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Objectives: Upon completion of this article, the reader will
be able to discuss the role of chemoembolization and radio-
embolization in the treatment of colorectal liver metastases.
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Colorectal cancer is the third most common cancer in the
United States, with the second highest mortality. The liver is
the most common site of metastatic disease, with up to 50%
of patients diagnosed with liver metastasis at the time of
initial diagnosis.1 Further, 80% of patients develop liver

metastases during their disease course.1 The presence and
extent of liver metastases are a major prognostic indicator,
with liver dysfunction secondary to metastatic disease being
the cause of death in most patients.1,2

Surgical resection is accepted as the first-line treatment for
colorectal livermetastasis (CRLM). Yet, at the timeofdiagnosis,
only 20 to 25% of patients are eligible for resection of their
CRLM.3,4 Current National Comprehensive Cancer Network
(NCCN) guidelines recommend systemic chemotherapy with
orwithout theadditionofbiologic therapies.5Currentsystemic
chemotherapies include 5-fluorouracil (5-FU)-based therapies
consisting of 5-FU and oxaliplatin (FOLFOX), 5-FU and irinote-
can (FOLFIRI), orcapecitabineandoxaliplatin (CapOX).1,5These
therapies alone result in a response rates and overall survival
(OS) of 40% and 57% at 15 to 20 months, respectively, yet OS
nears0%at5years.6–8Theadditionofbiologic therapiessuchas
anti–vascular endothelial growth factor antibodies and anti–
epidermal growth factor receptor inhibitors has improved
outcomes when used in conjunction with cytotoxic systemic
chemotherapy. These combined regimenshave increasedOS to
more than 24 months in several studies.9,10
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Abstract Colorectal cancer is the third most common cancer in the United States and the liver is
the most common site of metastatic disease. The presence and extent of hepatic
metastases are a major prognostic indicator. Although surgical resection is the
accepted first-line therapy for colorectal liver metastasis, only 20 to 25% of patients
are eligible for resection due to the extent and location of disease. This article discusses
the current role of transarterial therapies in the treatment of colorectal liver
metastases.
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Despite recent successes, these systemic therapies are
difficult for patients to tolerate, with approximately one-third
discontinuing the therapy before completing a full 12 cycles.11

Additional consideration of systemic therapies is needed in
patientswhomay bedownstaged fromunresectable to resect-
able disease. Cytotoxic systemic therapies can induce chemo-
therapy-associated liver injury (CALI). For example, sinusoidal
obstruction syndrome can result from prolonged treatment
with oxaliplatin, particularly when used for more than 6
cycles.12 Steatohepatitis is associated with irinotecan admin-
istration, in addition to resulting in increased liver failure and
death following hepatic resection.12

Adjuvant intra-arterial locoregional therapies (LRTs) can
potentially mitigate some of the unwanted side effects of
systemic therapy. LRTs are based on the concept of delivery
of toxic substances directly to the tumor. Normal hepatocytes
are predominately supplied by the portal vein, whereas tumor
cells are supplied by the hepatic arteries.13 Unlike systemic
chemotherapy, intra-arterial delivery of chemotherapy in-
creases drug concentrations within the tumor and minimal
circulating systemic drug, which results in fewer systemic
toxicities.14 Current intra-arterial therapies include1 conven-
tional transarterial chemoembolization (cTACE),2 transarte-
rial chemoembolization with drug-eluting beads (DEB-TACE),
and3 transarterial radioembolization (TARE).

cTACE

The premise of chemoembolization is to combine local high-
dose chemotherapy and ischemia for enhanced tumor de-
struction, potentially in a synergistic manner. Conventional
chemoembolization (cTACE) delivers chemotherapeutic
agents emulsified with lipiodol, a poppy seed oil containing
38% iodine by weight. This is followed by the delivery of an
embolic agent, often polyvinyl alcohol (PVA) or Gelfoam.
Level I data have demonstrated the efficacy of cTACE in
hepatocellular carcinoma (HCC).15,16 Because of the large
survival benefit in HCC, several series have analyzed the role
of cTACE in CRLM.

Lang and Brown reported 46 patients treated with cTACE
between 1985 and 1991 using doxorubicin and lipiodol.17

The mean OS was 23 months versus 9 to 17 months with
systemic therapy. Complications were observed in 33%
(15/46) of patients and included suppressed hematopoiesis
(n ¼ 6), renal failure (n ¼ 2), liver failure (n ¼ 6), and diabe-
tes (n ¼ 2). Most of the patients experiencing suppressed
hematopoiesis or liver failure underwent numerous sessions
of chemoembolization or received additional systemic che-
motherapy. This study demonstrated the feasibility and
potential benefit of cTACE for patients with hepatic-domi-
nant colorectal metastases.

A subsequent phase II trial evaluated chemoembolization
with an emulsion of 5-FU,mitomycin C, and lipiodol followed
by Gelfoam embolization in the salvage setting.18 Therefore,
all patients had previously been treated with systemic
chemotherapy. Radiologic responses were seen in 63% of
cases, and 95% of patient experienced a decrease in carci-
noembryonic antigen ofmore than 25%.MedianOS fromdate

of first cTACEwas 10 months. Longer median OSwas seen in
patients with more favorable performance status (24
months), metastatic disease confined to the liver (14
months), and serum alkaline phosphatase and lactate dehy-
drogenase less than three times normal (24 and 12 months,
respectively). The most common toxicity was a postemboli-
zation syndrome (PES) including fever, right upper quadrant
pain, nausea, and vomiting. Lethargy was noted for up to
6 weeks postembolization.

Albert et al presented a single institutional experience,
wherein 245 cTACEs were performed in 121 patients with
CRLM between 1992 and 2008.19 Patients were included if
they had unresectable liver-dominant disease and had failed
systemic chemotherapy. cTACEwas performed with cisplatin,
doxorubicin, mitomycin C, and lipiodol mixture followed by
PVA. Patients underwent a mean of two cTACE sessions.
Performance status was preserved in 78% of patients with an
Eastern CooperativeOncologyGroup (ECOG)of 0 at the timeof
their first cTACE. Median OS was 33 months from initial
diagnosis. Subgroup analysis demonstrated significantly bet-
ter OS when cTACE was performed after first- or second-line
chemotherapy as compared with in the salvage setting, after
three to five lines of chemotherapy (p ¼ 0.03). Similar to prior
reports, the most commonly experienced toxicity was a PES.

Vogl et al reported 463 patients treated with cTACE from
1999 to 2006.20 Several regimens were used, including
mitomycin C alone, mitomycin C with gemcitabine, or mito-
mycin C with irinotecan, depending on prior chemotherapy
history. The indications for therapy included unresectable
liver metastases without response to systemic therapy,
disease progression, or intolerance to systemic therapy.
Patients with extrahepatic disease or a Karnofsky status
less than 70% were excluded. Median OS from the time of
initial diagnosis was 38 months. No significant survival
difference was observed between cTACE regimens
(p ¼ 0.534). As with prior studies, the most commonly
experienced toxicities of the procedure were abdominal
pain, nausea, and vomiting.

DEB-TACE

Drug-eluting bead (DEB) therapy consists of highly absorbent
microspheres coated with high doses of chemotherapeutic
agents which are then administered via the hepatic artery.
The beads elute the drug over time,21,22 theoretically miti-
gating the systemic side effects experienced in cTACE. Sev-
eral studies have evaluated the use of DEB loaded with
irinotecan (DEBIRI) for CRLM.

Bower et al reported 55 patients who underwent 90
DEBIRI treatment sessions. All patients had received prior
systemic chemotherapy.23 Eleven patients (20%) demon-
strated responsewith down staging or stable diseasewithout
extrahepatic disease progression allowing for hepatic resec-
tion (n ¼ 6), radiofrequency ablation (n ¼ 3), or a combina-
tion of resection and ablation (n ¼ 2). Pathologic review of
resected specimens demonstrated embolic beads near the
tumor capsule with relative sparing of normal parenchyma.
Histopathology demonstrated minimal portal inflammation
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and no evidence of chemotherapy-associated steatohepatitis
or fibrosis.

Martin et al reported55patientswhounderwent 99DEBIRI
treatments between 2006 and 2008.24 All patients had re-
ceived first-line systemic therapy with FOLFOX and bevacizu-
mab,withmany receiving second- and third-line therapy. Fifty
percent of the patients had concurrent limited extrahepatic
disease at the time of referral. In this salvage setting, median
progression-free survival (PFS) was 11months andmedian OS
was 19 months from first DEBIRI.

Fiorentini et al randomized patients with unresectable
CRLM to receive either DEBIRI (n ¼ 35) or FOLFIRI
(n ¼ 35).25 Patients in the DEBIRI arm had prolonged median
OS (22 vs. 15 months), greater likelihood of objective tumor
response (68.6% vs. 20%), and sustained quality of life over
systemic FOLFIRI (8 vs. 3 months, p < 0.001). A major draw-
back of this study is the omission of oxaliplatin, bevacizumab,
cetuximab, or panitumumab, as these agents were not stan-
dard of care at the time of the study. These agentswhen added
to FOLFIRI demonstrate increased OS over FOLFIRI alone.26–28

A major drawback of DEBIRI has been the associated
severe abdominal pain reported in 40% of patients.25 To
overcome this, several protocols have been proposed to
achieve appropriate pain control, including intravenous
morphine and bolus lidocaine into the hepatic artery at
the time of DEBIRI administration.29 More recently, para-
vertebral thoracic blocks with ultrasound guidance at the
T6–T8 levels has been proposed for periprocedure pain
control with side effects seen in less than 1% of patients.29

Radioembolization
TARE is the injection of micron-sized Yttrium-90 (90Y) resin
or glass particles into the hepatic artery. The particles result
in the local delivery of high doses of β radiation to the hepatic
tumors. External beam radiation for CRLM is hampered by
dose-limiting toxicities of the adjacent organs, respiratory
and cardiac motion transmission to the liver, and the liver’s
radiosensitivity resulting in radiation-induced liver disease
(RILD), a clinical syndrome of ascites, anicteric hepatomega-
ly, and elevated liver enzymes with exposures >35 Gy.30

TARE helps deliver a more focused, high-dose radiation to
the tumor with relative sparing of normal liver parenchyma
and no toxicities to surrounding organs. TARE has been
investigated both as a therapy in cases of metastatic disease
refractory to chemotherapy and as part of first-line therapy.

Saxena et al reported 302 patients who underwent 90Y for
the treatment of unresectable, chemorefractory CRLM be-
tween 2006 and 2013.31 The median OS after TARE was 10.5
months. Complete response was seen in 2 patients (1%),
partial response seen in 111 (38%), and stable disease in 96
(33%). Factors associated with poor prognosis include extent
of tumor and number of prior lines of chemotherapy. Clinical
toxicities occurred in 38% of patients, most of which were
mild and self-limited, including nausea/vomiting (26%), ab-
dominal pain (18%), fatigue (17%), and anorexia (8%). How-
ever, more serious side effects including gastrointestinal
ulceration and radiation-induced lung diseasewere reported
in two patients.

Lewandowski et al reported on 214 patients treated with
90Y for CRLM.32 Median OS was 43.0, 34.6, and 10.6 months
from the date of diagnosis of primary cancer, hepatic metas-
tases, and first 90Y, respectively. Survival was significantly
longer in patientswho received twoor fewer cytotoxic drugs’
regimens (p ¼ 0.0001) and patientswho received no biologic
agents (p ¼ 0.0001), supporting the use of 90Y earlier in the
disease course. Clinical toxicities included fatigue, pain,
nausea, vomiting, and fever. No gastrointestinal ulcerations,
RILD, or pneumonitis was reported.

Despite growing evidence of improved outcomes with
earlier implementation of 90Y in the metastatic colorectal
treatment algorithm, this has not been widely adopted. A
review of 20 studies including 979 patients treated with
TARE for refractory CRLM demonstrated that 90Y is most often
used in the salvage setting. Approximately one-third of the
studies included patients with extrahepatic disease. This re-
viewreportedamedianOSof12monthsafter 90Yandamedian
time to intrahepatic disease progression of 9 months.31

With growing interest in implementation of 90Y, several
studies have investigated the use of concurrent systemic
chemotherapy and TARE. Van Hazel et al presented a phase
II randomized control trial of 21 patients comparing systemic
5-FU/leucovorin alone to patients first receiving a single
injection of 90Y microspheres.33 Patients receiving the combi-
nation therapy had a longer median OS (29.4 vs. 12.8 months,
p ¼ 0.02) and time to disease progression (18.6 vs. 3.6
months). However, greater toxicities were seen in the combi-
nation arm, including one death due to neutropenic sepsis.

SIRFLOX was a phase III multicenter, international, ran-
domized trial combining first-line chemotherapy with FOL-
FIRI (with bevacizumab at the discretion of the investigator)
alone or in combination with 90Y for liver-dominant or
isolated CRLM in chemo-naïve patients.34 A total of 530
patients were randomized between 2006 and 2013. While
PFS at any site was not significantly different between the
two sites, hepatic PFS was significantly longer in those
getting combination therapy (20.5 vs. 12.6 months,
p ¼ 0.002). Follow-up data on OS are still being gathered.

Patient Selection
Assessment of patients being considered for intra-arterial
liver-directed therapy includes evaluation of liver function,
tumor size and distribution, involvement of the portal vein,
hepatic arterial anatomy, comorbidities, and performance
status. In the initial clinical evaluation of the patient, an
understanding of their full oncologic history is important.
While current data support 90Yas the initial LRT in the setting
of CRLM, patients with prior radiation to the liver may not be
candidates for the therapy. Additionally, some element of
systemic chemotherapy-induced CALI may be present in pa-
tients who have been heavily treated with systemic therapy,
even in the setting of relatively normal liver functions.12 Full
understanding of underlying liver dysfunction is important to
minimize the risk of hepatic failure following LRT.

While no absolute cut-offs exist, generally bilirubin less
than 2 mg/dL represents the upper limit of what is acceptable
to proceed with TACE or TARE.35 Early experience with TACE
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noted rates of hepatic insufficiencyof 22.4 to 66.7%.36,37This is
often transient and reversible, particularly in patients with
preserved hepatic function.38 Conversely, irreversible deterio-
rationandacute liver failure ismoreoftenseen inpatientswith
severe impairment in functional reserve.36 Radiation-induced
liver failure after 90Y is seen in 0 to 4% of patients, most often
thosewithpreexisting liverdysfunction andpatients receiving
single-session whole-liver radioembolization.39

Trends are also important to note: a sudden elevation of
the patient’s total bilirubin, even when the absolute value is
less than 2,may represent worsening liver disease. In cases of
borderline liver function, a very targeted TACE may be an
approach to treat tumor(s) in a small localized distribution,
while preserving the remaining liver.

Prior history of biliary intervention including percutane-
ous biliary drainage, stenting, sphincterotomy, or bilioen-
teric anastomosis increases the risk of biliary necrosis and
abscess formation after TACE by as much as 800-fold.40

Mezhir et al reported 14 abscesses among 971 patients after
2,045 TACEs. Of the 14 abscesses, 13 (93%) occurred in
patients with compromised sphincter of Oddi.41 This in-
creased risk is attributed to bacterial colonization of the
bile ducts followed by ischemic insult secondary to hepatic
artery embolization.42 The risk may be decreased, but re-
mains elevated despite aggressive antibiotic prophylaxis.43

In contrast, reports of abscess formation after TARE are rare
and several small studies suggest a lower risk of abscess in
patients with prior biliary intervention after TARE as com-
pared with TACE. Cholapranee et al compared a cohort of 13
patients undergoing 24 TACEs to 16 patients undergoing
24 TAREs. All patients had compromise of their sphincter of
Oddi due to prior surgical or endoscopic therapy. Thirteen of
13 (100%) post-TACE patients developed an abscess; however,
no patient in the TARE cohort developed abscesses.44

As demonstrated in numerous studies for both TACE and
90Y, functional status is a predictor of OS post liver-directed
therapy.20,32 As such, patients should have an ECOG perfor-
mance status of � 2. In patients where tolerability of post-
procedure effects is of concern, 90Y may be a better option
when feasible. While a PES is seen in cTACE, DEBIRI, and 90Y,
the syndrome reported for 90Y is least severe with most
patients discharged the day of the procedure.45

When evaluating the hepatic arterial anatomy, additional
care should be considered in patients where TARE or lobar/
whole-liver therapy is planned. Nontarget embolization of
90Y microspheres to the stomach or bowel can have devas-
tating effects.46 Pretreatment angiography to evaluate for
nontarget vessels such as an aberrant right gastric artery
arising from the left hepatic artery is paramount tominimize
the risk of gastrointestinal ulceration.46

At the completion of the angiogram, 99mTc-MAA in in-
jected into the hepatic artery. The subsequent 99mTc-MAA
scan allows for an estimate of radiation dose to the lung with
a planned TARE.47 Early data in patients treated with 90Y
suggested a risk of radiation pneumonitis with doses of 30
Gy/treatment or a 50 Gy cumulative dose. Subsequent data
presented by Salem et al suggested these doses are well
tolerated.47 Importantly, a large amount of shunting from the

liver to the lungs can result in nonlethal doses of radiation to
the target hepatic tumor (i.e., the microspheres pass through
the liver resulting in nontherapeutic hepatic radiation
doses). For this reason, a high shunt fractionmay be a reason
to reevaluate the use of 90Y. In some cases, this shunt can be
reduced with bland embolization or TACE prior to 90Y.

Conclusion

CRLM are common in patients with colorectal carcinoma,
and less than a quarter of patients are eligible for surgical
resection. Current first-line therapy for unresectable CRLM
remains systemic chemotherapy; however, liver-directed
therapies represent a favorable approach due to their tar-
geted approach. Many series describing intra-arterial ap-
proaches for CRLM exist, but vary greatly in patient
demographics and prior therapies, making exact comparison
difficult. However, DEBIRI has been shown to improve OS
compared with systemic chemotherapy. In addition, the
SIRFLOX trial demonstrated longer hepatic PFS in patients
receiving a combination of 90Y and systemic chemotherapy
versus chemotherapy alone. Although the best time to intro-
duce LRT to systemic therapy is still unknown, many studies
have demonstrated that LRT should be considered earlier in
the treatment of CRLM. Further well-designed prospective
and/or randomized studies are needed to better understand
the role and timing of these liver-directed therapies.
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