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15.1
Introduction

Radioembolization with yttrium-90 (*°Y) micro-
spheres represents an innovative approach that
has gained increasing awareness and clinical use
over the past 5-10 years. The minimal toxicity of
radioembolization and the ability to discharge the
patient on an outpatient basis make the therapy an
attractive alternative in the treatment of primary
and metastatic liver malignancies. Patients are able
to resume normal activities shortly following treat-
ment, with minimal side effects, in contrast to the
post-embolization syndrome often associated with
current chemoembolic techniques.

Treatment planning requires a multi-disciplin-
ary team with clear leadership and accountability to
ensure that the screening, diagnostic and treatment
procedures are conducted in a seamless fashion.
The essential steps include: (1) calculation of tar-
get liver mass to be infused and tumor burden; (2)
visceral angiography to map out tumor-perfusing
vessels and embolize collaterals; (3) assessment of
pulmonary shunt; (4) determination of the optimal
therapeutic dose; (5) room preparation; (6) radiation
monitoring and safety procedures; (6) calculation of
residual activity and efficiency of °°Y delivery.

Careful patient selection and preparation for *°Y
liver-directed therapy will result in an optimal risk:
benefit ratio for patients. For patients presenting with
hepatocellular carcinoma, the treatment of advanc-
ing disease must be balanced against the often-com-
promised functional liver reserve due to underlying
cirrhosis. Selection of patients with adequate hepatic
reserve and good functional status will maximize the
beneficial therapeutic effect of °°Y therapy with mini-
mal risk to normal liver parenchyma. *°Y therapy has
also proved to be beneficial for patients presenting
with metastatic disease who have intra-hepatic pro-
gression despite standard of care chemotherapy.
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Depending on the etiology, functional status,
hepatic anatomic vasculature and presentation of
liver lesions, several factors need to be considered
in treatment planning. If re-treatment of the same
target area is anticipated, cumulative radiation ex-
posure to the target area should be determined and
the radiation dose adjusted accordingly to minimize
the risk of radiation-induced hepatitis. If vascular-
ity permits, selective infusion of a segment or lesion
will mitigate the risk of radiation exposure to nor-
mal tissue. Dose reduction may also be required if
estimated pulmonary shunt exceeds 50 Gy over cu-
mulative infusions of *°Y, or if hyperaugmentation of
lung shunt is identified. Prophylactic administration
of anti-ulcer medication and steroids post-treatment
will mitigate the risk of pain from non-target radia-
tion into the gastrointestinal tract and provide the
patient with some relief from fatigue, respectively.

Post-procedural follow-up of the patient to as-
sess any treatment-emergent side effects and tumor
response is conducted at 30 days and then at 2- to
3-month intervals thereafter. Other than mild to
moderate constitutional symptoms, the side effects
of radioembolization include non-target radiation,
radiation pneumonitis and radiation hepatitis. Dili-
gent vascular mapping during the treatment plan-
ning angiogram with embolization of the gastro-
duodenal and right gastric arteries, as well as other
perforating vessels, will minimize the likelihood
of inadvertent deposition to gastric structures. As
mentioned above, dose reduction and careful con-
sideration of functional liver reserve will mitigate
the occurrence of radiation pneumonitis and radia-
tion hepatitis, respectively.

Two devices are commercially available. Thera-
Sphere® (glass microsphere; MDS Nordion, Kana-
ta, Canada) was approved in 1999 by the Food and
Drug Administration (FDA) under a Humanitar-
ian Device Exemption (HDE) for the treatment of
unresectable hepatocellular carcinoma (HCC) in
patients who can have appropriately positioned he-
patic arterial catheters with or without portal vein
thrombosis [1]. SIR-Spheres® (resin microsphere;
Sirtex Medical, Lane Cove, Australia) were granted
full pre-marketing approval in 2002 by the FDA for
the treatment of colorectal metastases in conjunc-
tion with intra-hepatic FUDR [2]. Both devices have
European approval for liver neoplasia and approvals
in various Asian countries.

The aim of this chapter is to briefly review the
background and early work with radioembolization,
as well as to discuss future research opportunities.

15.2
Background

Investigations into *°Y and other radioisotopes for
the treatment of cancer date back to the 1960s [3,
4. Initial studies of resin °°Y in humans were re-
ported in the late 1970s. Seminal work in a canine
liver model demonstrating the safety and feasibility
of using *°Y therapy for hepatic malignancies was
reported in the late 1980s [5, 6]. Human studies of
Y microsphere therapy in liver applications fol-
lowed from the late 1980s through the 1990s [5-16].
These investigations established the safety of °Y for
intrahepatic applications and the optimal dosimetry
for tumor radiation kill, while minimizing exposure
to normal liver tissue. The assessment of potential
pulmonary shunt, particularly in patients present-
ing with hepatocellular carcinoma (HCC) was rein-
forced in these studies. The importance of emboliz-
ing collateral vessels such as the gastroduodenal and
right gastric arteries to prevent reflux to the gastric
structures was also realized. Gastric ulceration re-
quiring surgical intervention was routinely reported
in many of these studies.

15.3
Early Clinical Work

As early as 1963, researchers were investigating the
utility of °°Y microspheres in canine prostates [4].
In 1967, Flynn assessed the role of *°Y microspheres
for the treatment of lung malignancies [3]. Ariel
described initial results of *°Y microspheres with
indications, as well as experience with intra-arte-
rial injection of microspheres for the treatment of
unresectable pancreatic cancer [7-9]. These agents
have also been used for splenic injection in a patient
with lymphoma, cerebral infusion for brain tumors,
extremity infusions for osteogenic sarcomas, and
synovial injection for pain [10-17]. Seminal work
performed by investigators established the proof
of principle of radioactive intra-arterial injection
for the treatment of liver tumors using various
radioconjugates including *°Y, **P, Rhenium and
Holmium [15, 18-29]. Direct intratumoral injection
and portal venous injection of *’Y have been studied,
both techniques demonstrating antitumoral activity
[30-32]. Magnetic guided microspheres have also
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been investigated [33-35]. Anti-tumor effects of *°Y
are well-established in patients with lymphoma, as
well as in combination with bone tracers [36-38].
Non-radioactive glass microspheres have been stud-
ied in rabbit kidneys [39]. Splenic radioembolization
with °Y has also successfully been used for the treat-
ment of hypersplenism and thrombocytopenia [40].
Investigators studied the effects of radiosensitizers
combined with °°Y resin microspheres, concluding
that BUDR could produce acceptable toxicities in
a canine model suggesting that clinical studies of
this combination are not excessively toxic [6]. The
same group studied *Y glass microspheres in ca-
nines were found to produce portal changes similar
to those observed in humans after external beam
therapy. Radiation exposures in excess of 300 Gy
did not cause total hepatic necrosis and were com-
patible with survival. The authors concluded that
hepatic exposures to humans of 50-100 Gy by *°Y
microsphere injection would appear to be feasible
and tolerable [5].

15.4
Future Direction

15.4.1
Liver Dominant Breast and
Colorectal Metastases

There have been significant advances in the treat-
ment of both primary breast and colorectal carci-
noma with the thymidylate synthase inhibitors (e.g.
5 FU, FUDR, capecitabine) that are known to be
radio-sensitizers [41]. The typical treatment para-
digm involves resection of the primary, followed by
chemotherapy (positive lymph nodes) or radiation
(positive margins) in the case of breast carcinoma,
or radiation of the surgical bed given local recur-
rence of colorectal malignancy. The most typical
sites of distant metastases following breast cancer
resection include the liver, bone and brain, and for
colorectal cancer primary, the liver and lungs. The
natural course of disease appears to be improved
and altered by improved chemotherapy agents, with
the liver metastases representing the life-threaten-
ing condition.

Historical approaches to treatment of liver me-
tastases have included administration of the thy-
midylate synthase inhibitors in an attempt to delay

further disease progression. Stabilization of disease
has ranged from 6 to 8 months; however, inevitably,
all patients demonstrate progression on these regi-
mens [42]. Preliminary data in the application of
0Y microspheres for liver dominant colorectal and
breast metastases are very encouraging by classic
RECIST and '8FDG-PET imaging [43-47]. Given the
low toxicity profile for *°Y relative to the standard
of care chemotherapy regimens, patients tolerate the
therapy exceedingly well.

Presently, the tolerability of systemic agents and
%Y is being investigated [48]. There are known ra-
dio-sensitizing properties of thymidylate synthe-
tase inhibitors, and potential for radiation induced
liver toxicity due to the synergistic effects. This
synergism may present some interesting opportuni-
ties to further extend the therapeutic benefit of *°Y
therapy. There is a precedent for this approach in
the treatment of breast, pancreatic, colon, liver and
other malignancies. The principle of enhanced tu-
mor response and time to disease progression using
a combination of radio-sensitizing agents and exter-
nal beam ionizing radiation is well established [49].
Clearly, additional assessment of toxicity, maximum
tolerated dose (dose escalation), and the optimal
therapeutic window will need to be explored under
carefully controlled studies before widespread clini-
cal application is considered.

Other studies to be considered include the com-
bination of liver-directed therapy, such as °°Y, with
current standards of care, including bevacizumab
and cetuximab. Although growth factor inhibitors
may indeed play a role in controlling tumor growth,
the vascular effects may affect the applicability of
transarterial therapies. Growth factor inhibitors
(bevacizumab, cetiximab) may inhibit the ability to
treat liver tumors by deleteriously affecting the vas-
culature. Studies combining chemotherapy agents
FOLFOX or 5 FU/LV/irinotecan (FOLFIRI) with and
without *°Y (first or second line) may show prom-
ise in further extending survival, currently over
20 months [41].

15.4.2
Neuroendocrine Liver Metastases

Neuroendocrine tumors typically arise in the endo-
crine glands and cells that are located throughout the
body. The most common types include carcinoid, gas-
troenteropancreatic, and adrenal. The most common
primary sites for carcinoid tumors include the gastro-
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intestinal tract or the lungs; they may also arise in the
pancreas. Other neuroendocrine tumors may origi-
nate from anywhere in the body. Gasteroenteropan-
creatic (GEP) tumors that most commonly originate in
the cells of the stomach, intestines or pancreas, may be
further categorized into gastrinomas, glucagonomas,
insulinomas, vasoactive intestinal polypeptide tumor
(VIPoma) and somatostatinomas. There is also a class
of multiple endocrine neoplasia syndromes (MEN 1
and MEN 2), which are usually genetically based, and
increase the likelihood of developing GEP tumors.
Carcinoid tumors, particularly if they metastasize
to the liver, may result in the excessive production
of serotonin and produce carcinoid syndrome. This
condition is characterized by diarrhea, flushing of the
skin and asthma-like breathing difficulties. Loss of
appetite and weight loss may also result.

The intent of neuroendocrine treatments is to re-
duce tumor burden and where necessary, eliminate
or reduce the symptoms resulting from excessive
production of hormones, and prolong life. Classic
treatments for neuroendocrine tumors that have
metastasized to the liver include surgery (resection)
or transplantation and the administration of soma-
tostatin analogues such as octreotide or lanreotide.
Other approaches include ablative techniques (cryo-
ablation and RFA), bland embolization, TACE, and
more recently, °°Y microsphere therapy.

Given the tremendous hypervascularity of neuro-
endocrine hepatic tumors relative to normal paren-
chyma, °°Y represents an ideal therapy for palliative
reduction of both bulk disease and carcinoid syn-
drome when this condition presents. Although there
are limited published data available on the treatment
of neuroendocrine tumors with °°Y microspheres,
there are encouraging preliminary results based on
its use in clinical practice. The therapy exhibited an
excellent safety profile, consistent palliative results
and significant debulking. The majority of patients
exhibited a partial response on imaging follow-up [50,
51]. Thus, based on this early work, °°Y microspheres
appear to provide a low toxicity alternative with some
clinical benefit as measured by both tumor response
and symptom reduction. Randomized controlled
studies of °°Y vs. current standard of care (e.g. surgi-
cal resection or somatostatin analogues), or in com-
bination with octreotide are warranted. End points
might include time-to-progression, tumor response,
improvement in tumor markers (chromogranin A),
or clinical benefit (improvement in symptoms).

15.4.3
Mixed Neoplasia/Quality of Life

Another area worthy of future investigation is the
treatment of non-colorectal, non-neuroendocrine
cancers metastatic to the liver. Often referred to
as mixed neoplasia, these refer to patients with
liver-dominant metastatic disease to the liver from
various primaries (breast, melanoma, pancreas,
and lung). Although several reports have been
described, controlled phase II studies using time-
to-progression, tumor response, or progression-
free-survival would be clinically relevant given
the dearth of options for some of these patients
[51-54].

Survival is the gold standard by which the ef-
ficacy of any liver-directed therapy would ideally
be measured. However, the resource costs and
lengthy studies required to achieve this endpoint
in a constantly evolving state-of-the art paradigm
make this a daunting task. There is clearly a need
to develop surrogate measures of efficacy pend-
ing the refinement of technology, treatment tech-
niques and operator expertise so that the treat-
ment effect in randomized studies is validated
to the satisfaction of scientists, statisticians and
clinicians. Tumor response provides a quantita-
tive measure that has been historically touted as a
viable alternative; however, the correlative studies
linking tumor response to extended survival have
not been forthcoming. Quality of life has gained
increasing awareness as a potentially useful mea-
sure of treatment efficacy. For those patients who
undergo systemic chemotherapy and external ra-
diation as part of the treatment regimen, quality
of life with respect to time commitment and side
effects certainly impact their quality of life. The
incorporation of carefully designed and validated
quality of life measures in prospective randomized
controlled trials of *°Y is another fruitful area of
investigation. Time-to-progression and progres-
sion-free-survival represent alternate endpoints
that may balance the need for clinically relevant
data with the option of patients who progress on
therapy to try other experimental agents. Finally,
although new and evolving treatments might ide-
ally be compared to a no-treatment control arm,
the ethical and moral issues in an increasingly
aware patient base make the likelihood of accom-
plishing this quite low.
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15.4.4
Extra-hepatic Applications

The potential applications of *°Y therapy to areas
outside the liver are numerous. Any site in the body
that is angiographically accessible may potentially
be considered for *°Y therapy. This would include:
meningiomas, glioblastoma multiforme, renal cell
carcinomas, head/neck and lung tumors. Given that
skin necrosis following °°Y has been described, the
cutaneous contribution of the extra-hepatic vascu-
lature being examined would have to be taken into
consideration [14]. Clearly, very carefully controlled
in-vitro,animal and phase I safety studies with small
patient cohorts are required before widespread clin-
ical applications in these areas are explored.

15.4.5
Combination Therapies

Given the encouraging safety and therapeutic benefit
of °°Y in both primary and metastatic liver disease,
there is an opportunity to explore its application in
combination with other available therapies. Stud-
ies to assess the potential synergistic therapeutic
benefit of Y and known radio-sensitizers in both
metastatic breast and colorectal cancer are war-
ranted. Combination capecitabine and °°Y present
a low toxicity option for breast cancer patients. The
potential to improve hepatic tumor response via
the synergistic action of selective uptake of 5-FU
in the presence of radiation warrants further in-
vestigation. ®°Y in combination with 5-FU, FUDR
and capecitabine in colorectal metastases to the liver
require further study. Given the potential for “super
irradiation” of liver parenchyma in the presence of
these agents, carefully controlled Phase I dose esca-
lation studies are required.

Combinatorial applications of *°Y and ablative
techniques such as RFA and cryo-ablation may pro-
vide an option for those patients who would oth-
erwise require surgical resection, but are at high
surgical risk due to co-morbidities or prefer less in-
vasive means of treating their disease. °°Y has been
shown to reduce tumor burden in downstaging to
transplant or resection for HCC patients [55-57].
In patients presenting with tumors which are not
amenable to ablative therapy due to excessive size
(6-8 cm), °°Y microspheres could be used to reduce
these lesions (< 3 cm), followed by the use of ablative
therapy to effect further response. This presumes

that viable tissue is still present after *°Y therapy.
There is strong evidence that *°Y treatment typically
results in complete necrosis of the lesion(s) treated
[56, 58]. A prospective randomized study comparing
time-to-progression or progression-free survival of
%Y vs. RFA in lesions 3-5 cm would provide impor-
tant information concerning this question.

Combinatorial *°Y and TACE presents an inter-
esting opportunity to assess the cumulative effect
of these modalities in effecting tumor kill. Intra-
arterial infusion of °°Y in an aerobic environment
(non-stasis) could be followed by TACE after the ra-
dioactive effect diminishes to sub-therapeutic levels
(approximately 2 weeks post *°Y treatment). TACE
administration with cytotoxic tumor exposure in a
hypoxic environment would then address any viable
(radioresistant) cells that remained.

Another possible area of investigation includes
the prophylactic radioembolization of remnant liver
tissue in patients undergoing hepatic resection for
HCC or colorectal metastases. Although initially
attractive, this approach may hinder and limit the
ability for future °°Y to the prophylactically radio-
embolized lobe. Furthermore, the blood supply to
small metastases is derived from the portal vein, not
the hepatic artery, bringing into question whether
prophylactic treatment would yield any radiation
effect to microscopic metastases [59]. Therefore, if
such a study is undertaken, since imaging of micro-
metastases is not possible, improved survival or de-
creased time to disease recurrence would represent
possible endpoints. It is clear that further research
is needed to address possible treatment options for
advanced stage HCC. Any studies in this patient
population require careful consideration of the risk
of therapy induced liver failure vs. the benefit of le-
sion stabilization.

15.4.6
Liver Transplantation/HCC

One of the most fruitful areas for further research is
the application of °°Y in the transplant population.
One study has shown that HCC patients presenting
with stage T3 lesions can be downstaged to T2 (Milan
criteria) in over 50% of cases [56]. Larger prospec-
tive randomized controlled studies comparing *°Y
to other available therapies (e.g. RFA and TACE) are
also warranted. The incidence of HCC continues to
rise. Given earlier detection of HCC, with the intent
of curative liver transplantation, there will be a sig-
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nificant need for alternative downstaging options.
The ultimate question that remains unanswered is
whether survival would be significantly extended for
downstaged patients who receive transplant com-
pared to those who initially present with T2 dis-
ease. Only large prospective randomized controlled
studies with well established therapies will begin to
provide the answers to this question. Also, given the
recent developments with sorafenib, combination
%Y with this agent will be of utmost interest.

15.4.7
Dosimetry/imaging Microspheres

Improved dosimetry planning (translating into en-
hanced efficacy) for *°Y (or other radioactive agent
such as Rhenium-188) should be the focus of re-
search in the next few years [60-62]. These could
come in the form of enhanced *™Tc-MAA particles,
or in the development of planning resin or glass mi-
crospheres. This would allow the direct calculation
of tumor as well as normal parenchymal exposure
following *°Y treatment. Direct knowledge of this
would allow administration of sufficient °°Y radio-
activity that would result in tumoricidal doses with
minimal exposure to normal parenchyma. This may
then evolve into the ability to perform repeated and
scheduled °°Y treatments in a manner analogous to
TACE, without the associated risks of radiation hep-
atitis. The ability to image the microspheres (cold or
hot) using imaging techniques such as MRI would
also prove clinically useful in the dose planning and
clinical follow-up stages. Investigation in advanced
imaging of microspheres will lead to enhanced do-
simetry (at the tumor level), treatment planning and
post treatment imaging [63, 64]. Microspheres with
different specific activities and a variable embolic
load may permit treatment planning on an indi-
vidual basis.

15.4.8
Radiation Pneumonitis

The basic assumption of *°Y infusion and dosimetry
is the homogeneous distribution of microspheres,
throughout the hepatic parenchyma resulting in the
same radiation dose to the volume targeted for treat-
ment. Some arteriovenous shunting within tumor is
inevitable. Since tumors are fed almost exclusively
by hepatic vasculature and are hypervascular rela-

tive to normal parenchyma, it may be possible to
lower the calculated dose to tumor, thereby permit-
ting treatment of patients with elevated lung shunt-
ing.

The package insert for glass microspheres dic-
tates that patients receive no greater than 16.5 mCi
or 30 Gy cumulative radiation absorbed dose [1]. The
resin microsphere package insert provides guid-
ance on dose reduction for elevated lung shunting;
patients with Jung shunt fractions greater than 20%
should not be treated [2]. These recommendations
should be viewed as guidelines since the peer-re-
viewed published lung limitation is 30 Gy per treat-
ment and 50 Gy cumulative lung dose [65]. There are
methods of modifying the approach to dosimetry in
order to treat most patients with elevated lung shunt
in a safe manner. Now that radioembolization is
becoming more accepted as a therapeutic modal-
ity, lung dosimetry should be refined in order not to
exclude patients from therapy based on dosimetry
models that may benefit from improvements.

15.4.9
Response Assessment

The imaging evaluation following radioemboliza-
tion is difficult by CT or MRI [66, 67]. PET scanning
has emerged as an integral imaging modality in the
assessment of treatment response to °°Y. While CT
provides anatomic information on tumor burden,
PET is better at characterizing the functional status
of the tumor, both prior to and following treatment.
In several studies published, metastatic colorectal
liver lesions were evaluated using CT and PET before
and after successful °°Y treatment. PET was found to
be consistently superior at assessing tumor response
to therapy compared to CT [68-71]. Moreover, re-
duction in metabolic activity measured by PET was
correlated with a reduction in CEA. Portal vein re-
traction has also been described as a secondary sign
of response of HCC to *°Y therapy [72].

Traditional methods for the evaluation of tumor
response to therapy have been size reduction on CT
through the application of the WHO or Response
Evaluation Criteria in Solid Tumors (RECIST) crite-
ria [73, 74]. However, some pitfalls may occur when
those methods based on CT dimensional changes
are applied to °°Y therapy. First, RECIST or WHO
criteria do not allow for the use of PET scanning
in the follow-up evaluation, thereby ignoring the
functional nature of the residual tissue. Further-
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more, since *’Y treatment is a highly targeted form
of radiation therapy, it may at times lead to tumor
necrosis, edema and peri-tumoral hemorrhage, re-
sulting in an increase in tumor size. By RECIST or
WHO criteria, this might suggest stabilization of tu-
mor or progression, rather than response. However,
upon closer analysis and correlation to PET, inves-
tigators have found the reverse to be true [68-70].
Furthermore, some have shown that traditional CT
techniques can be misleading and underestimate
the true metabolic response of °°Y [69, 70, 75, 76]. In
fact, the conclusions of the Barcelona - 2000 EASL
conference noted that extensive tumor necrosis is
not typically paralleled by a reduction in tumor di-
ameter [74]. The recommendations from this expert
panel suggested the estimation of tumor response
following ablative therapies should include necrosis
and lack of enhancement. This is also true for radio-
embolization.

Therefore, in patients being treated with °°Y,
standard evaluation and follow-up should include
liver functions, tumor markers, and imaging on
CT or MRI with assessment of lack of enhancement
and necrosis. However, in patients with secondary
malignancies such as colon cancer, the importance
of a sound knowledge of CT findings and imaging
pitfalls following Y, as well as the necessity of in-
cluding PET cannot be understated [69-71]. The ap-
plicability of functional imaging in the follow-up of
the %Y patient is undergoing further investigation,
including diffusion weighted MRI [64].

15.4.10
Portal Vein Thrombosis

Patients with portal vein thrombosis (PVT) tend to
be neglected from trans-arterial options. The inci-
dence of this finding is not uncommon, especially
given that 1/3 of all HCCs exhibit PV'T, and that new
agents such as bevacizumab may cause PVT in me-
tastases patients. The recently published American
Association for the Study of Liver Disease Practice
Guideline for the management of HCC has identified
a subgroup of patients within the Barcelona Clinic
Liver Cancer (BCLC) staging system who present
with advanced stage disease characterized by clini-
cal symptoms and vascular invasion, including por-
tal vein thrombosis [77]. The challenge in treating
patients with portal vein thrombosis using embolic
type therapy is the risk of liver failure due to com-
promise of both portal and hepatic flow. Preliminary

studies have shown that °°Y can be safely admin-
istered in patients with portal vein thrombosis, if
microsphere infusion is not taken to angiographic
stasis of the tumor bed [78]. Moreover, in the case
of single portal branch occlusion in the absence of
main occlusion, embolic agents may be considered if
patients are selected carefully and hepatopedal flow
is present. This presents an opportunity to assess
the relative safety and efficacy of *°Y vs. a number
of agents in a prospective randomized paradigm in
patients with PVT.

15.4.11
Hepatico-enteric Anastomoses/Biliary Stents

Another group that tends to be underrepresented
in trans-arterial therapies is that of patients who
have undergone previous biliary surgery, hepatico-
enteric anastomoses, or biliary stents. It is well
recognized that these patients are at high risk for
infection following embolic and ablative therapies
[79-81]. Given that blood supply to the biliary tree
is via the 30-pm peribiliary plexus, *Y microspheres
may potentially flow into and have an effect on the
biliary tree. When a patient has been stented or has
undergone surgery with violation and disruption of
the ampulla of Vater, the biliary tree is colonized,
creating a nidus for infection. Decompressing the
biliary tree with endoscopic stents or percutaneous
transhepatic cholangiography should not be as-
sumed to reduce the risks associated with *°Y use.
Controlled studies investigating the role of *°Y in
these patients should be considered.

15.5
Conclusion

There are continuing challenges and opportuni-
ties in the *°Y treatment of liver disease. Several
phase I studies using °°Y microspheres in combi-
nation with infusional chemotherapy regimens in
metastatic colorectal cancer to the liver have dem-
onstrated very effective tumor response and stabi-
lization of disease [48]. However, the use of these
regimens must be tempered against the neurologic,
hematologic and GI toxicities that result. Whether
the synergistic effect of °Y and radiosensitizers out-
weighs the risk of increased toxicity remains to be
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determined. The final determination of safety and
efficacy will await the completion of randomized
controlled trials comparing combinatorial *°Y and
chemotherapy vs. chemotherapy alone.

The unique aspect of *°Y therapy is its minimal
toxicity profile and highly effective tumor kill and
minimal exposure to normal liver tissue in prop-
erly selected patients. These unique characteristics
in conjunction with the minimally invasive nature
provide an attractive option for patients for whom
there are few alternatives. The technical and clinical
demands of patient selection, treatment planning,
%Y administration and clinical follow-up require
a dedicated interdisciplinary team willing to work
cooperatively to achieve the best result for the pa-
tient. The clinical benefit and potential for enhanc-
ing quality of life for the patient given this commit-
ment present an exciting research opportunity for
the field of interventional oncology.
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