
Intra-Arterial Therapies for Metastatic Colorectal
Cancer
David S. Wang, MD1 John D. Louie, MD1 Daniel Y. Sze, MD, PhD1

1Division of Interventional Radiology, Department of Radiology,
Stanford University Medical Center, Stanford, California

Semin Intervent Radiol 2013;30:12–20

Address for correspondence David S. Wang, MD, Division of
Interventional Radiology, Department of Radiology, Stanford
University Medical Center, 300 Pasteur Drive, Room H3630, Stanford,
CA 94305-5642 (e-mail: dwang@stanfordmed.org).

Objectives: Upon completion of this article, the reader will
be able to identify the role of intra-arterial therapies used in the
treatment of colon cancer metastatic to the liver, as well as the
indications and contraindications for the use of such therapies.

Accreditation: This activity has been planned and imple-
mented in accordancewith the Essential Areas and policies of
the Accreditation Council for Continuing Medical Education
through the joint sponsorship of Tufts University School of
Medicine (TUSM) and Thieme Medical Publishers, New York.
TUSM is accredited by the ACCME to provide continuing
medical education for physicians.

Credit: Tufts University School of Medicine designates this
journal-based CME activity for a maximum of 1 AMA PRA
Category 1 Credit™. Physicians should claim only the credit
commensurate with the extent of their participation in the
activity.

Colorectal cancer (CRC) is the second most commonly
diagnosed cancer worldwide.1 In the United States, �20% of
these patients initially present with distant metastases, re-
sulting in 5-year survival rates in this subgroup <12%.2 The
liver is the most common and frequently dominant site of
metastatic disease, occurring in 20 to 30% of patients at
diagnosis with a prevalence up to 60% during the course of
disease.3 Although surgical resection of the primary tumor
and liver metastases is the most favorable treatment option
(achieving 5-year survival rates of 37 to 58%), only 10 to 25%
of patients with hepatic metastases from CRC (hmCRC) are
candidates for hepatic resection at initial presentation.4,5 In

addition, of these, most patients develop recurrent disease
after hepatic metastatectomy. For unresectable hmCRC
patients, systemic chemotherapy remains the standard
first-line therapy. Despite significant gains in therapeutic
efficacy achieved in the past decade with modern systemic
regimens that combine fluoropyrimidines and leucovorin
with oxaliplatin (FOLFOX), irinotecan (FOLFIRI), and/or mo-
lecularly targeted biological agents such as bevacizumab
(Avastin; Genentech, Inc., South San Francisco, CA), cetuximab
(Erbitux; Bristol-Meyers Squibb Co., Princeton, NJ), panitu-
mumab (Vectibix; Amgen, Inc., Thousand Oaks, CA), and
regorafenib (Stivarga; Bayer HealthCare Pharmaceuticals,
Wayne, NJ),6,7 most patients eventually develop progressive
disease. There therefore remains a need for liver-directed
locoregional therapies for patients with unresectable liver-
dominant or liver-only hmCRC, especially those who fail
frontline systemic treatment regimens.

Hepatic intra-arterial therapies for hmCRC are intuitively
attractive because the blood supply to liver metastases is
almost exclusively via the hepatic arteries, whereas vascular-
ization of normal liver parenchyma is 70% portal and 30%
arterial.8 Catheter-based hepatic intra-arterial therapies thus
preferentially deliver therapeutic agents to metastatic foci
while minimizing systemic exposure and treatment-associ-
ated toxicities. Contemporary intra-arterial treatment op-
tions for hmCRC include radioembolization (RE) with
microspheres labeled with the β emitter yttrium-90 (90Y);
transarterial chemoembolization (TACE) using either emul-
sions of ethiodized oil and chemotherapy solution
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Abstract Intra-arterial therapies for unresectable hepatic metastases from colorectal cancer
include radioembolization (RE) with yttrium-90 microspheres, transarterial chemo-
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using an organ isolation system. In this article, we discuss our approach toward
treatment selection, followed by details of how RE and TACE are performed at our
institution.
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(conventional TACE) or drug-eluting beads loaded with iri-
notecan (DEBIRI-TACE); hepatic arterial infusion (HAI) of
chemotherapy; and percutaneous hepatic perfusion (PHP,
also termed chemosaturation) using an organ isolation per-
fusion system with melphalan.9

Treatment Triage and Rationale

Relative to other hepatic intra-arterial therapeutic options,
there is a more robust and mature body of evidence support-
ing the use of 90Y RE to treat unresectable hmCRC patients.
The data have consistently demonstrated clinical benefits and
a low toxicity profile with this treatment regimen, with
fatigue the most common adverse effect. Moreover, among
metastatic processes, unresectable hmCRC has been the most
extensively studied indication for RE. This collective clinical
experience, resulting from phase 1 through 3 clinical trials
that include prospectively randomized studies, is compre-
hensively summarized in recent reviews.10–14

Although several studies have shown early evidence that
RE combined with systemic chemotherapy regimens poten-
tiates treatment response compared with chemotherapy
alone,15–20 further investigation is required to better define
the role of RE as first- or second-line therapy in the treatment
paradigm for hmCRC (►Fig. 1).13 The currently available data,
however, have established RE as a valuable therapeutic
salvage option for patients who have failed prior systemic
chemotherapy regimens (results of select studies are sum-
marized in ►Table 1).21–29 For example, in a multicenter
prospective phase 2 trial of 50 hmCRC patientswho had failed
prior oxaliplatin- and irinotecan-based chemotherapy regi-
mens, the overall response rate after a single intra-arterial
administration of 90Y resin microspheres was 24%, with dis-
ease stabilization in another 24%.21 Median overall survival
was 16 months among responders, 8 months among non-
responders, and 13 months overall. Similarly, in a multicenter
retrospective study of 208 unresectable hmCRC patients who
had exhausted all other treatment options including systemic
chemotherapy, ablation, and other locoregional intra-arterial
therapies, overall response rate after RE with 90Y resin micro-
spheres was 35.5%, with stable disease in 55%.22 Median
overall survival in this study was 10.5 months among res-
ponders and 4.5 months in nonresponders. These results
compare favorably with systemic salvage studies, where me-
dian overall survival rates range from 3 to 7 months.10,27

Because most unresectable hmCRC patients referred to our
practice for hepatic intra-arterial therapy present in the sal-
vage therapy setting, 90Y RE has become ourmainstay offering.

For unresectable hmCRC patients who have failed or have
contraindications to RE, we selectively treat with DEBIRI-
TACE. As a newer intra-arterial therapeutic option (with the
first clinical experience reported in 200630), the cumulative
clinical data for DEBIRI-TACE remains limited, although the
published results thus far are encouraging.31–33 In a recent
prospective multi-institutional study, 74 hmCRC patients
who had previously been treated with at least two or three
lines of systemic chemotherapy were randomized to receive
DEBIRI-TACE or systemic FOLFIRI.33 Subjects in the DEBIRI-

TACE group showed gains in overall survival (7 months) and
progression-free survival (3 months) compared with those
who received systemic FOLFIRI. Achieving such results can be
challenging, however, because the recommended treatment
algorithm for TACE with DEBIRI requires two treatment
sessions for each involved lobe separated by 4 weeks.34,35

Thus hmCRC patients with bilobar disease, which are the
majority in the salvage setting, need to undergo four proce-
dures. Furthermore, the DEBIRI toxicity data suggest a more
severe postembolization syndrome relative to RE, with grade
2 to 3 abdominal pain observed in up to 30% of treatment
sessions.33,34

Conventional TACE is another option for the treatment of
unresectable hmCRC.36–40 There have been no studies directly
comparing DEBIRI-TACE and conventional TACE; thus the deci-
sion to provide one over the other is often a matter of institu-
tional preference. We currently prefer DEBIRI-TACE because of
the encouraging results of recent clinical trials, the accepted role
of irinotecan in frontline systemic regimens for metastatic CRC,
and the paucity of compelling data favoring conventional TACE
despite several decades of clinical experience.

HAI requires implantation of a pump and an attached
catheter placed through the gastroduodenal artery (GDA)
and tip positioned at the GDA-hepatic artery junction for
repeated intra-arterial delivery of various chemotherapy
agents, most frequently floxuridine (FUdR).9,41 Placement
of HAI systems is traditionally performed surgically with
surgical skeletonization of the hepatic artery, although per-
cutaneous techniques using arterial ports have also been
reported.42,43 PHP is similar toHAI except that a concentrated
chemotherapeutic (melphalan) is delivered via a percutane-
ously placed hepatic artery catheter, and a second catheter
with occlusion balloons inflated in the supra- and infrahe-
patic inferior vena cava is used to isolate and collect hepatic
venous drainage that is then filtered prior to return to
the circulation. The PHP organ isolation delivery system
(CHEMOSAT; Delcath Systems, New York, NY) is currently
not approved by the Food and Drug Administration (FDA) for
use in the United States. Availability of both HAI and PHP is
limited to a few centers in the United States, and readers are
referred to other sources for more details.9,41,44,45

90Y Radioembolization

There are currently two commercially available 90Y-labeled
microspheres in the United States, with one composed of a
biocompatible resin (SIR-Spheres; SIRTex Medical, Ltd.,
Sydney, Australia) and the other composed of glass (Thera-
Sphere;MDSNordion, Inc., Ontario, Canada). The resinmicro-
spheres have full premarket approval by the FDA for the
treatment of unresectable hmCRC.46 The glass microspheres
have a Humanitarian Device Exception from the FDA for
treatment of unresectable hepatocellular carcinoma.47 In
addition to these regulatory approval (and thus institutional
review board and insurance coverage) differences, we use the
resin 90Y microspheres for most hmCRC cases because only a
small minority of patients in the hmCRC RE literature were
treated with glass microspheres.14 We do, however, use the
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less embolic glass microspheres in cases of portal vein
thrombosis, previous portal vein embolization, or severe
hepatic arteriopathy due to bevacizumab or other systemic
vasculotoxins. Portal vein compromise is a contraindication
for the resin microspheres, which are embolic due to their
larger diameter (20 to 60 µm versus 20 to 30 µm) and lower
per particle radioactivity (50 Bq versus 2500 Bq) that requires
delivery of a substantially greater number of microspheres to
achieve any given activity.46,47

Preprocedure
The work-up for 90Y RE includes review of recent cross-
sectional imaging, either multiphasic contrast-enhanced
computed tomography (CT) or magnetic resonance imaging
as well as positron emission tomography (PET) if available.
This evaluation is performed to assess intrahepatic tumor
burden and distribution, extrahepatic disease, portal vein
patency, and hepatic arterial anatomy. Clinical laboratory
tests are obtained to measure hepatic, renal, and hematopoi-
etic function, and to determine a baseline carcinoembryonic
antigen (CEA) level. All patients are seen in clinic where
clinical history, CRC treatment history, physical examination,
and performance status are evaluated. The clinic visit is also

used to discuss with patients their candidacy for RE, the
treatment process, expected outcomes, potential toxicities,
radiation safety, and postprocedure follow-up. Patients are
provided an informational package that contains a DVD on
RE48 and prescriptions formedications and laboratory tests to
be used following 90Y microsphere administration.

In our practice, selection criteria for treatment of CRC
patients with 90Y RE include unresectable metastatic disease
isolated to or mainly involving the liver, Eastern Cooperative
Oncology Group (ECOG) Performance Status (PS)49 �2, bili-
rubin <2.0 mg/dL, and the absence of uncorrectable coagul-
opathy, renal function, or allergy issues that would preclude
arterial catheterization or iodinated contrast angiography.
We recommend RE only for patients in whom the hepatic
disease is the most life threatening, and thus we do not
perform RE on patients with brain metastases, extensive
peritoneal metastases, debilitating lung or bone metastases,
and so on. Furthermore, patients with a compromised am-
pulla of Vater, whether due to previous biliary surgery or
biliary stent placement, are at high risk for infectious com-
plications and should undergo antibiotic prophylaxis prior to
and following this treatment.50 Patients with biliary obstruc-
tion may undergo endoscopic or percutaneous drainage and

Figure 1 Complete response to first-line treatment with radioembolization (RE) using yttrium-90 (90Y) resin microspheres. (A) Frontal maximum
intensity projection of positron emission tomography scan of a patient with liver metastases from colorectal cancer prior to treatment
demonstrated large bilobar hypermetabolic hepatic lesions. (B) Follow-up imaging studies 3 and 6 months after whole-liver RE treatment showed
complete response of the metastases, which was sustained 1 year later while the patient was receiving systemic chemotherapy.

Table 1 Outcomes of Radioembolization with 90Y resin Microspheres for Salvage Therapy of Patients with Hepatic Metastases from
Colorectal Cancer

Study N ORR (%) SD (%) Median overall survival (months)

Kennedy et al22 208 35.5 54.8 10.5 (responders)
4.5 (nonresponders)

Bester et al23 224 NR NR 11.9

Cosimelli et al21 50 24.0 24.0 12.6

Nace et al26 51 12.9 64.5 10.2

Cianni et al24 41 46.3 36.2 11.6

Jakobs et al25 41 17.1 61.0 10.5

Abbreviations: NR, not reported; ORR, objective response rate (complete response plus partial response); SD, stable disease.
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be reevaluated for candidacy after normalization of biliary
physiology.

Salvage hmCRC patients tend to present with bilobar
disease without underlying cirrhosis, and serum bilirubin is
usually normal. However, in patients without biliary obstruc-
tion, liver function may be compromised due to extensive
intrahepatic tumor burden or iatrogenic hepatic insults.
Salvage patients typically have undergone numerous rounds
of systemic chemotherapy before presenting for locoregional
intra-arterial therapy, so it is imperative to obtain a thorough
treatment history. Prior or ongoing systemic chemotherapy
regimens with or without targeted biological agents, exter-
nal-beam radiation therapy, hepatic surgery or ablation, or
other intra-arterial therapies may have an impact on RE
treatment planning, safety, and efficacy. Due to concern for
potential increased risk of vascular injury and attenuated
arteries that may lead to early reflux and nontarget emboli-
zation, bevacizumab is held for 4 to 6 weeks before the RE
process. Radiosensitizing chemotherapies are typically held
for at least 2 weeks to avoid superimposition of toxicities, but
this practice may change as new data on combination thera-
pies become available.

Preparatory Angiography and Technetium 99m-
Macroaggregated Albumin Scintigraphy
The RE process is divided into two outpatient sessions
performed up to 2 weeks apart. The overall goals of the first
preparatory session are twofold: to skeletonize the hepatic
arterial vasculature to ensure targeted delivery of 90Y micro-
spheres to tumor-bearing liver but not to the gastrointestinal
tract, where inadvertent nontarget deposition can result in
ulceration,51 and then to quantify hepatopulmonary shunting
by technetium 99m (99mTc)-labeled macroaggregated albu-
min (MAA) scintigraphy. Meticulous angiography is per-
formed to characterize the hepatic arterial supply, assess
flow dynamics, identify hepaticoenteric arterial communica-
tions, and recognize tumor-supplying collateral vessels para-

sitized from extrahepatic arteries (EHAs). Endovascular
isolation or skeletonization of the hepatic arterial vasculature
is then performed by aggressive prophylactic embolization of
visualized hepaticoenteric anastomoses to prevent nontarget
gastrointestinal delivery. Parasitized EHAs and select variant
hepatic arteries can be occluded to restore and consolidate
intrahepatic hepatic artery inflow (►Fig. 2).52,53

The evaluation process beginswith careful reviewof cross-
sectional imaging to identify hepatic artery anatomical var-
iants and to screen for potential parasitized EHAs. After
femoral access is achieved, an abdominal aortogram is per-
formed with injection of contrast at around the T8 level to
map thehepatic arterial anatomyand to reveal hypertrophied
EHAs suspicious for parasitization. Commonly parasitized
EHAs include the right inferior phrenic (►Fig. 2) and right
T8 to T11 intercostal arteries.53 After a parasitized EHA is
confirmed by selective arteriography, it may be embolized to
stasis using large particles with or without blockade of the
parent EHA with coils. The purpose of this is not to induce
tumor ischemia, but to restore intrahepatic arterial supply to
territories previously perfused by the parasitized EHA
through preexisting intrahepatic channels to allow for hepat-
ic artery delivery of 90Y microspheres to these regions.

Digital subtraction angiography (DSA) is performed with a
5F catheter positioned in the common hepatic artery to
carefully identify vessels that may supply extrahepatic pa-
renchyma (►Fig. 3). We routinely coil embolize the right
gastric artery (RGA) and the GDA, unless planned selective
administration of 90Y microspheres is far distal to these
vessels. Hepatic arteriography is often performed in at least
two projections to better visualize the origin of the RGA,
whichmost commonly arises from the proximal left or proper
hepatic artery. Cannulation of the RGA can be challenging,
requiring use of a preshaped microcatheter, formation of a
Waltman loop, or retrograde catheterization via the left
gastric artery.54 For both the RGA and GDA, we aim to
embolize the vessel completely to its origin because small

Figure 2 Embolization of parasitized extrahepatic arteries (EHAs). (A) Arteriogram of the right inferior phrenic artery demonstrated parasitized
collateral vessels supplying the posterior superior medial periphery of a large hepatic colorectal cancer metastasis via the bare area. After
prophylactic coil embolization of a left phrenic arterial branch, the tumor-supplying parasitized branches were embolized to stasis using 500- to
700-µm Embospheres (Merit Medical Systems, Inc., South Jordan, UT). (B) Subsequent cone-beam C-arm computed tomography performed with
contrast administered via the common hepatic artery demonstrated contrast enhancement of the entire posterior right hepatic lobe lesion all the
way to the capsule, confirming restoration of intrahepatic arterial supply to portions of the lesion previously supplied by parasitized EHAs (arrows).
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proximal branches may hypertrophy and continue to supply
the gastrointestinal tract if embolization is incomplete. Accu-
rate embolization of the origin can be facilitated by use of
detachable microcoils or AMPLATZER Vascular Plugs (St. Jude
Medical, Inc., St. Paul, MN). Other hepaticoenteric anastomo-
ses that we commonly embolize include the supraduodenal,
pancreaticoduodenal (retroduodenal), and falciform arteries.
Angiographic images of the left hepatic artery should be
carefully reviewed for the presence of accessory left gastric,
accessory phrenic, and inferior esophageal arteries. These
should be coil embolized if identified. Prophylactic emboli-
zation of the cystic artery is controversial. Doing so does not
appear to decrease the incidence of surgical cholecystitis
(�1%); thus we only embolize the cystic artery if a bowel-
supplying marginal or supraduodenal branch is identified
originating from the cystic artery.

For patients with replaced or accessory hepatic arteries,
each variant hepatic artery is evaluated angiographically to
characterize the hepatic territory supplied. In situations
where the planned treatment territory is supplied by both
a variant and nonvariant hepatic artery, the less dominant
supplying vesselmay be coil embolized to consolidate hepatic
arterial inflow and thus simplify 90Y microsphere adminis-
tration.52 Inflow consolidation can also improve safety by
avoiding microsphere infusion into variant hepatic arteries
that originate in close proximity to enteric branches, where
reflux would result in gastrointestinal complications.

To determine the completeness of hepatic artery skeleto-
nization and to evaluate where 90Y microspheres will distrib-
ute in the liver, a microcatheter is positioned in the
anticipated microsphere implantation site(s) to perform con-
trast-enhanced cone-beamC-armCT (CACT) using an imaging
protocol previously described.55 If treatment of the whole
liver is planned in a patient with standard hepatic arterial
anatomy, contrast is administered via the proper hepatic
artery. For planned lobar RE, contrast is injected through

the respective lobar hepatic artery. CACT images are carefully
scrutinized for possible extrahepatic parenchymal enhance-
ment and areas of nonenhancement in the desired intra-
hepatic treatment territory. The former indicates the
presence of unrecognized hepaticoenteric communications,
whereas the latter signifies competitive intrahepatic perfu-
sion by undetected accessory hepatic arteries or parasitized
EHAs. We have found that CACT provides valuable arterial
perfusion information not detectable by DSA or 99mTc-MAA
scintigraphy, and we frequently use this technology through-
out the preparatory angiography session as a problem-
solving tool to interrogate vessels in which it is unclear
what tissue is being perfused.55

Once prophylactic embolization is satisfactorily complet-
ed, 1 mCi of 99mTc-MAA is administered intra-arterially
through a catheter positioned at the planned microsphere
implantation site(s), as previously described for completion
contrast-enhanced CACT. Patients then undergo planar scin-
tigraphy to calculate lung shunt fraction (LSF) and single-
photon emission CT (SPECT) imaging to provide a second
lower resolution means to evaluate for possible extrahepatic
deposition and predict intrahepatic microsphere distribu-
tion. Unique to our practice, sulfur colloid (SC) imaging is also
performed. Without moving the patient, 5 mCi of 99mTc-SC is
administered intravenously, and SPECT is repeated.56 The
99mTc-MAA and 99mTc-SC SPECT data sets are fused and
analyzed to better characterize predicted radiation dose
distribution between normal liver and tumor.

Dosimetry
For resin 90Y microspheres, the standard body surface area
(BSA) method is used to calculate dose. Activity is determined
using the following formulas: Activity in GBq ¼ (BSA � 0.2) þ
(% tumor involvement); BSA in m2 ¼ 0.20247 � (height
in m)0.725 � (weight in kg)0.425. Percent tumor involvement
is estimated according to preprocedure cross-sectional

Figure 3 Hepatic artery skeletonization in preparation for radioembolization (RE). (A) Common hepatic arteriogram portrayed numerous
hepaticoenteric communications, as well as anatomical variants of the gastroduodenal (black arrow) and posterior superior pancreaticoduodenal
(white arrow) arteries originating from the right hepatic artery. (B) Endovascular skeletonization was performed by prophylactic coil embolization
of all recognized hepaticoenteric anastomoses including the right gastric artery (1), dorsal pancreatic artery (2), gastroduodenal artery (3),
posterior superior pancreaticoduodenal artery (4), and a supraduodenal artery originating from the right hepatic artery (5). RE was performed by
separate microsphere administrations via the left and right main hepatic arteries.
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imaging and preparatory angiography and CACT images. Al-
though the BSA method is recommended by consensus and by
the manufacturing company,57 it has recognized limitations.58

Improving and customizing dose calculation is the subject of
ongoing investigations.

Per manufacturer instructions, to minimize the risk of
radiation pneumonitis, dose reduction should be considered
when LSF is between 10% and 20%; RE should not be per-
formed when LSF is >20%.46 However, we prefer to calculate
the expected pulmonary absorbed dose and make adjust-
ments only if the exposure to the lungs is >30 Gy per
treatment or 50 Gy cumulatively.59 Fortunately, elevated
LSF is rare in hmCRC patients.

We also incorporate further dose adjustments or poten-
tially fractionate treatment in hmCRC patients who are
candidates for RE but are at higher risk for adverse events.
Such situations may include an ECOG PS of 2, total bilirubin
level of 1.5 to 2 mg/dL, advanced age, multiple lines of prior
hepatotoxic systemic chemotherapy, previous resections or
ablations, and history of external-beam radiation therapy
that overlapped the hepatic region.60

90Y Microsphere Administration
To begin the 90Y microsphere administration procedure, DSA
and contrast-enhanced CACT are repeated to confirm com-
pleteness of hepatic artery skeletonization. In our experience,
�30% of treatment sessions reveal new or recanalized hep-
aticoenteric vessels.61 If these communications persist and
are too diminutive or tortuous to coil embolize, a special
antireflux microcatheter (Surefire Infusion System; Surefire
Medical, Inc., Westminster, CO) may be positioned distal to
these vessels for 90Y microsphere administration.62 Other-
wise, standard microcatheters are used for microsphere
delivery.

For patients with bilobar disease, whole liver treatment
may be performed in a single session or in two sequential
lobar treatments at different sessions separated by 4 to
6 weeks. Whole liver single session treatment is preferred
in part to prevent interval accelerated growth of contralateral
untreated tumors and also to avoid potential medical insur-
ance difficulties. To mitigate the risk for gastrointestinal
complications, when feasible, single-session whole liver
treatments are performed with sequential administrations
via lobar arteries rather than delivery via the common or
proper hepatic artery. For each infusion site, a separate
microsphere dose is drawn and delivered.

Before microsphere delivery, a corticosteroid (dexameth-
asone 8 to 12 mg), a proton pump inhibitor (pantoprazole
40 mg), and an antiemetic (ondansetron 8 mg) are adminis-
tered intravenously. Readers are referred to the package
insert for detailed instructions on how to set up and use
the device-specific administration apparatus.46,47 After con-
firming correct positioning of themicrocatheter and presence
of antegrade arterial flow, the 90Y microspheres are slowly
delivered in small aliquots. Because the resin 90Y micro-
spheres are embolic, there is risk of reflux, and thus it is
important to monitor delivery carefully with iterative angi-
ography between aliquots. If near-stasis of antegrade flow is

observed, microsphere infusion should be suspended and
possibly terminated. After 90Y microsphere implantation,
some groups advocate performing a Bremsstrahlung or PET
scan to document a low-resolution image of microsphere
distribution.63 The value of this practice has yet to be proven
because there are no methods to reverse nontarget micro-
sphere administration.

Postprocedure and Follow-Up
After microspheres are delivered, patients are discharged the
same day with a 10-day oral methylprednisolone taper regi-
men, 30-day course of proton pump inhibitor, and oral
analgesic and antiemetic agents as needed. Toxicity is usually
mild, featuring fatigue, abdominal discomfort, nausea, and
anorexiawith symptoms typically resolving in 1 to 4weeks. A
follow-up telephone call to patients is made 5 to 7 days after
treatment to identify potential severe toxicities and to pro-
vide needed encouragement.

Clinical laboratory tests (complete blood count with dif-
ferential, liver function tests, coagulation panel, and CEA
level) are obtained at 2, 4, 8, and 12 weeks postprocedure,
and follow-up cross-sectional imaging is performed in 2 to
3 months. Patients are seen in clinic 1 month after 90Y
microsphere administration to assess for potential complica-
tions, and then after follow-up cross-sectional imaging is
obtained to review outcomes.

TACE with DEBIRI

Although DEBIRI-TACE is being proposed as a possible com-
petitor to RE, the state of the published literature is limited.
This intra-arterial hmCRC treatment should certainly be
considered in cases where 90Y RE is contraindicated or if
there is recurrent or residual disease following RE. Patients
with >60% metastatic replacement of the liver are cautioned
against this treatment.35 Selection criteria are otherwise
similar to those used for RE and conventional TACE.

For hmCRC patients with bilobar disease, the recom-
mended treatment algorithm requires four separate lobar
treatments, alternating between right and left lobes with at
least a 2-week interval between sessions.34,35 For each treat-
ment session, up to one vial of 100- to 300-μm LC Beads
(Biocompatibles, Oxford, CT) loaded with 100-mg irinotecan
is delivered, as selectively as appropriate to treat all the visible
hepatic disease.

DEBIRI-TACE is performed in a similar fashion to other
TACE procedures,64,65 with the main difference being the use
of more aggressive analgesic measures because many pa-
tients experience more severe abdominal pain compared
with patients who undergo conventional TACE.33,34 In the
preoperative area, patients are provided the same prophylac-
tic drugs as with RE, including antiemetics, dexamethasone,
and a proton pump inhibitor. In addition, a patient-controlled
analgesia (PCA) pump is prepared for postprocedure use.
After the hepatic arterial anatomy is evaluated angiographic-
ally, a microcatheter is positioned at the desired location for
selective bead delivery. The supernatant containing free
irinotecan is removed, and the loaded beads are suspended
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in �20 mL of nonionic contrast. Before administration of the
beads, 2 to 4 mL of 1% preservative-free lidocaine may be
slowly injected intra-arterially to diminish potential TACE-
related pain.66 The beads are then slowly delivered under
fluoroscopic imaging to monitor for reflux. Postprocedure,
patients are admitted overnight with the PCA pump and
antiemetic medications as needed for management of post-
embolization syndrome, and theyare typically discharged the
next day. After discharge, patients are prescribed a 30-day
course of a proton pump inhibitor and oral analgesic and
antiemetic agents as needed.

Conclusions

Based on the current literature on intra-arterial therapies for
unresectable hmCRC, appropriate candidates are treatedwith
90Y RE using resin microspheres, usually in the salvage
setting. Given the less mature data for DEBIRI-TACE, this
treatment modality is currently reserved for patients who
have contraindications to RE or present with residual or
recurrent metastatic disease after RE. The role of intra-
arterial therapies will continue to evolve and further inte-
grate into the treatment algorithm for hmCRC as level I data
become available. There is considerable optimism for the use
of 90Y RE earlier in the disease process and with concomitant
radiosensitizing chemotherapy regimens as frontline treat-
ment for hmCRC.15–20 Several prospective clinical trials com-
bining RE with chemotherapy regimens and/or biological
agents are currently underway, and they will undoubtedly
affect the way interventional radiologists care for patients
with metastatic CRC.9,12
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