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Transcatheter intraarterial therapies have proved valuable
in the battle against primary and secondary hepatic malig-
nancies. The unique aspects of all such therapies are their
reduced toxicity profiles and highly effective tumor re-
sponses. These unique characteristics coupled with their
minimally invasive nature provide an attractive therapeu-
tic option in patients who may have previously had few
alternatives. The concept of all catheter-based intraarte-
rial therapies is to selectively deliver anticancer treatment
to tumor(s). These therapies, which include transarterial
embolization, intraarterial chemoinfusion, transarterial
chemoembolization with or without drug-eluting beads, and
radioembolization with use of yttrium 90, inflict lethal in-
sult to tumors while preserving normal hepatic parenchyma.
This is possible because hepatic neoplasms preferentially
derive their blood supply from an arterial source while the
majority of noncancerous liver is supplied by the portal vein.
As part of the interventional oncology review series, in
this article we describe the rationale behind each of these
transcatheter therapies and provide a review of the exist-
ing medical literature.
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ranscatheter intraarterial therapies
are image-guided local-regional ther-
apies used for the treatment of
patients with primary and metastatic
tumors, especially those confined to the
liver. The goal of these therapies, which
include embolization, infusional ther-
apy, chemoembolization with or with-
out drug-eluting beads, and radioem-
bolization using yttrium 90 (*°Y), is to
inflict lethal insult to tumor(s) by selec-
tively delivering anticancer treatment
to the arterial supply of the tumor. The
anticancer effect of embolization is based
on terminal arterial blockade and sub-
sequent tumor ischemia. Chemoinfu-
sion therapy involves local and targeted
delivery of high concentrations of chemo-
therapeutic drugs directly to the tumor,
whereas chemoembolization with or
without drug-eluting beads combines
local and targeted drug delivery with
concurrent tumor-feeding artery embo-
lization (1-3). Radioembolization com-
bines delivery of internal radiation to
the tumor with concomitant microem-
bolization of its feeding artery (4-6).
These therapies all appear to have some
role in palliating and providing survival
benefit in select patient populations
(7,8). The role of these therapies has
been established in the past decade.
Treatment of liver tumors by means
of arterial embolization was initially pro-
posed in the late 1970s, with the goal of
controlling symptoms and local tumor

B Transcathter intraarterial ther-
apies have proved valuable in the
battle against primary and sec-
ondary hepatic malignancies.

B The concept of all catheter-based
intraarterial therapies is to selec-
tively deliver anticancer treat-
ment to tumor(s).

B Transcathter intraarterial ther-
apies demonstrate highly effec-
tive tumor responses with
reduced toxicity profiles.

B Transcatheter intraarterial ther-
apies have great potential in
combination with other treat-
ment modalities such as ablation
or systemic therapies.

growth by cutting off the tumor blood sup-
ply (9-11). Series from the late 1970s and
early 1980s (12-14) highlighted the use
of intraarterial infusion of chemothera-
peutic drugs directly into the liver for
primary and metastatic liver tumors, and
from this, the addition of chemotherapy
to arterial embolization was popularized
(15-17). Chemoembolization emerged
as standard of care for unresectable he-
patocellular carcinoma (HCC) when two
randomized controlled trials (7,8) dem-
onstrated a significant survival benefit in
patients undergoing this procedure ver-
sus best supportive care. Drug-eluting
beads, polyvinyl alcohol-based micro-
spheres that can be loaded with various
types of chemotherapeutic agents, have
more recently been developed in effort to
improve the pharmacokinetic profile of
the chemotherapeutic agents adminis-
tered (2,18). Overcoming the shortcom-
ings of the techniques of external beam
radiation, radioembolization has sepa-
rately emerged over the past decade (19).

The aim of this article is to provide
an overview of transcatheter intraarterial
therapies, particularly as they relate
to hepatic interventions. The rationale
behind each modality will be discussed,
and the principles behind their thera-
peutic effect will be analyzed.

Technical Considerations

Since hepatic neoplasms preferentially
derive their blood supply from an arterial
source while the majority of noncancer-
ous liver is supplied by the portal vein,
transcatheter intraarterial therapies are
possible (20,21). This allows for selective
therapy delivery to tumors and protects
against ischemic necrosis if the arterial
supply is occluded, as is common fol-
lowing transarterial embolization and
chemoembolization. Although portal vein
thrombosis was once considered a con-
traindication to these hepatic arterial
embolization procedures, recent publi-
cations have revealed a highly selective
approach may be safe (22-24). Radioem-
bolization, a much less embolic procedure,
has proved safe and effective in patients
with portal vein thrombosis (25,26).
Optimal utilization of all transcath-
eter therapies requires knowledge of

variant hepatic anatomy (27). This is
critical for both appropriate targeted
therapy delivery and the prevention of
complications. Specifically, awareness
of extrahepatic vessels arising from the
hepatic arteries (28,29) is critical to
prevent toxicities from nontarget embo-
lization. Figure 1 delineates many of the
extrahepatic arterial pathways that are
of interest in these procedures. The
prospective identification of these non-
target vessels can minimize the risk of
adverse events related to the extrahepatic
deposition of the therapeutic agent.

Technical considerations have been
published for transarterial chemoembo-
lization (with and without drug-eluting
beads) and radioembolization (30-34).
At present, radioembolization is poten-
tially one of the more technically chal-
lenging of the transcatheter emboliza-
tion procedures because of the risk of
nontarget embolization. Given this, de-
tailed angiographic considerations have
been published (35,36). However, it is
now being recognized that all loaded
embolic therapies (*°Y and drug-eluting
beads) can result in severe adverse events
when delivered to nontarget vascular
territories. As experience with drug-
eluting beads continues to increase, un-
expected adverse events are now being
identified (33). These findings reinforce
the notion and concept that meticulous
angiography and identification of collat-
erals should be undertaken prior to all
transcatheter intraarterial therapies, no
matter the embolic intent.

Transarterial Embolization

Background

The concept of treating liver malig-
nancy by occluding its blood supply was
]
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introduced in the 1950s and continues
to be the basis of transarterial emboli-
zation in the treatment of unresectable
disease (37,38). In this procedure, an
embolizing agent (eg, gelfoam, polyvi-
nyl alcohol, acrylic copolymer gelatin
particles) is administered via arterial
catheter with the goal of completely oc-
cluding the tumor-feeding arterioles.
The goal of this therapy is terminal ar-
terial blockade. No other therapy (such
as chemotherapy or radiation) is per-
formed with this treatment. Findings of
several experimental and clinical trials
using various microsphere sizes have
shown that although particles smaller
than 40 wm preferentially (6- to 12-fold)
accumulate in tumor vasculatures, they
may pass through sinusoids and tumor-
related arteriovenous shunts into the sys-
temic circulation, and thus, may produce
serious embolic complications (39,40).

Although embolization of the feed-
ing arteries has been shown to induce
tumor necrosis and cell death, recent
research has shown that tumor ische-
mia and hypoxia may actually result in a
cascade of detrimental events, including
(a) stimulating neoangiogenesis by up-
regulating proangiogenic factors (eg,
hypoxia-induced factor 1 alpha, vascular
endothelial growth factor) and (b) pro-
viding a mechanism for resisting apopto-
sis (41,42). Further, hypoxia has been
associated with metastasis and poor out-
comes, with an unclear mechanism (43).

Clinical Evidence

In 1998, Brown et al (44) retrospectively
evaluated survival outcomes in 46 pa-
tients with HCC treated with transarte-
rial embolization over a 4-year period.
This heterogeneous cohort underwent
86 sessions of transarterial emboliza-
tion, in which 81% experienced postem-
bolization syndrome. The authors con-
cluded that particle embolization for HCC
was well tolerated and demonstrated
actuarial survivals of 50% and 33% at
1 and 2 years, respectively.

Bruix et al (45) prospectively re-
ported findings in 80 patients enrolled
in a randomized controlled trial treated
with transarterial embolization. The in-
vestigators concluded that despite the
ability of transarterial embolization to

retard growth of the tumor, no survival
benefit was seen between the two groups.
In fact, the authors suggested abandon-
ing this mode of therapy for HCC.
Covey et al (46) reported on the use
of transarterial embolization in 45 pa-
tients with postoperative HCC tumor re-
currence. In their cohort, 97% of patients
had Okuda stage I disease. The median
overall survival was 46 months, with 1-,
2-, and S5-year actuarial survival rates of
86%, 74%, and 47%, respectively. The
median length of hospital stay was 3.2
days following therapy. The authors con-
cluded that transarterial embolization
following disease recurrence was an ef-
fective method of salvage therapy for pa-
tients with preserved hepatic function.
In one of the largest series reported,
Maluccio et al (47) reported findings
in 322 patients with inoperable HCC
treated with transarterial embolization.
The median survival for the entire co-
hort was 21 months from the first treat-
ment. The 1-, 2-, and 3-year survival rates
were 66%, 46%, and 33%, respectively.
There was a 2.5% 30-day periprocedure
mortality rate. Grade 3-4 complications
included vascular dissections (n = 3),
myocardial infarctions (n = 3), and con-
trast material-induced nephropathies
(n =9). Toxicities related to nontarget em-
bolization included cholecystitis (n = 3),
pancreatitis (n = 3), and hepatic de-
compensation (n =9). The authors con-
cluded that transarterial embolization
with particles was effective in treating
patients with unresectable HCC, and that
particles alone may be the critical com-
ponent of intraarterial embolotherapy.
Besides HCC, transarterial emboli-
zation has been used for pain and symp-
tomatic control for neuroendocrine and
sarcoma metastases to the liver (48).
The principles and techniques of tran-
sarterial embolization have also been
applied to nonhepatic sites. Introduced
by Lalli et al in 1969 (49), embolizia-
tion of hypervascular renal tumors has
been used preoperatively to facilitate
nephrectomy (50), as well as to palliate
patients with unresectable renal cell
carcinoma (51-53). Transcatheter arte-
rial embolization has also proved suc-
cessful and clinically effective in helping
to minimize intraoperative and postop-

erative bleeding in patients with muscu-
loskeletal tumors (54-57).

Intraarterial Chemoinfusion

Background

The rationale for regional chemotherapy
is to maximize drug concentrations and
tumor drug uptake in the target organ
and minimize systemic toxicity (58). For
regional drug delivery to be successful,
several important principles regarding
tumor biology, drug pharmacology, and
delivery systems must be fulfilled (59).
The first concept is that regional de-
livery of a drug leads to increased local
concentration of the drug. This only holds
true for drugs demonstrating first-order
kinetics (constant clearance) despite the
higher dose. The second concept is that
the increased local drug concentration
of a drug leads to increased therapeutic
response. While this may be true for
cytotoxic drugs exhibiting a steep dose-
response curve, it might not be so for
targeted agents whose therapeutic effect
occurs at a specific drug concentration
(60). The third concept is that regional
drug delivery leads to decreased systemic
exposure of that drug. This depends on
the extent of the metabolism or elimina-
tion of the drug during first-pass effect.
Finally, other drug properties need to be
considered. These include drug stability
at room temperature, high solubility to
be infused in small volumes, and com-
patibility with titanium, stainless steel,
silicone rubber, and polyurethane (61).
Floxuridine (5-fluoro-2’-deoxyuridine),
FUDR, is a good example of an ideal drug
for arterial infusion therapy. FUDR is ac-
tive against metastatic colorectal cancer.
In vivo studies have shown a sigmoidal
dose-response curve to FUDR (62), and
the pharmacokinetics of FUDR is linear
and not saturated even at dose rates
greater than used clinically (63). Further,
hepatic extraction of FUDR is higher
following intraarterial administration
versus intravenous administration (63).
Arterial port catheter systems for in-
traarterial chemotherapy were historically
placed surgically. Advances in minimally
invasive techniques have allowed for the
percutaneous placement of these devices
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Figure 1

Figure 1:

g.

Common extrahepatic arteries that need to be recognized and potentially embolized prior to transcatheter intraarterial therapy. (a) Celiac angiogram reveals

right gastric artery (arrows) originating from the proximal left hepatic artery. (b) Right hepatic angiogram reveals cystic artery (arrow) originating from the proximal right
hepatic artery. (c) Celiac angiogram in a patient with a replaced right hepatic artery from the superior mesenteric artery. Arrows delineate a faint linear vessel coursing
from the segment IV branch of the left hepatic artery. (d) Selective left hepatic angiogram better demonstrates the falciform artery (black arrows). The tumor blush is now
visible (white arrows). (e) Left hepatic angiogram reveals an accessory left gastric artery (arrows). (f) Delayed phase selective angiogram of the accessory left gastric artery
shows the draining coronary vein (arrow), confirming gastric perfusion. (g) Celiac angiogram reveals arterial-portal fistula in the right hepatic lobe. Off the left hepatic artery,
there is a vessel coursing under the left hemidiaphragm (arrows). (h) Left hepatic angiogram better demonstrates this vessel (arrows) as the left inferior phrenic artery.

by interventional radiologists (64-66).
Many recent studies have refined this tech-
nique, utilizing the common femoral artery
and novel means to secure the catheter
tip in the hepatic arterial tree (67-72).

Clinical Evidence

The principle of chemoinfusion has been
studied most extensively in patients with
colorectal cancer and unresectable liver
metastases. Since 1987, findings of at least

10 prospective randomized phase Il
clinical trials (73-82) comparing systemic
treatment versus chemoinfusion therapy
have been published. These trials have
consistently shown higher response rates
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for chemoinfusion (42%-62%) versus
systemic chemotherapy (9%-21%). These
trials were limited by small numbers,
crossover design methodology, inclusion
of patients with extrahepatic systemic
disease, and difficulty in delivering treat-
ment to patients in the chemoinfusion
arm. Only two of these studies revealed
a benefit in the overall survival.

The role of chemoinfusion therapy
outside of metastatic colorectal cancer
has been studied as well. Most recently,
Okusaka et al (83) published findings of
a randomized phase Il trial comparing
transarterial chemoembolization and in-
fusion chemotherapy for the treatment
of patients with unresectable HCC. In
this prospective 161-patient study, there
was no significant difference when the
median overall survival time was com-
pared between these two therapies. The
authors suggested that treatment inten-
sification by adding embolization did not
increase survival over chemoinfusion
therapy alone.

Intraarterial chemoinfusion therapy
has also been applied to extrahepatic
sites. In 1987, combined chemotherapy
and radiation therapy (with systemic de-
livery of cisplatin) proved a viable treat-
ment alternative to radical cystectomy in
patients with invasive bladder carci-
noma (84). To reduce systemic toxicities
and improve response rate, intraarterial
chemoinfusion was proposed (85). In a
1997 phase 1II trial, Mokarim et al (86)
reported a 74% complete response rate
and a 76.6% actuarial 5-year survival.

Isolated limb infusion therapy is a
minimally invasive technique for deliv-
ering regional chemotherapy (most of-
ten melphalan and actinomycin-D) in
patients with advanced and metastatic
melanoma to a limb. In 2008, Kroon
et al (87) published findings of a 14-year
experience of 185 patients with advanced
metastatic melanoma treated with iso-
lated limb infusion therapy. The overall
response rate was 84%, with median
response duration of 13 months, com-
parable to that obtained with conven-
tional isolated limb perfusion therapy.
Subsequently, the same group reported
on the safety and efficacy of repeat iso-
lated limb infusion therapy in 48 pa-
tients who had recurrent or progressive

disease after prior isolated limb infusion
(88). Of note, isolated limb infusion
therapy can also be used to treat other
limb tumors, such as soft-tissue sarcomas
and advanced or recurrent squamous
and basal cell carcinomas (89,90).

Taking advantage of the principles of
chemoinfusion, Armstrong et al (91) pub-
lished a seminal study in 2006 demon-
strating a therapeutic advantage to intra-
peritoneal chemotherapy in the treatment
of optimally debulked stage Il ovarian,
fallopian tube, and primary peritoneal
cancers. In this randomized study, patients
receiving intraperitoneal chemother-
apy had significantly longer overall sur-
vival (66 vs 50 months) and median
progression-free survival (24 vs 18
months) than those receiving only intrave-
nous chemotherapy. The following year,
the National Institutes of Health issued a
consensus statement advocating the use
of intraperitoneal chemotherapy in pa-
tients with advanced ovarian cancer (92).

Results from a phase Il randomized
trial comparing percutaneous hepatic
perfusion with melphalan to standard of
care for patients with hepatic metastases
from metastatic ocular or cutaneous mel-
anoma were presented at the 2010 Amer-
ican Society of Clinical Oncology annual
meeting (93). In the study patients, mel-
phalan was infused into the hepatic artery
via a percutaneously placed catheter with
hepatic venous hemofiltration by using
a retrohepatic, double-balloon catheter
(Delcath Systems; Delcath, Stamford,
Conn). Median hepatic progression-free
survival was 245 days (95% confidence
interval [Cl]: 136, 267) for hepatic mel-
phalan perfusion versus 49 days (95%
CI: 43, 68) for standard of care (P <
.001). Overall response rate was 34.1%
(15 of 44) (95% CI: 20.3, 49.9) for he-
patic melphalan perfusion versus 2.0%
(one of 49) (95% CI: 0.1, 10.9) for
standard of care (P < .001).

Transarterial Chemoembolization

Background

Transarterial chemoembolization with use
of anticancer drugs followed by Gelfoam
was introduced by Yamada et al in the
late 1970s (94,95). According to the So-

ciety of Interventional Radiology guide-
lines, chemoembolization is currently
defined as the infusion of a mixture of
chemotherapeutic agents with or with-
out iodized oil, followed by emboliza-
tion with particles (96). The concept of
chemoembolization is to administer po-
tent chemotherapeutic agent(s) into the
hepatic arteries supplying the tumor.
This is followed by embolization of the
target vessels with agents such as gel-
foam, polyvinyl alcohol, or acrylic co-
polymer gelatin particles (97). The
intended purpose of embolization is two-
fold: to prevent washout of the drug at
the site of the tumor and to induce ische-
mic necrosis. This necrosis might result
in the failure of transmembrane pumps
in tumor cells, allowing a greater absorp-
tion of chemotherapeutic agents by tu-
mor cells. In a cell culture experiment,
there was a greater uptake of a doxoru-
bicin analog by hepatoma cells under
hypoxic conditions (98). Chemoembo-
lization offers the ability to expose tumors
to high local chemotherapeutic agent
concentrations with minimal systemic
drug bioavailability.

Several variations of this technique
have been demonstrated throughout the
world; no standard protocol has been
uniformly adopted. Centers have differed
in the characteristics of the patients
treated, the choice of the embolizing
agent used, the choice and/or dose of
the anticancer agents used, emboliza-
tion end-points, and the schedule and/or
interval of retreatment (99). In treating
HCC, single-agent doxorubicin is com-
monly used worldwide, whereas the com-
bination of mitomycin C, doxorubicin,
and cisplatin is preferred in the United
States. Irrespective of the agent used, it
is typically emulsified in lipiodol, an oily
contrast agent believed to increase in-
tratumoral retention of the cytotoxic
agent (100-102).

lodized oil has been shown to act as
a carrier of chemotherapeutic agents,
which are released slowly from the lipi-
odol mixture (103,104). Further, iodized
oil has been found to remain selectively
in the neovasculature and extravascular
spaces of liver tumors when injected into
the hepatic artery (105,106). The iodized
oil persists selectively in the tumor for
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a few weeks or months because of hemo-
dynamic differences between hypervas-
cular hepatic tumors and liver paren-
chyma and presumably because of the
absence of Kupffer cells in tumors (107).

Clinical Evidence
Until 2002, there was a lack of compel-
ling data that transarterial chemoembo-
lization offered a survival benefit versus
best supportive care (108-110). The use
of this technique was based on promis-
ing phase Il data showing safety and
effectiveness of the technique according
to the tumor response. However, in 2002,
two landmark studies showed a statisti-
cally significant survival advantage with
the use of transarterial chemoemboliza-
tion versus best supportive care in se-
lected patients with well-preserved liver
functions (7,8). Llovet et al (8) prospec-
tively studied the survival outcomes of
patients treated with fixed interval (inten-
tion to treat) chemoembolization, em-
bolization, and conservative measures.
Survival outcomes for the three arms
showed a survival benefit in stringently
selected patients treated with chemoem-
bolization and embolization versus those
treated conservatively. In a second ran-
domized controlled trial, Lo et al (7)
reported findings of a select group of pa-
tients with unresectable HCC treated
with transarterial chemoembolization or
supportive care. The authors of that study
concluded that transarterial chemoembo-
lization significantly improves survival in
select patients with unresectable HCC.
Transarterial chemoembolization for
metastatic disease has been explored.
In 1998, Tellez et al (111) reported find-
ings on 30 patients with metastatic co-
lorectal cancer treated with transarterial
chemoembolization after failing standard
of care chemotherapy. After transarte-
rial chemoembolization, a radiographic
response defined as a decrease in tu-
mor density of 75% or a decrease in
tumor size of 25% occurred in 63% of
patients. In 95% of patients, there was
at least 25% decrease from baseline car-
cinoembryonic antigen levels. All patients
experienced postembolization syndrome.
The authors concluded that transarterial
chemoembolization is a feasible treatment
modality for patients with colorectal me-

tastasis to the liver who have experienced
failure of systemic therapies. In 2006,
Geschwind et al (112) demonstrated that
transarterial chemoembolization can
prolong survival of patients with colo-
rectal metastases. Most of the patients
in that cohort had previously been treated
with systemic chemotherapy.

In 2003, Roche et al (109) reported
on the outcome of 14 patients with liver
neuroendocrine metastases treated with
transarterial chemoembolization as a
first-line nonsurgical treatment. Tran-
sarterial chemoembolization was per-
formed with doxorubicin emulsified in
lipiodol and gelatin sponge particles.
Complete symptomatic response was
achieved in seven cases and objective
morphologic response was noted in 12
of 14 cases. The 5- and 10-year survival
rates from diagnosis were 83% and 56%,
respectively. More recently, Liapi et al
analyzed imaging responses and deter-
mined survival outcome of 26 patients with
neuroendocrine metastases treated with
transarterial chemoembolization (113).
Mean patient survival was 78 months.
Despite the fact that tumor imaging char-
acteristics significantly changed after
treatment, indicating a successful re-
sponse to therapy, partial response ac-
cording to the World Health organiza-
tion (WHO) and Response Evaluation
Criteria in Solid Tumors (RECIST) was
achieved in only Vs of the cohort, sug-
gesting that imaging response using tra-
ditional size measurements was inade-
quate. This concept of imaging response
criteria is further elucidated in the Fu-
ture Directions section of this article.

Giroux et al (114) performed transar-
terial chemoembolization in eight pa-
tients with liver metastasis from breast
cancer. These patients presented with
pain and/or liver dominant disease un-
responsive to standard of care chemo-
therapy. After transarterial chemoem-
bolization, five patients demonstrated
some tumor regression and one had sta-
ble disease; 50% of the patients had symp-
tomatic relief. All patients died within
13 months of treatment. The authors
concluded that transarterial chemoem-
bolization stabilizes or improves the liver
tumor burden, which may palliate symp-
toms, but most patients develop other

metastases, which eventually lead to
death. Buijs et al (115) reported the ra-
diologic response and survival outcome
of 14 patients with hepatic metastatic
breast cancer. In their study, the mean
tumor size decreased by 18% after treat-
ment and the median patient survival
was 25 months.

In 2005, Burger et al (116) reported
findings in 17 patients with unresectable
cholangiocarcinoma treated with tran-
sarterial chemoembolization. The me-
dian survival was 23 months, with two
of the patients being downstaged to re-
section. Minor complications were pre-
sent in 12% of the patients, and a ma-
jor complication resulting in death was
seen in 6%. The authors concluded that
transarterial chemoembolization was
effective in prolonging survival in this
patient population.

In 2006, Takayasu et al (117) pub-
lished data from a large cohort study of
8510 HCC patients treated with tran-
sarterial chemoembolization (lipiodol,
chemotherapy, gelatin sponge). Exclusion
criteria were extrahepatic metastases
and/or any previous treatment prior to
the transarterial chemoembolization. The
mean follow-up period was 1.77 years.
The overall median survival was 34
months and 1-, 3-, 5-, and 7-year survival
rates were 82%, 47%, 26%, and 16%,
respectively. Multivariate analysis showed
that prognosticators of survival included
degree of liver damage, a-fetoprotein
level, maximum tumor size, number of
tumors, and portal vein invasion. Treat-
ment-related mortality was 0.5%.

Drug-eluting Microspheres

Background

Chemoembolization with drug-eluting
beads represents a relatively new mecha-
nism of enhancing the delivery of potent
anticancer agents to the site of the tumor.
The concept of drug-eluting beads is to load
polyvinyl alcohol-based microspheres
with various types of chemotherapeutic
agents and deliver them intraarterially
in a manner similar to that of conven-
tional chemoembolization. The unique
properties of these beads allow for fixed
dosing and the ability to release the
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anticancer agents in a sustained and con-
trolled manner. Significant reductions of
peak plasma concentrations have been
observed with drug-eluting beads when
compared with conventional chemoem-
bolization, suggesting that a greater
amount of the anticancer agent is being
sequestered by the tumor versus distrib-
uting in the systemic circulation (118).
This may result in a more pronounced
tumor response, while diminishing the
systemic bioavailability of the agent.
An example of drug-eluting beads
is the doxorubicin-capable bead, or DC
bead. DC beads can be loaded with doxo-
rubicin to 25 mg/mL on hydrated beads
by immersing them in a drug solution
for 1 to 120 minutes (119). These beads
have also been loaded with irinotecan
and have been reported to be active and
safe in patients with hepatic metastasis
from colorectal cancer (120). A second
example is a copolymer microsphere
(QuadraSphere; Biosphere Medical,
Rockland, Mass). Initial experiments with
doxorubicin-loaded QuadraSphere mi-
crospheres have shown a safe pharmaco-
kinetic profile and effective tumor killing
in an animal model of liver cancer (121).

Clinical Evidence

In 2007, Varela et al (2) reported on the
applicability, safety, and efficacy of drug-
eluting beads in 27 patients with HCC.
Objective responses of 66.6% were re-
ported by using the European Association
for the Study of the Liver (EASL) and the
American Association for the Study of
Liver Diseases guidelines. Postemboliza-
tion syndrome was observed in 41%
and 18% of treated patients after the
first and second treatment, respectively.
There were two cases of liver abscesses.

Similarly in 2007, Poon et al (122)
reported about a phase I and Il study in
which drug-eluting beads were used for
patients with incurable HCC and Child-
Pugh class A cirrhosis. The phase I study
was a dose-escalation study, from 25
to 150 mg of doxorubicin. The 150-mg
dose was used for the phase Il study.
According to the modified RECIST cri-
teria, by taking into account the extent
of tumor necrosis, 63% of patients had
a partial response and 7% had a com-
plete response. The treatment-related

complication rate was 11%. The authors
concluded that drug-eluting beads rep-
resent a safe and effective treatment for
HCC, justifying the initiation of a ran-
domized phase Ill trial versus transarte-
rial chemoembolization.

Malagari et al (123) have reported
on 71 patients prospectively enrolled
and treated segmentally with drug-eluting
beads. All patients had underlying cir-
rhosis (Child-Pugh class A or B). Accord-
ing to the EASL guidelines, the reported
complete and partial response of the
cohort at 24 months was 16.1% and
66.2%, respectively. The overall sur-
vival at 30 months was 88.2%. All patients
were observed to have varying degrees
of self-limiting postembolization symp-
toms. Major procedure-related compli-
cations occurred in 4.2% of patients
and included liver abscess and chole-
cystitis in 3.2%, as well as pleural effu-
sion. The authors concluded that drug-
eluting bead therapy was a safe and
effective treatment option in patients
with inoperable disease.

The first prospective phase Il study in
the United States in which drug-eluting
beads were used for the treatment of
patients with unresectable HCC was
published in 2009. Twenty patients un-
derwent 34 treatment sessions. RECIST
and EASL response rates at 1 month
were 10% and 60%, respectively. The
remainder had stable disease. Overall
survival rates at 1 and 2 years were
65% and 55%, respectively; the median
overall survival was 26 months. The au-
thors concluded that chemoembolization
with drug-eluting beads is safe and effec-
tive in achieving local tumor control in
patients with unresectable HCC (124).

Drug-eluting beads loaded with iri-
notecan are being investigated for the
treatment of patients with colorectal he-
patic metastases (125). Most recently,
Martin et al (126) published results from
a multicenter single-arm study of meta-
static colorectal cancer patients who re-
ceived drug-eluting beads with irinote-
can after failing systemic chemotherapy.
They reported adverse events in 28%
(median grade of 2) and a 19-month
overall survival. They concluded that this
treatment was safe and effective in this
subset of patients.

90Y Radioembolization

Background

External beam irradiation has histori-
cally played a limited role in the treat-
ment of HCC because of the radiosensi-
tive nature of normal hepatic tissue (127).
With radiation doses exceeding 35 Gy,
a clinical syndrome consisting of anict-
eric ascites, hepatomegaly, and elevated
liver enzymes is observed weeks to
months after therapy (127-129). Given
this limitation and the need for higher
doses to achieve tumoricidal effects, ra-
dioembolization with Y has emerged.
Radioembolization is defined as the in-
jection of micron-sized embolic parti-
cles loaded with a radioisotope by using
percutaneous transarterial techniques.
Fluoroscopic guidance, angiographic end-
points of embolization and stasis, and
the need to modify the therapeutic de-
livery of radioactive microspheres based
on angiographic findings make this treat-
ment a true embolization procedure.
Dosimetry planning, the administration
and delivery of radiation, modification
of dose based on tumor and hepatic vol-
ume, as well as the required knowledge
of radiation effects on tissue, make this
a brachytherapy procedure as well. Ra-
dioembolization therefore combines ra-
diation with embolization.
Radioembolization can deliver radia-
tion doses as high as 150 Gy without de-
veloping the clinical complications seen
with external beam therapy (130-133). Ra-
dioembolization is a procedure in which
glass or resin microspheres incorporating
the radioactive isotope Y are directly
infused into the hepatic arteries perfus-
ing the tumor. Although first used in hu-
man subjects in the early 1960s (134),
only within the past decade has it gained
increasing awareness and usage (19).
Two radioembolic devices are com-
mercially available. TheraSphere (glass
microsphere) was approved in 1999 by
the Food and Drug Administration under
humanitarian device exemption for the
treatment of unresectable HCC in pa-
tients who can have appropriately posi-
tioned hepatic arterial catheters (135).
SIR-Spheres (resin microsphere) were
granted full premarketing approval in
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2002 from the Food and Drug Adminis-
tration for the treatment of colorectal
metastases in conjunction with intrahe-
patic FUDR (136).

Y is a pure beta emitter that de-
cays to stable zirconium 90. Its physical
half-life is 64.2 hours (129,137-140).
The emissions generated have a mean
tissue penetration of 2.5 mm, with a
maximum reach of 11 mm. This limited
tissue penetration allows for local high-
dose radiation with less risk of radiation-
induced hepatic necrosis than may be
seen with external beam therapy (141).
In general, resin microspheres (20-60 pm
in diameter) differ from glass micro-
spheres (20-30 wm in diameter) in that
they have a lower specific activity, lower
specific gravity, and higher number of
particles per treatment (141).

Clinical Evidence
Geschwind et al (129) reported findings in
80 patients with inoperable HCC treated
with Y microspheres by using segmen-
tal, regional, and whole-liver approach.
Median survival for Okuda stage 1 (68%)
and stage I (38%) was 628 and 324
days, respectively. In 2005, Salem et al
(142) reported on the tumor response,
safety, and survival of 43 consecutive
patients with inoperable HCC treated
with ®Y during a 4-year period. Forty-
seven percent had an objective tumor
response, and the median survival for
low-risk and high-risk patients was 20.8
and 11.1 months, respectively. The au-
thors reported no procedure-related
life-threatening events. Sangro et al (143)
reported findings in 24 Child-Pugh class
A patients with HCC who underwent Y
radioembolization with
spheres. The authors observed reduction
in the size of the tumor in 19 patients.
There were no cases of postembolization
syndrome, and all patients were dis-
charged within 24 hours of treatment.
Kulik et al (144) described a 35-
patient cohort not amendable to trans-
plantation, resection, or ablation that
was treated with Y. Sixty-six percent of
these patients were successfully down-
staged to transplantation, resection, or
radiofrequency ablation. Five of seven
explants in the transplanted patients
demonstrated complete necrosis at path-

resin micro-

ologic examination. Tumor partial re-
sponse rate was 50% according to WHO
criteria. Intention-to-treat survival for
the entire cohort was 800 days. In 2008,
Kulik et al (25) subsequently reported
the findings from 21 patients with HCC
bridged to transplantation with Y radi-
oembolization. Complete necrosis was
noted in 14 of 21 (66%) explants at path-
ologic examination.

The role of radioembolization in met-
astatic disease has been studied. Gray
et al (145) published findings of a phase Il
randomized clinical trial of 74 patients
that was conducted to assess whether a
single injection of Y in combination
with intrahepatic FUDR could increase
the tumor response rate, time to dis-
ease progression in the liver, and sur-
vival when compared with FUDR alone.
Patients with unresectable colon cancer
treated with ®Y and hepatic artery che-
motherapy exhibited longer time to pro-
gression. The 1-, 2-, 3-, and 3-year sur-
vival for patients receiving Y was 72%,
39%, 17%, and 3.5%, compared with
68%, 29%, 6.5%, and 0% for hepatic
artery chemotherapy alone (P =.18). Van
Hazel et al (146) reported findings from
a randomized study in 21 patients (11
patients received Y plus 5-fluorouracil)/
leucovorin), 10 patients received 3-
fluorouracil/ leucovorin alone). The au-
thors concluded that the administration
of Y along with a standard chemother-
apeutic regimen significantly increased
treatment-related response (10 vs O pa-
tients demonstrated a partial response
at follow-up CT), time to disease pro-
gression (18.6 vs 3.6 months), and sur-
vival (29.4 vs 12.8 months), when com-
pared with chemotherapy alone.

In 2006, Kennedy et al (147) re-
ported findings in 208 patients with in-
operable, chemorefractory hepatic me-
tastases from colorectal cancer. They
found a computed tomography (CT) re-
sponse rate of 35% and a positron
emission tomography (PET) response
rate of 91%. Survival rates were 10.5
months for responders and 4.5 months
for nonresponders. Treatment-related
toxicities included fatigue (45%), nau-
sea and/or abdominal pain (30%), gas-
trointestinal ulceration (5%), and ele-
vated bilirubin levels (4.5%).

Sato et al (180) recently reported
findings in 137 patients with hepatic met-
astatic disease that was treated with %Y
microspheres. Primary sites (origins) in-
cluded colon, neuroendocrine, and non-
colorectal nonneuroendocrine cohort.
According to WHO criteria, there was a
42.8% response rate (2.1% complete
response, 40.7% partial response). The
overall median survival was 300 days.
One-year survival was 47.8%, and 2-year
survival was 30.9%. Median survival was
15.2 months for patients with colorectal
tumors, 25.9 months for those with neu-
roendocrine tumors, and 6.9 months for
those with noncolorectal nonneuroendo-
crine tumors.

Salem et al (6) published their 291-
patient single-center experience on the
role of radioembolization in patients with
HCC. They concluded that patients with
Child-Pugh class A disease with or with-
out vascular invasion benefited most from
radioembolization. Time-to-progression
and survival varied by tumor stage and
liver function.

Comparison of Transcatheter Therapies

Few studies have effectively compared
transcatheter therapies. The publications
by Lo et al (7) and Llovet et al (8) in
2002 set the standard for these ther-
apies by demonstrating a survival bene-
fit in patients with unresectable HCC
randomized to transcatheter chemoe-
moblization versus best supportive care.
In the Llovet study, patients were ran-
domized to transarterial chemoembo-
lization, transarterial embolization, or
conservative treatment groups. Propo-
nents of transarterial embolization argue
that if this study had not been stopped
early (once a survival benefit for tran-
sarterial chemoembolization versus
supportive care was identified), a sim-
ilar survival advantage for transarterial
embolization might have been realized.
Marelli et al (99) compared the outcomes
of transarterial embolization versus
transarterial chemoembolization from
three randomized controlled trials
(8,148,149). The authors concluded that
transarterial chemoembolization failed
to demonstrate a survival benefit com-
pared with transarterial embolization
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alone. The authors suggested that the
observed tumor response and survival
benefits seen in these patients may
have been a result of induced ischemia
rather than the cytotoxic effects of che-
motherapy. However, authors of a re-
cent prospective randomized compari-
son (150) of chemoembolization with
doxorubicin-eluting beads and arterial
embolization with BeadBlock (Biocom-
patibles, UK) for HCC concluded that
although ischemia plays a role in the de-
velopment of tumor necrosis, there is a
clear additional benefit from the addition
of doxorubicin. In that study, there was a
complete response in 26.8% of patients
in the drug-eluting bead group and 14%
in the arterial embolization group at 6
months. Time to progression (= standard
deviation) was longer for the drug-eluting
bead group (42.4 weeks * 9.5 and 36.2
weeks * 9.0, respectively) (P = .008).
Studies have compared transarterial
chemoembolization with radioemboliza-
tion. Kooby et al (151) published a ret-
rospective analysis on 71 patients with
unresectable HCC treated with either
chemoembolization or radioemboliza-
tion between 1996 and 2006. They con-
cluded that these therapies provided sim-
ilar effectiveness and toxicity. Similarly,
Carr et al (152) found therapeutic equiv-
alence in survival when comparing radi-
oembolization and chemoembolization in
a two-cohort study of patients with un-
resectable HCC. In 2009, Lewandowski
et al (153) compared the downstaging
effectiveness of chemoembolization ver-
sus radioembolization in 86 patients
with unresectable HCC. Disease in 58%
of patients who underwent radioem-
bolization was downstaged to stage T2,
while that in 31% of those who under-
went chemoembolized was downstaged
(P =.02). Radioembolization was shown
to be a better tool than chemoembo-
lization for downstaging the disease
from a size outside transplant criteria
to a size within the Milan criteria for
transplantation. Recently, Salem et al (4)
demonstrated similar survival times for
patients with unresectable HCC treated
with transarterial chemoembolization
or radioembolization. In that compara-
tive effectiveness analysis, radioe-
mbolization resulted in longer time to

progression and less toxicity than did
chemoembolization (P < .03).
Findings of a randomized controlled
trial (1) of 200 patients comparing
conventional chemoembolization and
chemoembolization with drug-eluting
beads loaded with doxorubicin failed
to show a significant survival difference.
Chemoembolization with drug-eluting
beads did show a higher rate of com-
plete response, objective response, and
disease control compared with conven-
tional chemoembolization (27% vs 22%,
52% vs 44%, and 63% vs 52%, respec-
tively, P > .03). There were fewer adverse
events (including liver and systemic tox-
icities) after chemoembolization with
drug-eluting beads than with conven-
tional chemoembolization, and patients
with advanced disease (Eastern Coopera-
tive Oncology Group performance status
> 0, Child-Pugh class B, bilobar disease)
seemed to benefit from drug-eluting beads
over conventional chemoembolization.

Future Directions

Background
The future of transcatheter therapies is
promising. Ongoing research in this field
incorporates advances in the knowledge
of liver cancer biology, new concepts in
targeting liver cancer, development of
new drugs, improvement of intraarterial
drug delivery techniques, and techno-
logical advances in imaging systems.
The preclinical rabbit VX2 model
of liver cancer plays an important role
in the improvement of catheter-based
therapies. The VX2 tumor blood supply
is almost entirely from the hepatic artery,
similar to that of humans (154), and
rabbit hepatic arteries are large enough
to permit hepatic artery catheterization
(155). This animal model may serve as
a black box in which to develop and
evaluate existing and new transcatheter

therapies (156-158).

Combined Approaches

Transcatheter therapies, such as the ones
discussed in this review, have great po-
tential in combination with other treat-
ment modalities such as ablation or
systemic therapies. Both transarterial

embolization and chemoembolization pro-
cedures have been combined with ther-
mal ablation (Fig 2). In 2005, Maluccio
et al (159) published findings of a com-
parative study of surgical resection ver-
sus transarterial embolization with
ablation in patients with HCC. There
were 40 patients who underwent surgi-
cal resection and 33 patients who un-
derwent transarterial embolization and
ablation. With a median follow-up of
23 months, the 1-, 3-, and 5-year actu-
arial overall survival rates were 97%, 77%,
and 56% for the embolization and abla-
tion group and 81%, 70%, and 58% for
the surgical group, respectively. There
was no significant difference in the overall
survival rates. The authors concluded
that transarterial embolization in com-
bination with ablation is effective in treat-
ing solitary HCC tumors up to 7 cm and
achieves overall survival rates similar to
those of surgical resection in selected
patients. Recently, Morimoto et al (160)
published findings of a randomized study
of 37 patients with solitary HCCs 3-5-cm
in size treated with either chemoembo-
lization and radiofrequency ablation
or chemoembolization alone. They con-
cluded that radiofrequency ablation com-
bined with chemoembolization is more
effective than radiofrequency ablation
alone for extending the ablated area in
fewer treatment sessions and for decreas-
ing the local tumor progression rate.
Transcatheter therapies, combined
with systemic therapies, particularly in
those with metastatic disease, are also
likely to improve survival. Systemic ther-
apies may also play a role in potentiating
the effects of transcatheter therapies.
Analogous to the traditional chemother-
apy and radiation paradigm, radiosensi-
tizing chemotherapy agents might be
combined with radioembolization. In a
recently published prospective random-
ized, multicenter phase Il trial, Hendlisz
et al (161) reported that radioemboliza-
tion with P°Y resin microspheres plus
S-fluorouracil is well tolerated and signif-
icantly improves time-to-liver progres-
sion and time to progression than does
S-fluorouracil alone. There are many
ongoing studies combining systemic
and transcatheter therapies, including
one by Geschwind (162) that combined
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bevacizumab with transarterial chemoem-
bolization for the treatment of HCC, as
well as a dose-escalating study by Hickey
et al (163) that used Xeloda with Y glass
microspheres.

Advances in Therapeutics

It is anticipated that delivered agents will
become more potent, translating into
higher efficacy and survival benefit. Fur-
thermore, new therapies will be devel-
oped that may be more tumor specific or
potent. These therapies may involve the
delivery of genetic information. Recent
research has investigated the targeted
delivery of gene therapy to the liver by
means of isolated hepatic perfusion or via
the portal vein (164,165). The delivery of
gene therapies and other future therapies
will likely use nanotechnology. Nano-
composites could also be tagged to be
tumor specific, tumor avid, visible at time
of delivery, and carry a specific therapy
(166). Finally, new classes of drugs de-
livered intraarterially could lead to mark-
edly more potent tumor kill than con-
ventional chemotherapeutic agents. For
example, a new class of anticancer drugs,
such as 3-bromopyruvate, specifically tar-
geting tumor metabolism could be infused
locally by means of transcatheter delivery
for increased potency (157). By disrupt-
ing the ability of the cancer cell to gener-
ate energy, but leaving normal cells in-
tact, this new approach is extremely
promising. Early preclinical testing in the
rabbit VX2 tumor model has proved quite
effective, leading to significant survival
benefit and even cure of the animals.
Clinical trials should begin in the near
future (167).

Advances in Imaging

Transcatheter therapies will be aided
by advances in imaging. Because of limi-
tations of conventional digital subtraction
angiographic (DSA) imaging in com-
pletely targeting tumors, several tech-
niques have been used to more success-
fully and completely target tumors during
transcatheter delivery of a therapeutic
agent. In 2005, Rhee et al (168) per-
formed CT with an arterial catheter placed
selectively into a feeding vessel. lodin-
ated contrast medium was manually in-
jected via this hepatic arterial catheter

Figure 2

Figure 2:

Example of combination therapy with transcatheter chemoembolization and radiofrequency

ablation. The patient has a history of HCC and underwent prior right hepatic lobe resection. Surveillance
imaging revealed subcentimeter focus of tumor recurrence in the left hepatic lobe. A multidiscipline confer-
ence recommended percutaneous ablation, but the tumor could not be seen at US. (a) Pretreatment gadolin-
ium-enhanced magnetic resonance (MR) image reveals a small arterial enhancing focus (arrow) in the left
hepatic lobe. This tumor washed out at the delayed phases, consistent with recurrent HCC. (b) Left hepatic
angiogram depicts a small hypervascular tumor (arrow) correlating with the preprocedure MR imaging. Tran-
scatheter chemoembolization was performed to permit appropriate tumor targeting for percutaneous radiof-
requency ablation. (¢) Nonenhanced CT scan immediately after transcatheter chemoembolization reveals
dense accumulation of ethiodol within the tumor (arrow). (d) Nonenhanced CT scan obtained during radiofre-
quency ablation depicts the electrode placed through the ethiodol-stained tumor (arrow).

while the patient was imaged in the CT
scanner. This “catheter-directed CT angi-
ography” successfully assisted superselec-
tive radioembolization, facilitating tumor
targeting and sparing normal hepatic
parenchyma. This technique is easily ap-
plicable to other therapies. In fact, sev-
eral studies have demonstrated similar
success with C-arm angiographic CT for
chemoembolization and other transcath-
eter therapies (Fig 3) (169-171). The
utility of combining DSA with MR imag-
ing has also been demonstrated, resulting
in catheter repositioning in nearly 50% of
cases for better tumor therapy (172,173).
More recently, Larson et al (174) have
reported on the use of a new technique to

measure changes in tumor perfusion dur-
ing transcatheter therapies.

Advances in Assessing Response

to Therapy

Follow-up imaging is typically performed
4-6 weeks after therapy, while maximum
imaging response is often seen 3-4
months after therapy. Typical imaging
findings following each of the transcath-
eter therapies discussed in this review are
demonstrated in Figures 4-8. Evaluation
of treatment efficacy for all transcatheter-
based therapies has been traditionally
performed with radiologic measurement
of tumor size as proposed by the WHO
or RECIST guidelines (175,176). Both
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Figure 3

Figure 3: Images in a patient with unresectable
HCC. (a) Gadolinium-enhanced MR image reveals a
hypervascular tumor (arrow) in the right hepatic
lobe. (b) C-arm CT image with the catheter selec-
tively positioned in a tumor-feeding branch reveals
marked tumor perfusion (arrow) and minimal
perfusion to the adjacent parenchyma, enabling

the uninvolved parenchyma to be spared exposure
to toxic therapeutics.

sets of guidelines rely on anatomic cri-
teria for the evaluation of tumor response.
However, the accuracy and complete-
ness of these guidelines have been chal-
lenged several times. The expert panel
of the Barcelona 2000 EASL conference
emphasized that tumor necrosis follow-
ing treatment with local-regional liver-
directed therapies may not be paral-
leled by a reduction in tumor diameter
and recommended that estimations of
tumor response should account for ne-
crosis, which can readily be estimated by
the area of nonenhancement at contrast-
enhanced CT or MR imaging (177). Fur-
thermore, the panel stressed that tumor
diameter measurements should reflect
the area of viable tumor, rather than
the overall diameter. More recently, the
WHO and RECIST guidelines have been
also challenged by new forms of targeted
therapies that do not result in tumor
size changes that qualify as complete or
partial response, but lead to intratumoral

Figure 4

b.

Figure 4: (a) Contrast-enhanced CT scan reveals
infiltrating right hepatic lobe tumor invading the
portal vein (arrows). (Image courtesy of Karen
Brown, MD, Memorial Sloan-Kettering Cancer Cen-
ter.) (b) After transarterial embolization, contrast-
enhanced CT scan reveals marked necrosis and
clear demarcation of this previously infiltrating
tumor (arrows). Small gas bubbles within the tumor
are an indication of necrosis. (Image courtesy of
Karen Brown, MD, Memorial Sloan-Kettering
Cancer Center.)

functional changes and cellular necrosis
that can be measured at functional im-
aging (diffusion-weighted MR imaging,
dynamic contras- enhanced MR imaging,
PET, and single photon emission com-
puted tomography) (113). Since tran-
scatheter-based therapies are targeted
therapies that may lead to both anatomic
and functional intratumoral changes, it
is essential that future imaging evalua-
tion of tumor response routinely incor-
porates both anatomic and functional
information of the tumor burden. A re-
cent analysis has also sought to simplify
tumor response assessment by describ-
ing the index tumor as a biomarker of

Figure 5

b.

Figure 5: (a) Contrast-enhanced CT scan reveals
multifocal 2—3-cm bilobar hepatic metastases from
colorectal cancer. (Image courtesy of Karen Brown,
MD, Memorial Sloan-Kettering Cancer Center.)

(b) Following chemoinfusion therapy with FUDR,
contrast-enhanced CT scan reveals disappearance
of these tumors, which is consistent with a complete
response. (Image courtesy of Karen Brown, MD,
Memorial Sloan-Kettering Cancer Center.)

response (178). Finally, a recent study has
been published combining both size and
necrosis criteria for assessing response
to local-regional therapies, with pathol-
ogy explants serving as the standard,
and the authors concluded that the op-
timal method of response assessment
must include the early findings of ne-
crosis (EASL) and the time-dependent
changes in size (RECIST/WHO guide-
lines) (179).

Transcatheter intraarterial therapies
have proved valuable in the battle against
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Figure 6

Figure 7

b.

Figure 7:  (a) Gadolinium-enhanced MR image re-
veals a 6.5-cm hypervascular HCC (arrow) in the right
hepatic lobe. (b) Following chemoembolization with
drug-eluting beads, gadolinium-enhanced MR image
reveals complete necrosis (arrow), which is consistent
with a favorable response to therapy. The tumor has
only minimally decreased in size (6.1 cm).

Figure 6: (a) Gadolinium-enhanced MR image
reveals a 3.2-cm hypervascular HCC (arrow) in the
right hepatic lobe. (b) Nonenhanced CT scan im-
mediately after transarterial chemoembolization
demonstrates dense ethiodol staining with the
tumor (arrow). (c) Gadolinium-enhanced MR image
after transcatheter chemoembolization, reveals
necrosis and tumor size reduction to 2.3 cm
(arrow), which is consistent with a favorable
response to therapy.

primary and secondary hepatic malig-
nancies. The unique aspects of all such
therapies are their minimal toxicity pro-
files and highly effective tumor responses
while normal hepatic parenchyma is
spared. These unique characteristics
coupled with their minimally invasive na-
ture provide an attractive therapeutic
option for patients who may have previ-
ously had few alternatives. Despite these
major advances in catheter techniques,
imaging, and administration, further in-
vestigation remains warranted.
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Figure 8

'

b.

Figure 8:  (a) Gadolinium-enhanced MR image reveals
a 5.8-cm hypervascular HCC (arrow) in the right hepatic

lobe. (b) Following radioembolization, MR image reveals

necrosis and decreased tumor size (4.6 cm) (arrow),
which is consistent with a favorable response to therapy.
The pattern of necrosis is in a segmental distribution.
This has been termed radiation segmentectomy.
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