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Purpose: To prospectively evaluate the safety, efficacy, and survival of
patients with chemorefractory liver metastases who have been
treated with yttrium 90 (90Y) glass microspheres.

Materials and
Methods:

Institutional review boards from two institutions approved
the HIPAA-compliant study; all patients provided informed
consent. One hundred thirty-seven patients underwent
225 administrations of 90Y microspheres by using intraar-
terial infusion. Primary sites (origins) included colon,
breast, neuroendocrine, pancreas, lung, cholangiocarci-
noma, melanoma, renal, esophageal, ovary, adenocarci-
noma of unknown primary, lymphoma, gastric, duodenal,
bladder, angiosarcoma, squamous cell carcinoma, thyroid,
adrenal, and parotid. Patients underwent evaluation of
baseline and follow-up liver function and tumor markers
and computed tomographic or magnetic resonance imag-
ing. Patients were observed for survival from first treat-
ment. Median survival (in days) and corresponding 95%
confidence intervals were computed by using the Kaplan-
Meier method. The log-rank statistic was used for statisti-
cal significance testing of survival distributions between
various subgroups of patients.

Results: There were 66 men and 71 women. All patients were treated
on an outpatient basis. Median age was 61 years. The mean
number of treatments was 1.6. The median activity and dose
infused were 1.83 GBq and 112.8 Gy, respectively. Clinical
toxicities included fatigue (56%), vague abdominal pain (26%),
and nausea (23%). At follow-up imaging, according to World
Health Organization criteria, there was a 42.8% response rate
(2.1% complete response, 40.7% partial response). There was
a biologic tumor response (any decrease in tumor size) of 87%.
Overall median survival was 300 days. One-year survival was
47.8%, and 2-year survival was 30.9%. Median survival was
457 days for patients with colorectal tumors, 776 days for those
with neuroendocrine tumors, and 207 days for those with non-
colorectal, nonneuroendocrine tumors.

Conclusion: 90Y hepatic treatments are well tolerated with acceptable
toxicities; tumor response and median survival are prom-
ising.
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R adioembolization has been
shown to be effective in the
treatment of unresectable hepa-

tocellular carcinoma, as well as unre-
sectable colon carcinoma metastases
(1–4). Radioembolization is a local-
regional liver-directed therapy that in-
volves transcatheter delivery of parti-
cles embedded with the radioisotope
yttrium 90 (90Y). Particles are infused
through a catheter into the hepatic ar-
tery where they travel distally and
lodge at the tumor arteriolar level. 90Y
is a pure beta emitter that delivers a
high dose of radiation to the tumor,
which results in necrosis. One of the
clinically available products for radio-
embolization is TheraSphere (MDS
Nordion, Ottawa, Ontario, Canada).
TheraSphere has received a humani-
tarian device exemption from the
Food and Drug Administration for use
in hepatocellular carcinoma. Investi-
gators are directed to published Food
and Drug Administration guidelines
for the use of humanitarian device ex-
emptions in disease conditions other
than the approved indication. The use
of this therapy for hepatocellular car-
cinoma, colorectal carcinoma, and
mixed neoplasia has been previously
reported (1–11). Although short-term
results of radioembolization for meta-
static liver disease are promising (re-
sponse rates, 30%–60%), the purpose
of our study was to prospectively eval-
uate the safety, efficacy, and survival
of patients with chemorefractory liver
metastases who have been treated
with 90Y glass microspheres.

Materials and Methods

One author (R.S.) is a consultant for
MDS Nordion and has disclosed a po-
tential conflict of interest. None of the
other authors have disclosed a conflict.
The data were controlled by all authors.
No industry support for this study was
provided.

Eligibility Criteria
Between 2002 and 2006, 137 patients
with chemorefractory liver-dominant
metastases from various primary ma-
lignancies were treated at two institu-
tions (Northwestern University and
Beaumont Hospital) and were pro-
spectively enrolled in this open-label
phase II study. All patients underwent
preprocedural imaging with computed
tomography (CT). Magnetic reso-
nance (MR) imaging was performed in
the setting of contrast material aller-
gies or renal dysfunction. Liver func-
tion and tumor markers were evalu-
ated when appropriate. Positron emis-
sion tomography (PET) was used to
assess response in patients with con-
ditions commonly assessed by using
PET, such as colorectal and breast
cancers. Survival and follow-up data
from both institutions were obtained
and included in this analysis. The in-
stitutional review boards from both in-
stitutions approved our Health Insur-
ance Portability and Accountability
Act–compliant study, and all patients
provided informed consent.

Inclusion criteria were as follows:
(a) chemorefractory or progressive
liver-dominant metastases; (b) being a
nonsurgical candidate; (c) Eastern Co-
operative Oncology Group (ECOG) per-
formance status of 0–2; (d) noncompro-
mised pulmonary function; (e) the abil-
ity to undergo angiography and selective
visceral catheterization; (f) adequate
hematology (granulocyte count � 1.5 �
109/L, platelets � 50 � 109/L) and renal
function (creatinine level � 2.0 mg/dL
[176.8 �mol/L]); (g) adequate liver
function (bilirubin level � 2.0 mg/dL
[34.2 �mol/L]); and (h) limited extrahe-
patic disease not deemed clinically
important by the referring physician.
Exclusion criteria were as follows:
(a) other planned systemic or local-
regional therapy for their cancer; (b)
liver failure (bilirubin level � 2.0 mg/dL

[34.2 �mol/L]); (c) evidence of any un-
correctable flow to the gastrointestinal
tract observed at angiography or tech-
netium 99m macroaggregated albumin
imaging; and (d) greater than 30 Gy
(16.5 mCi) estimated to be delivered to
the lungs in a single administration or
50 Gy in multiple administrations.

Patient Referral and Work-up
Progression of liver metastases in pa-
tients was documented by using two
consecutive imaging studies (CT or
MR imaging), and patients were re-
ferred to interventional radiology for
treatment by the attending medical or
surgical oncologists (M.F.M., A.B.,
R.M., M.T., S.B.N., J.M.S.). After ob-
taining relevant laboratory test results
(liver function tests, complete blood
count, metabolic panel) and clinical
history, patients underwent pretreat-
ment angiography with selective vis-
ceral catheterization. Preprocedural
angiography was performed to evalu-
ate anatomy and identify vessels that
required intervention such as emboli-
zation. The estimated shunt fraction of
90Y to the lungs was also calculated at
that time (1,12–17). Baseline images
were evaluated for the percentage of
tumor burden in the liver, presence of
extrahepatic metastases, portal ve-
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Advance in Knowledge

� The efficacy of radioembolization
is demonstrated by an 87% radio-
logic response rate.

Implication for Patient Care

� Patients with good performance
status and liver-dominant disease
may obtain some clinical benefit
from radioembolization.
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nous occlusion, and the overall num-
ber of lesions.

Treatment and Follow-up Evaluation
Depending on the extent of disease within
the liver at presentation, patients re-
ceived either bilobar (right and left lobe)
or unilobar treatment. For bilobar treat-
ment, the first lobe treatment was fol-
lowed by the second lobe treatment ap-
proximately 30 days later. No whole liver
infusions were performed. Lobar treat-
ment was targeted to deliver 120 Gy by
using previously published dosimetry
techniques (18). Infusion of 90Y micro-
spheres (TheraSphere) was performed
by four interventional radiologists (R.S.,
R.K.R., K.T.S., and R.J.L. with 8, 8, 5,
and 2 years of experience, respectively).
Baseline imaging with spiral CT or dy-
namic gadolinium-enhanced MR imaging
was performed prior to treatment for all
patients. For those patients receiving bi-
lobar treatment, imaging was repeated
just prior to the second lobar treatment
(30–45 days) and again at 3 months after
first imaging. Patients undergoing unilo-
bar treatment were scheduled for imag-
ing every 30 days and then once every 3
months. Patients were followed up with
imaging every 3 months until the patient
died. Laboratory and clinical toxicity re-
sults (including lymphocytes) were as-
sessed at each clinic visit and were clas-
sified by using the National Cancer Insti-
tute common toxicity criteria (version
3.0) (grade 0 � normal, grade 1 � more
than upper limit normal [ULN] to 1.5
times ULN, grade 2 � more than 1.5 to
three times ULN, grade 3 � more than
three to 10 times ULN, grade 4 � more
than 10 times ULN). Procedural compli-
cations were classified by using the stan-
dards established by the Society of In-
terventional Radiology (19). All patients
were prescribed a 2-week course of
proton pump inhibitors. Patients with-
out diabetes received a 5-day methyl-
predisolone dose pack to counteract fa-
tigue.

Data Collection and Outcome Measures
All medical, laboratory, and clinical
data were prospectively collected. Be-
cause use of 90Y microspheres is a liver-
directed therapy, tumor response was

limited to an assessment of hepatic le-
sions. Tumor response at CT or MR
imaging was determined for a maximum
of four measurable lesions (�1 cm) per
patient in terms of the product of the
greatest cross-sectional tumor length
and the length of the corresponding or-
thogonal projection (cross product).
Corresponding lesions from baseline
and posttreatment studies were com-
pared during venous and arterial con-
trast phases to assess tumor morphol-
ogy and size changes. Complete re-
sponse was defined as a change in the
sum of the cross products to zero (ie, a
100% reduction); partial response, as a
decrease in the sum of cross products
by at least 50%; stable disease, as a
decrease in the sum of cross products
by less than 50% or an increase less
than 25%; and progression, as an in-
crease in the sum of cross products by
at least 25% (20). Posttreatment stud-
ies were compared side by side on a
computer display with pretreatment im-
ages and were assessed simultaneously
by three board-certified radiologists
(R.S.; R.J.L.; and F.H.M., who had 14
years of experience). The primary end
point was survival. Survival was calcu-
lated for the entire group and was then
stratified by age, tumor vascularity, tu-
mor number, and tumor type. Second-
ary end points included clinical and lab-
oratory toxicities, as well as tumor re-
sponse.

Statistical Analysis
All statistical analysis was performed by
using software (SAS, version 8.2; SAS
Institute, Cary, NC). The treated-pa-
tient sample was assessed relative to
demographics, functional ECOG perfor-
mance status, tumor burden, and liver
function laboratory measurements be-
fore treatment. Median, minimum, and
maximum values were used to describe
the doses (in grays) delivered to the
treated liver, which was categorized by
the location (bilobar, right lobe, or left
lobe) of tumor burden at presentation.
Lung dose (in grays) was accumulated
during treatments, which was based on
the percentage of activity estimated to
flow to the lungs at technetium 99m
macroaggregated albumin imaging.

Survival analyses were conducted
by using time from the first treatment
until death or by censoring at the last
follow-up date. Median survival (in
days) and corresponding 95% confi-
dence intervals (CIs) were computed by
using the Kaplan-Meier method (21).
The log-rank statistic was used for sta-
tistical significance testing of survival
distributions between the various sub-
groups of patients (22). A P value of less
than .05 indicated a significant differ-
ence.

Results

Demographics
One hundred thirty-seven patients un-
derwent a total of 225 administrations
of 90Y microspheres by using transcath-
eter intraarterial infusion (Table 1).
The median age of patients was 61
years, and there were 66 men and 71
women. Primary sites (origins) of ma-
lignancy included colon (n � 51), breast
(n � 21), neuroendocrine (n � 19),

Table 1

Patient Demographics and Treatment

Parameter Datum

Age (y)
� 65 80 (58)
� 65 57 (42)

Sex
Men 66 (48)
Women 71 (52)

ECOG score
0 82 (60)
1 40 (29)
2 14 (10)
3 1 (�1)

No. of treatments
Total 225
Mean 1.6
Range of number of treatments

1 69 (50)
2 52 (38)
3 14 (10)
4 1 (�1)
5 0 (0)
6 1 (�1)

Note.—Unless otherwise indicated, data are numbers
of patients, with percentages in parentheses.
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cholangiocarcinoma (n � 7), pancreas
(n � 6), lung (n � 5), melanoma (n �
5), renal (n � 4), esophageal (n � 3),
adenocarcinoma unknown primary
(n � 3), ovary (n � 2), adrenal (n � 1),
angiosarcoma (n � 1), bladder (n � 1),
cervical (n � 1), duodenal (n � 1), gall-
bladder (n � 1), gastric (n � 1), lym-
phoma (n � 1), parotid (n � 1), squa-
mous cell carcinoma (n � 1), and thyroid
(n � 1). All patients were considered to
have unresectable disease, and none
responded to standard-of-care poly-
chemotherapy (Table 2).All patients’ per-
formance status was evaluated by using the
ECOG criteria (Table 3). Patients received
a mean number of 1.6 treatments (range,

1–6), and all were released from the hos-
pital within 6 hours of the procedure.

Baseline Imaging Characteristics
Baseline tumor burden before therapy
is shown in Table 4. Eighty percent of
patients had a tumor burden of 25% or
less, 15% had 26%–50% tumor replace-
ment, and 5% had 51%–75% tumor

burden. No patients had greater than
76% tumor replacement. The presence
of any prior treatments to the liver was
also noted. Eighty-four percent of pa-
tients had not previously undergone any
liver-directed therapies, such as radio-
frequency ablation or transarterial che-
moembolization. Limited extrahepatic
metastases were noted in 50% of all

Table 2

Patient Demographics according to
Primary Disease

Parameter Datum

Colon
Men 33 (65)
Women 18 (35)
Mean age (y) 63.1
Age � 65 years 27 (53)
Age � 65 years 24 (47)

Breast
Men 0 (0)
Women 21 (100)
Mean age (y) 52.3
Age � 65 years 16 (76)
Age � 65 years 5 (24)

Neuroendocrine
Men 10 (53)
Women 9 (47)
Mean age (y) 57.2
Age � 65 years 13 (68)
Age � 65 years 6 (32)

Cholangiocarcinoma
Men 5 (71)
Women 2 (29)
Mean age (y) 64.7
Age � 65 years 3 (43)
Age � 65 years 4 (57)

Other locations
Men 18 (46)
Women 21 (54)
Mean age (y) 64.4
Age � 65 years 21 (54)
Age � 65 years 18 (46)

Note.—Unless otherwise indicated, data are numbers
of patients, with percentages in parentheses.

Table 3

ECOG Performance Status in Patients according to Tumor Groups

Status Colon Breast Neuroendocrine Cholangiocarcinoma Other Locations

0 34 (67) 12 (57) 15 (79) 4 (57) 17 (44)
1 12 (24) 6 (29) 3 (16) 3 (43) 16 (41)
2 5 (10) 3 (14) 1 (5) 0 (0) 5 (13)
3 0 (0) 0 (0) 0 (0) 0 (0) 1 (3)

Note.—Data are numbers of patients, with percentages in parentheses.

Table 4

Baseline Imaging Results and Laboratory Characteristics of Patients

Parameter Men (n � 66) Women (n � 71) Total (n � 137)

Tumor burden
0%–25% 54 (82) 55 (77) 109 (80)
26%–50% 7 (11) 14 (20) 21 (15)
51%–75% 5 (8) 2 (3) 7 (5)
�76% 0 (0) 0 (0) 0 (0)

Distribution
Unilobar 14 (21) 13 (18) 27 (20)
Bilobar 52 (79) 58 (82) 110 (80)

Total bilirubin level
Grade 0 (normal) 57 (86) 66 (93) 123 (89.8)
Grade 1 5 (8) 3 (4) 8 (5.8)
Grade 2 4 (6) 2 (3) 6 (4.4)

Previous liver directed therapy
Yes 13 (20) 9 (13) 22 (16)
No 53 (80) 62 (87) 115 (84)

Extrahepatic metastases
Yes 25 (38) 43 (61) 68 (50)
No 41 (62) 28 (39) 69 (50)

Portal vein occlusion
Yes 2 (3) 3 (4) 5 (4)
No 64 (97) 68 (96) 132 (96)

More than four metastatic lesions
Yes 39 (59) 52 (73) 91 (66)
No 27 (41) 19 (27) 46 (34)

Standard mesenteric anatomy
Yes 36 (55) 41 (58) 77 (56)
No 30 (45) 30 (42) 60 (44)

Note.—Data are numbers of patients, with percentages in parentheses.
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patients. The portal vein was occluded
in 4% of patients. Sixty-six percent of
patients had more than four liver lesions
at their initial evaluation. Forty-four
percent of patients had mesenteric
anatomy that required some transarte-
rial intervention, such as coil emboliza-
tion prior to treatment (eg, gastroduo-
denal, right gastric, falciform, or acces-
sory left gastric artery embolization).
Sixty-eight of 137 patients underwent
baseline PET.

Tumor Response
A total of 332 lesions in 137 patients
were measured. The median number of
follow-up studies was two (range,
1–10). The mean imaging follow-up
time was 159 days (95% CI: 22, 758).
The mean and median lesion size was
4.2 and 2.8 cm, respectively (range,
1.0–16.2 cm). The time to partial re-
sponse was 133 days (95% CI: 120,
170). A complete response was demon-
strated in 2.1% of lesions, and 40.7% of
lesions had a partial response, for an
overall World Health Organization re-
sponse rate of 42.8%. Forty-seven per-
cent of lesions had stable disease, and
10.2% had progression according to
World Health Organization criteria.
When looking at radiologic criteria
alone (ie, any decrease in tumor size
after treatment), there was an 87% tu-
mor response to treatment and a 13%
rate of progression (Figure). The me-
dian time to progression was 462 days
(95% CI: 422, 541). The median dura-
tion of response was 433 days (95% CI:
341, 541). There was a 50% decrease in
tumor markers in 20 (37%) of 54 pa-
tients with available pre- and posttreat-
ment data. Of the 68 patients with initial
PET scans, the response assessment at
PET was as follows: complete response,
9; partial response, 52; and progressive
disease, 12. Some patients underwent
more than one PET scan; however, the
overall response rate was 90% (61 of 68
patients).

Safety Assessment
All patients were treated on an outpa-
tient basis and hence released on the
same day as treatment. The most com-
mon clinical toxicity was fatigue (56%),

followed by nonspecific self-limiting ab-
dominal pain (26%), nausea (23%), fe-
ver (6%), anorexia (6%), diarrhea
(6%), transient gustatory change
(1.5%), groin hematoma (1.5%), and
chills (1.5%). Of all patients, 89.8% had
a normal bilirubin level at baseline,
5.8% had grade 1 bilirubin toxicity, and
4.4% had grade 2 toxicity (Table 5).
After treatment, 100 patients (76.3%)
showed no change in serum total biliru-
bin level after therapy. Six patients had
grade 3 or 4 bilirubin toxicity; four im-
proved from baseline levels (Table 5).
There was no significant difference in
bilirubin toxicities on the basis of tumor
type. Twenty-nine percent had no clini-
cal complaints after treatment.

Follow-up data on lymphocytes
was available in 131 patients. Eighty-
six (62.8%) patients had a normal
lymphocyte count prior to treatment.
At follow-up, 44.5% remained un-
changed from their preprocedural val-
ues. Sixty-eight (49.6%) had a de-
crease in their lymphocyte counts af-
ter treatment (Table 6).

Five patients had complications that
required subsequent interventions.
These were classified as major compli-
cations. There was one case of gastro-
intestinal ulceration (biopsy proved)
and one case of radiation-induced cho-
lecystitis requiring surgery. Two pa-
tients developed bilomas requiring per-
cutaneous external drainage. One pa-

Waterfall plot demonstrates maximum change from baseline in cross product of 332 lesions after therapy.

Table 5

Bilirubin Toxicity 90 Days after Baseline

Bilirubin Level Men Women Total

No change 47 53 100
Worsened from baseline

Grade 0 to 3 1 5 6
Grade 0 to 4 1 0 1
Grade 2 to 3 0 1 1

Improved from baseline
Grade 1 to 0 2 0 2
Grade 2 to 0 2 0 2

Note.—Data are numbers of patients. Follow-up laboratory data were available in 131 patients.
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tient with previous hepaticojejunostomy
developed a hepatic abscess requiring
external drainage.

Treatment Dosimetry
The median volume of the treated lobes
was 840 cm3 (range, 250–2700 cm3).
The median activity at the time of infu-
sion in the dose vial was 1.83 GBq
(range, 0.7–6.9 GBq). The median re-
sidual activity in the vial was 1.8% (0%–
30.7%). The median lung shunt fraction
was 3.7% (range, 0%–26.6%). The me-
dian lung dose was 3.18 Gy. The mean
radiation absorbed dose per site was
112.8 Gy (range, 27–180 Gy) (Table 7).

Survival
Seventy (51.1%) patients died during
follow-up (Table 8). Mean clinical fol-
low-up was 287 days. The median sur-
vival for all patients was 300 days
(95% CI: 234, 591). The 1-year sur-
vival rate for the group was 47.8%,
and 2-year survival rate was 30.9%.
Fifty-five percent of patients were
younger than 65 at initial treatment.
The median survival rate for those
younger than 65 was 255 days, com-
pared with 591 days for those older
than 65 years old. Patients with hyper-
vascular tumors at angiography had a
median survival time of 300 days,
whereas those with hypovascular tu-
mors had a median survival of 261
days. Similarly, patients with tumors
that were hypervascular at cross-
sectional imaging had a median sur-
vival of 306 days, compared with 284
days for those with hypovascular tu-
mors. Patients with four or fewer le-
sions had a median survival rate of 632
days, but those with more than four
lesions had a median survival rate of
234 days. A subset analysis of colorec-
tal, neuroendocrine, and noncolorec-
tal, nonneuroendocrine tumors in pa-
tients demonstrated median survival
rates of 457 (15.2 months), 776 (25.9
months), and 207 (6.9 months) days,
respectively.

Discussion

A large number of patients with meta-
static disease of the liver either initially

Table 6

Lymphocyte Data

Parameter Men (n � 66) Women (n � 71) All Patients (n � 137)

Baseline
Low 25 (38) 26 (37) 51 (37.2)
Normal 41 (62) 45 (63) 86 (62.8)

Follow-up
Low 58 (88) 57 (80) 115 (83.9)
Normal 6 (9) 10 (14) 16 (11.7)
Missing 2 (3) 4 (6) 6 (4.4)

Results from baseline to follow-up
Low to �low 25 (38) 22 (31) 47 (34.3)
Low to �normal . . . 2 (3) 2 (1.5)
Normal to �low 33 (50) 35 (49) 68 (49.6)
Normal to�normal 6 (9) 8 (11) 14 (10.2)
Missing 2 (3) 4 (6) 6 (4.4)

Cumulative days of lymphocyte depression
Mean 223.8 220.3 222.0
Median 173.0 172.0 172.0
Minimum 17 1 1
Maximum 964 954 964

Patients returning to normal lymphocyte level 12 (36) 12 (34.3) 24 (35.3)
Days to return to normal level

Mean 82.1 130.5 106.3
Median 69.5 105.0 87.0
Minimum 15 29 15
Maximum 268 392 392

Note.—Unless otherwise indicated, data are numbers of patients, with percentages in parentheses.

Table 7

Yttrium 90 Dosing Parameters

Parameter Men Women All Patients

No. of treatments 107 118 225
Lobe volume (cm3)

Mean 1033 826 924
Median 931 800 840
Minimum 250 300 250
Maximum 2700 1800 2700

Activity at time of infusion (GBq)
Mean 2.34 1.97 2.15
Median 1.86 1.80 1.83
Minimum 0.7 0.8 0.7
Maximum 6.9 4.4 6.9

Lung shunt fraction (%)
Mean 5.54 5.00 5.26
Median 4.00 3.30 3.70
Minimum 1.00 0.00 0.00
Maximum 26.6 22.4 26.6

Lung dose per treatment (Gy)
Mean 5.98 4.58 5.23
Median 3.54 2.79 3.18

Radiation dose to site (Gy)
Mean 105.5 109.4 107.5
Median 108.4 114.1 112.8
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Table 8

Survival Analysis

Parameter
No. of
Patients

No. of Patients
Who Died*

Mean
Survival (d)

Median
Survival (d)

1-year
Survival (%)

2-year
Survival (%) P Value

Patients 137 70 (51.1) 418 300 47.8 30.9 .434
Men 66 39 (59) 393 264 43.4 24.4
Women 71 31 (44) 438 562 53.1 40.6

Age (y) .211
�65 80 44 (55) 386 255 40.9 25.6
�65 57 26 (46) 449 591 57.2 38.6

Primary diagnosis .021
Colon 51 25 (49) 416 457 53.7 26.7
Neuroendocrine 19 6 (32) 591 776 69.3 69.3
Noncolorectal, nonneuroendocrine 67 39 (58) 341 207 36.8 26.5

ECOG category �.001
0 82 23 (28) 592 731 75.3 51.9
�0 55 47 (85) 169 137 9.6 0

ECOG category (colon) �.001
0 34 9 (26) 553 657 82.1 43.6
�0 17 16 (94) 195 160 8.8 0

ECOG category (neuroendocrine) .012
0 15 3 (20) 678 776 83.3 83.3
�0 4 3 (75) 181 219 25.0 25.0

ECOG category (noncolorectal, nonneuroendocrine) �.001
0 33 11 (33) 534 731 64.8 51.8
�0 34 28 (82) 144 124 8.3 0

Angiographic vascularity .955
Hypervascular 108 56 (51.9) 420 300 48.5 25.9
Hypovascular 29 14 (48) 382 261 47.9 32.8

CT vascularity .671
Hypervascular 24 15 (63) 408 306 47.6 30.5
Hypovascular 113 55 (49) 384 284 48.3 31.1

Tumor burden .001
0%–25% 109 49 (45.0) 457 506 54.6 35.8
26%–50% 21 14 (67) 300 181 33.2 22.1
51%–75% 7 7 (100) 147 158 0 0
�76% 0 0 (0) . . . . . . . . . . . .

Tumor burden (colon) .001
0%–25% 41 16 (39) 458 562 64.8 38.1
26%–50% 7 6 (86) 271 151 21.4 0
51%–75% 3 3 (100) 141 158 0 0
�76% 0 0 (0) . . . . . . . . . . . .

Tumor burden (neuroendocrine) .094
0%–25% 14 3 (21) 666 776 81.8 81.8
26%–50% 3 1 (33) 52 . . . 66.7 66.7
51%–75% 2 2 (100) 234 234 0 0
�76% 0 0 (0) . . . . . . . . . . . .

Tumor burden (noncolorectal, nonneuroendocrine) .016
0%–25% 54 30 (56) 355 234 39.2 22.4
26%–50% 11 7 (64) 137 181 31.2 31.2
51%–75% 2 2 (100) 70 70 0 0
�76% 0 0 (0) . . . . . . . . . . . .

More than four lesions .013
Yes 91 51 (56) 370 234 37.4 28.4
No 46 19 (41) 504 632 68.6 38.1

* Data in parentheses are percentages.
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do not respond to systemic chemother-
apy or ultimately have disease that be-
comes chemorefractory. For these pa-
tients, liver-directed therapies aimed at
treating liver metastases directly pro-
vide an effective alternative. The pur-
pose of this open-label phase II study
was to assess the safety and efficacy of
radioembolization in this patient popu-
lation.

The number of men and women in
our cohort was similar, as was the num-
ber of patients younger than age 65 and
those 65 and older. Half the patients
received only one treatment, while the
remainder required multiple radioem-
bolizations. Given that the therapy used
has been shown to be minimally
embolic, multiple repeated treatments
through the same artery are possible
given the preserved vascular patency
(23). This is because the end point of
this therapy is not complete macrovas-
cular occlusion and embolization.
Rather, the primary modes of action of
this therapy are tissue radiation, not tis-
sue ischemia, and microvascular embo-
lization without reaching stasis.

Radioembolization with this therapy
has been shown to be clinically well tol-
erated (1,4,24). Our study results con-
firm this finding because only two pa-
tients experienced the major complica-
tions of radiation cholecystitis and
ulceration. Clinically, the most common
complaints were fatigue, pain, and nau-
sea. Almost 30% of patients had no
complaints after treatment. Patients
were all treated on a same-day basis
with minimal restrictions after the pro-
cedure. In the majority of patients
(76.3%), there was no change in serum
bilirubin level at 90 days. Seven patients
had grade 3 or 4 bilirubin toxicity; all of
these toxicities were attributed to dis-
ease progression. Four patients actually
had an improvement in their bilirubin
toxicities after treatment. One possible
explanation for this phenomenon is that
the initial elevated bilirubin level was
caused by mild biliary compression by
the tumor, resulting in obstruction. Af-
ter treatment, a decrease in tumor size
may result in improvement of the mi-
croscopic obstruction. In 44.3% of pa-
tients, there was no change in the lym-

phocyte count from preprocedural lev-
els; however, 49.6% decreased from
normal levels. Despite this lymphope-
nia, this finding was of no clinical con-
sequence, because no patients had signs
or symptoms of opportunistic infec-
tions.

Tumors treated had a mean diame-
ter of 4.2 cm. Median time to partial
response was 133 days. This is slightly
longer than previous reports of 75–82
days with this therapy (25,26). Overall,
there was a response rate of 42.8% at
the lesional level (2.1% complete re-
sponse, 40.7% partial response). How-
ever, because the World Health Organi-
zation criteria for response require at
least a 50% decrease in size of the le-
sion, many tumors that had a radiologic
response were still classified as stable
disease. The actual biologic response
rate of treated tumors was 87%, with
those lesions showing at least some de-
crease in size after therapy. Although
the progression rate for this group was
10.2% by using World Health Organiza-
tion criteria, the actual radiologic pro-
gression rate was 13% (any increase in
size). Functional response rate was sup-
ported by the 90% response at PET ob-
served in this cohort of patients.
Twenty (37%) of 54 patients had a 50%
decrease in tumor marker levels after
treatment.

Differences in survival were seen
with different tumor type, ECOG per-
formance status, tumor burden, imag-
ing findings (hypovascular or hypervas-
cular tumors at angiography and cross-
sectional imaging), and number of
tumors. Median survival rate for pa-
tients with colorectal cancer, neuroen-
docrine tumors, and noncolorectal,
nonneuroendocrine tumors were 457,
776, and 207 days, respectively. This
subset analysis into three categories has
set the stage for further investigation in
these patient cohorts.

Patients with an ECOG perfor-
mance status of 0 had a median survival
time of 731 days, while those with an
ECOG performance status of more than
0 had a median survival of 137 days.
This trend was maintained across all
tumor types and reached statistical sig-
nificance, supporting the notion of poor

prognosis once cancer-related symp-
toms appear (ECOG � 0). A similar
phenomenon was noted with stratifica-
tion according to tumor burden. Pa-
tients with greater tumor burden ap-
pear to have a significantly lower sur-
vival rate than patients with a tumor
burden of 0%–25% (506 days). Not sur-
prisingly, this difference was also main-
tained for patients with colorectal can-
cer but not for those with neuroendo-
crine tumors or other tumor types.
Patients with neuroendocrine tumors
classically have prolonged survival rates
despite significant disease burden.

At cross-sectional imaging, 82.5%
of patients had hypovascular lesions in
the liver, while at angiography 78.8% of
tumors appeared hypervascular. All pa-
tients were treated in the same manner,
and there was no significant difference
in the median survival rate or the 1- and
2-year survival rates. Patients with hy-
pervascular tumors at angiography had
a median survival time of 300 days,
whereas those with hypovascular tu-
mors had a median survival of 261 days.
Similarly, patients with tumors that
were hypervascular at cross-sectional
imaging had a median survival time of
306 days, compared with 284 days for
those with hypovascular tumors. These
findings suggest the following: (a) signif-
icant discrepancy exists in the perceived
vascularity of liver metastases as as-
sessed at cross-sectional imaging com-
pared with that at the reference stan-
dard (angiography) and (b) the degree
of vascularity is not predictive of sur-
vival. This implies that the radiologic
appearance of tumors may not affect
the delivery of microspheres and should
not be used to include or exclude pa-
tients for this type of therapy. A statisti-
cally worse survival rate was noted in
patients with more than four liver le-
sions (234 days) compared with those
with four or fewer (632 days), a finding
consistent with the surgical literature
for colorectal cancer.

There were limitations to our study.
First, this is a heterogeneous cohort
treated and observed longitudinally
without a true comparator arm. How-
ever, given that these are patients with
chemorefractory disease who have pre-
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viously not responded to standard-of-
care therapies, no such control arm ex-
ists. The closest comparison of patients
who did not respond to systemic ther-
apy and were treated with supportive
care demonstrated an overall survival of
6 months (27). Second, many of these
patients were treated prior to the clini-
cal availability of growth factor inhibi-
tors, which made the impact of new
chemotherapeutic agents difficult to as-
sess. Third, this was an open-label
phase II study with a heterogeneous
population, which limits the ability to
generalize the findings. However, surgi-
cal treatment in similarly heteroge-
neous patients has been previously re-
ported to be beneficial (28–31). For ra-
dioembolization, subset analyses of
these data are now being used to iden-
tify specific patients who might defini-
tively benefit from this treatment. This
study was performed at two institutions
and warrants independent validation.

In conclusion, radioembolization repre-
sents a treatment option in patients with
chemorefractory liver metastases. This
therapy was able to halt or reverse pro-
gression at imaging in 87% of lesions
with acceptable toxicity. Functional re-
sponse was 90% at PET. Our study re-
sults suggest that radioembolization
may benefit patients with chemorefrac-
tory liver metastases and may poten-
tially affect overall or progression-free
survival compared with that of support-
ive care. Given the demonstration of
anatomic and functional response con-
firming tumoricidal effects from radio-
embolization, controlled studies in spe-
cific patient subsets in combination with
chemotherapeutics or biologics are now
being initiated.
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