, and twoor lessprior linesofchemotherapy
to be independent predictors of better survival outcomes.
Additionally, they found the procedure to be well tolerated,
with fatigue (55%), abdominal pain (34%), and nausea (19%) to
be themost commonadverse events. Per the authors, “Grade3
or4biochemical toxicity, recordedatany timeafter treatment,
included effects on the level of bilirubin (13%), alkaline
phosphatase (9%), albumin (8%), AST (3%), ALT (<1%).” These
studies demonstrate a consistent role for radioembolizationas
liver-directed salvage therapy in mCRC, regardless of whether
glass or resin microspheres are used.

Conclusion

Retrospective studies of liver-directed radioembolization
have demonstrated consistent outcomes in the salvage
setting for liver-dominant mCRC patients, regardless of
whether glass or resin particles are used. Radioembolization
carries a low adverse event profile, allowing patients of
advanced age to tolerate the procedure and benefit from
similar survival and toxicity endured by younger patients
with similar disease. While level I evidence does not support
first-line use of 90Y inmCRC,we await to see the results of the
Phase III EPOCH trial that is currently underway in evaluating
90Y as the second-line therapy.
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