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PURPOSE: To present safety and efficacy results obtained in treatment of a cohort of patients with unresectable
hepatocellular carcinoma (HCC) with use of 90Y microspheres (TheraSphere).

PATIENTS AND METHODS: Forty-three consecutive patients with HCC were treated with 90Y microspheres over a
4-year period. Patients were treated by liver segment or lobe on one or more occasions based on tumor distribution,
liver function, and vascular flow dynamics. Patients were followed for adverse events, objective tumor response, and
survival. Patients were stratified into three risk groups according to method of treatment and risk stratification (group
0, segmental; group 1, lobar low-risk; group 2, lobar high-risk) and Okuda and Child-Pugh scoring systems.

RESULTS: Based on follow-up data from 43 treated patients, 20 patients (47%) had an objective tumor response based
on percent reduction in tumor size and 34 patients (79%) had a tumor response when percent reduction and/or tumor
necrosis were used as a composite measure of tumor response. There was no statistical difference among the three risk
groups with respect to tumor response. Survival times from date of diagnosis were different among the risk groups
(P < .0001). Median survival times were 46.5 months, 16.9 months, and 11.1 months for groups 0, 1, and 2, respectively.
Median survival times of 24.4 months and 12.5 months by Okuda scores of I and II, respectively, were achieved (mean,
25.8 months vs 13.1). Patients had median survival times of 20.5 months and 13.8 months according to Child class A
and class B/C disease, respectively (mean, 22.7 months vs 13.6 months). Patients classified as having diffuse disease
exhibited decreased survival and reduced tumor response. There were no life-threatening adverse events related to
treatment.

CONCLUSIONS: Use of 90Y microspheres (TheraSpheres) provides a safe and effective method of treatment for a
broad spectrum of patients presenting with unresectable HCC. Further investigation is warranted.
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Abbreviations: ECOG � Eastern Cooperative Oncology Group, HCC � hepatocellular carcinoma, TACE � transcatheter arterial chemoembolization

HEPATOCELLULAR carcinoma (HCC)
represents an end-stage event result-
ing from chronic inflammatory liver

disease, which is largely caused by
geographically varying etiologic fac-
tors. In the United States, the age-ad-

justed incidence rates have doubled
during the past 20 years, primarily as a
result of latent hepatitis C infection. It
is estimated that, in 2004, between
8,500 and 11,500 new cases of HCC
were diagnosed (1). As many as 50%
of these patients receive no therapy for
their HCC; however, most patients do
receive palliative treatment for symp-
toms of pain, vascular and bile duct
obstruction, bleeding or risk of bleed-
ing associated with tumor progres-
sion, and liver failure and its sequelae
(2). Historic reasons for lack of treat-
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ment in many patients are multifacto-
rial and include the lack of safe and
efficacious systemic therapies, presen-
tation with end-stage liver disease,
and/or high intrahepatic or extrahe-
patic tumor burden. HCC is known to
be multidrug-resistant and, relative to
liver parenchyma, radiation-resistant
(3–6).

For patients who present with un-
resectable disease, adequate liver
function, and no contraindications to
treatment, a wide variety of local and
regional therapies have been devel-
oped for the purpose of providing lo-
cal control of liver tumors while spar-
ing essential vascular structures, liver
parenchyma, and adjacent organs.
These treatments (eg, thermal or
chemical ablation, embolization, and
chemoembolization) are applied intra-
operatively, percutaneously, or in-
traarterially with use of imaging
and/or angiographic guidance, with
the intent of inducing targeted tumor
necrosis and cytoreduction (7–9). Ab-
lation approaches target individual tu-
mors whereas intraarterial approaches
can be applied to individual tumors,
segmentally, or in a targeted fashion
for the treatment of tumors distributed
throughout a lobe of the liver with a
single administration.

90Y microspheres (TheraSphere;
MDS Nordion; Ottawa, ON, Canada)
are pure �-emitters. When placed
within the tumor vasculature, the mi-
crospheres can deliver high doses of
radiation, providing lethal insult to
HCC cells, destroying essential tumor
vascular flow, and resulting in cell
death and tumor necrosis (10,11). The
microspheres are delivered intraarteri-
ally through a catheter placed in the
hepatic artery that perfuses tumor(s)
anatomically located within a liver
segment, occupying multiple discrete
liver segments, or spanning several
contiguous segments (ie, regional).
The ability to superselectively place a
catheter, to take advantage of arterial
blood flow dynamics, and to vary the
amount of injected activity provides
an opportunity for individualization
of treatment, enabling the sparing of
liver parenchyma and adjacent organs
while delivering targeted tumoricidal
radiation doses. The purpose of this
article is to present phase II data on
the safety and effectiveness of the use
of 90Y microspheres (TheraSphere) for

first- or second-line treatment of 43
patients with unresectable HCC.

MATERIALS AND METHODS

Patients

Between July 2001 and January
2005, 43 prospectively enrolled pa-
tients with unresectable HCC were
treated with 90Y microspheres in this
phase II study. The institutional re-
view board approved the treatment
protocol as well as research use of the
data. Inclusion criteria for treatment
included: (i) diagnosis of HCC by
pathologic examination or by two im-
aging studies (computed tomography
[CT] and magnetic resonance [MR]
imaging) with increased �-fetoprotein
levels (�400 ng/mL), (ii) ineligibility
for liver resection or transplantation
(iii,) and an Eastern Cooperative On-
cology Group (ECOG) performance
status of less than 3. Patients were not
excluded based on age, presence of
portal vein thrombosis, vascular inva-
sion, portosystemic shunts, hepatofu-
gal flow, or limited extrahepatic dis-
ease. This last criterion was defined as
minimal extrahepatic disease that was
deemed significantly less life-threaten-
ing than the HCC itself (eg, solitary
lung, bone or adrenal metastases, and
lymph node �2 cm).

90Y Microsphere Treatment
90Y microspheres consist of nonbio-

degradable glass microspheres (mean
diameter of 25 �m), in which the 90Y is
an integral constituent of the glass. 90Y
is a pure �-emitter with a physical
half-life of 64.1 hours. The average en-
ergy of �-emission is 0.9367 MeV, with
a mean tissue penetration of 2.5 mm
and a maximum of 10 mm. One giga-
becquerel (27 mCi) of 90Y per kilogram
of tissue provides a dose of 50 Gy (12).
The microspheres were supplied in 0.5
mL of sterile, pyrogen-free water con-
tained in a 0.3-mL V-bottom vial se-
cured within a 12-mm clear acrylic vial
shield.

Before treatment, angiography with
selective visceral catheterization was
performed. This procedure was per-
formed to evaluate the vascular and
tumor anatomy and blood-flow dy-
namics, enabling a determination of
the optimal placement of the catheter
for selective treatment (13). After cor-

recting for risk of any gastrointestinal
flow with coil embolization, a techne-
tium Tc 99 macroaggregated albumin
scan was performed to test for gastro-
intestinal flow and to estimate the per-
cent of injected activity shunted to the
lungs. The method of computing the
required activity to be injected and the
dose received by the liver and lungs
has been published (12–14). CT or MR
imaging was used to determine the
liver volume to which 90Y micro-
spheres are delivered (ie, volume of
distribution). With use of a conversion
factor of 1.03 g/cm3, the correspond-
ing liver mass (in kg) was determined.
The method for calculating the re-
quired activity for injection and the
dose delivered to the target is:

TheraSphere activity (in GBq)

A� [D (in Gy) � M (in kg)]/50

where A is net activity delivered to the
liver, D is the radiation absorbed dose
to the target liver mass, and M is tar-
get liver mass.

When lung shunt fraction and re-
sidual activity in the vial after treat-
ment are taken into account, the actual
dose delivered to the target mass (Gy)
becomes:

D (in Gy) � [A (in GBq)

� 50 � (1 – [LSF – R])]/M (in kg)

where A is net activity delivered to the
liver, D is the radiation absorbed dose
to the target liver mass, M is target
liver mass, LSF is lung shunt fraction,
and R is percentage residual activity in
the vial.

Similarly, the fraction of liver
treated was estimated by dividing the
volume of liver used in the dose cal-
culation by the whole liver volume.
The estimated dose to the lungs was
calculated, assuming the lungs to be 1
kg in mass (12,14). Estimated lung
doses greater than 30 Gy on a single
administration or greater than 50 Gy
accumulated in multiple administra-
tions, as well as any detectable flow to
the gastrointestinal tract visualized on
the 99mTc macroaggregated albumin
scan that was uncorrectable using an-
giographic techniques, represent con-
traindications to treatment. Liver dose
was defined as the dose from a single
administration or the accumulated
dose to that specific volume if the spe-
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cific volume was treated multiple
times (unique-volume treatment). A
volume-weighted average was used to
compute the liver dose when two sep-
arate liver volumes were treated. For
example, if the left lobe (representing
one treated region and a fraction of
one fifth of the whole liver) was
treated followed by the right lobe (rep-
resenting one treated region and a
fraction of four fifths of the whole
liver), a volume-weighted average of
these two regions was used to com-
pute the dose delivered to the whole
liver (ie, fraction of 1).

The patient’s presenting ECOG per-
formance status, angiographically de-
termined profile of vascular anatomy,
anomalies, flow dynamics, liver func-
tion, and imaging-derived tumor bur-
den were all considered in formulat-
ing and carrying out the treatment
plan. The therapeutic approach was to
provide maximum radiation dose to
the liver tumor burden while minimiz-
ing radiation exposure to liver paren-
chyma. This approach resulted in pa-
tients receiving a single segmental or
lobar treatment or multiple segmental
or lobar treatments on one or more
occasions. Segmental versus lobar
treatment was defined by catheter
placement and arterial blood flow dis-
tribution. A treatment was classified
as segmental when the catheter was
placed in an artery that perfused no
more than two Couinaud liver seg-
ments. Patients were classified as be-
ing treated segmentally only if all of
their individual treatments were clas-
sified as segmental. Nonsegmental
treatments were defined as lobar.

Evaluations

After evaluation by a multidisci-
plinary tumor board comprised of per-
sonnel from medical oncology, hepa-
tology, transplant surgery, and
interventional radiology, patients
were referred for treatment with 90Y
microspheres. Pretreatment evalua-
tion included medical history, docu-
menting demographics, HCC risk fac-
tors, comorbid diseases, previous
cancer diagnoses and therapies, previ-
ous liver surgery, and previous sys-
temic or regional treatments for HCC.
Functional status was assessed by
ECOG performance status. Patients
had hematologic analysis (complete

blood count and platelet count), chem-
istry analysis (including liver and re-
nal function) and an �-fetoprotein as-
say. Pretreatment imaging included a
triple-phase helical CT or contrast ma-
terial–enhanced MR of the chest, ab-
domen, and pelvis; liver angiography
with selective visceral catheterization;
and a 99mTc macroaggregated albumin
scan for assessment of lung shunting.
Imaging studies were reviewed to
document tumor burden and location,
assess vascular anatomy and pres-
ence/absence of portal vein occlusion,
and determine target liver volumes for
use in dose calculations.

Patients were seen in clinical fol-
low-up at 2 and 4 weeks after each

treatment by the initial referring phy-
sician as well as the treating interven-
tional radiologists. After completion of
the initial treatment plan, follow-up
visits were scheduled at 1-month or
3-month intervals, depending on the
patient’s condition. At each follow-up
visit, evaluations included repeat
CT/MR imaging, repeat laboratory as-
sessments, and a clinical interview to
identify and record adverse events that
had occurred since the previous visit.

All patients underwent staging be-
fore treatment according to ECOG
performance status, Child-Pugh class,
Okuda score, and a previously pub-
lished novel 90Y risk-stratification sys-
tem (15–21).

Figure 1. Example of a patient classified in group 0. Pretreatment contrast material–
enhanced MR image demonstrates a right-lobe HCC measuring 6 cm � 7 cm. This patient
had a solitary feeding vessel to this tumor such that segmental infusion of 90Y micro-
spheres could be performed.
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Endpoints

Imaging-derived objective tumor
response and survival are presented as
efficacy measures, wherein tumor re-
sponse was evaluated for as many as
five measurable lesions. After treat-
ment, lesions were measured serially
and the best response in terms of size
reduction and/or tumor necrosis was
used. Tumor response was computed
with use of the product of the longest
diameter and length of the perpendic-
ular diameter for each of the measur-
able lesions (ie, cross-products) and
summed to represent tumor size. A
tumor response was assigned to those
patients who demonstrated a decrease
of greater than 50% in the sum of the
cross-products after treatment com-
pared with before treatment (22). Tu-

mor response also was evaluated by
rating the presence and extent of tu-
mor necrosis. Tumors were classified
as demonstrating treatment-related
necrosis when the tumor located on
pretreatment imaging demonstrated
decreased vascularity and greater than
a 50% increase in necrosis after treat-
ment. This approach allowed each
measurable lesion to be classified with
respect to treatment response based on
tumor shrinkage alone or based on a
composite measure of tumor shrink-
age and/or necrosis (23). Lesions as-
signed to the necrosis-only category
provided surrogate responses. These
lesions were assigned a 50% reduction
in size, which allowed necrotic and
nonnecrotic lesion results to be com-
bined for computing individual pa-

tient response rates. Because treatment
of individual lesions varied over time,
lesions were measured again before
each treatment for pretreatment eval-
uation. Seventeen new lesions devel-
oped during the follow-up period; 14
of these were measured, treated, and
evaluated for tumor response.

Survival was computed from the
date of diagnosis until death or May 1,
2005, whichever occurred first. Ad-
verse experiences were coded accord-
ing to the National Cancer Institute
Common Toxicity Criteria, version 2.0
(24). Adverse experiences were re-
corded from day of treatment through
death, alternative treatment, or 90
days after last treatment, whichever
came first. When an alternative ther-
apy was given after completion of
treatment with TheraSphere, no fur-
ther 90Y was administered.

90Y Risk Stratification

When the data were retrospectively
reviewed, patients were allocated to
one of three risk-stratification groups
based on previously published reports
(15). Segmentally treated patients (n �
10) had hypervascular focal nodules (n
� 7 of 10), low tumor burden (�25%
replacement), and vascular anatomy
facilitating delivery of high radiation
doses to tumor via a selective feeding
hepatic artery (group 0; Fig 1). The
remaining 33 patients were treated in
a lobar fashion in a single lobe for
unilobar disease (n � 12) or both lobes
for bilobar disease (n � 21). These pa-
tients were divided into low-risk and
high-risk groups (groups 1 and 2, re-
spectively) based on previously pub-
lished risk factors described herein
(15,20). Patients presenting with as-
cites, diffuse disease (which includes
infiltrating tumor type and disease
with nodules too numerous to count
on pretreatment imaging), greater
than 70% replacement of liver by tu-
mor, aspartate aminotransferase or
alanine aminotransferase levels
greater than five times the upper limit
of normal (0–40 U/L and 0–48 U/L,
respectively), or total serum bilirubin
level greater than 2 mg/dL (normal
range, 0–1.3 mg/dL) were classified in
the lobar high-risk group (group 2; Fig
2). Patients treated in a lobar fashion
without any of these criteria were clas-
sified in the lobar low-risk group
(group 1; Fig 3).

Figure 2. Example of a patient classified in group 2, high risk. Contrast material–enhanced
MR image demonstrates a large right-lobe HCC with more than 70% replacement, aspartate
aminotransferase and alanine aminotransferase levels greater than five times the normal limit,
and bilirubin level greater than 2.0 mg/dL. Note hepatic vein thrombus.
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Statistical Analysis

Kaplan-Meier and Cox regression
methods were used for analysis of sur-
vival data, with censoring at the date
of last follow-up for which the patient
was known to be alive (25,26). The
Kruskal-Wallis test was used for test-
ing of differences in distributions in
lesion characteristics (number of le-
sions, lesion distribution, and sum of
longest diameters) among risk groups
before treatment (27). Testing for pa-
tient-level tumor response among risk
groups is based on application of a
generalized linear model involving the
logit link function. Testing for lesion-
level tumor response among risk
groups is based on application of gen-
eralized estimating equations with use
of the logit link function to accommo-
date the correlation within a patient
across lesions (28–30). This model is
applied to evaluate the association of
tumor response with previous treat-
ment, number of measurable lesions,
tumor involvement, percent of liver
replaced by tumor, diffuse disease,
portal vein occlusion, and �-fetopro-

tein level. All analyses were carried
out with use of SAS software, version
8.2 (SAS, Cary, NC), and all reported P
values are two-sided, without adjust-
ment for multiple testing. Statistical
model assumptions were verified for
all reported results with use of stan-
dard methods. A least-squares model
was used to fit the data corresponding
to dose (D) and fraction (F) of liver
treated (Fig 4):

[D � �F � (1 – F)10,000exp(�F�)]

This model was empirically deter-
mined, and the solid exponential
curve is presented (Fig 4) to empha-
size the relation between these two
variables.

RESULTS

Patient Demographics

Tables 1 and 2 provide a descrip-
tion of the patient population. None of
the 43 patients treated with 90Y micro-
spheres were candidates for surgical
treatment or transplantation because

of one or more of the following factors:
advanced age, comorbid health condi-
tions, inadequate liver function, extra-
hepatic disease, portal vein thrombo-
sis, previous liver surgery, high tumor
burden, or tumor location not amena-
ble to surgery. Fourteen patients (33%)
had documented alcohol abuse, and
three patients (7%) and 13 patients
(30%) had a history of hepatitis B and
C infection, respectively. Fifteen pa-
tients (35%) had diabetes, seven pa-
tients (16%) had a history of gastroin-
testinal bleeding, 10 patients (23%)
had a history of thrombocytopenia,
and three patients (7%) had a history
of chronic renal insufficiency. Twenty-
six patients (60%) had portal hyperten-
sion, 20 patients (46%) had portal vein
thrombosis, and 13 patients (30%) had
limited extrahepatic disease. All pa-
tients in group 0 had less than 25% of
their liver replaced by tumor, whereas
groups 1 and 2 included two patients
(12%) and six patients (38%) with
more than 50% of their liver replaced
by tumor, respectively. All patients
with main portal vein thrombosis
were in group 2. Two patients (20%) in
group 0 and nine patients (56%) in
group 2 presented with at least mild
ascites as determined on pretreatment
imaging. For groups 0, 1, and 2, the
numbers of patients with ECOG per-
formance status of 0 were nine (90%),
11 (65%), and eight (50%). Child-Pugh
class A disease was seen in seven
(70%), 14 (82%), and six patients (38%),
respectively. Okuda score of I was
seen in seven (70%), 12 (71%), and two
patients (13%), respectively. The me-
dian time from diagnosis of HCC to
treatment was 2 months.

Treatments

All patients were treated on an out-
patient basis and were discharged 6
hours following the procedure. Table
3 provides a description of the applied
treatments. Of 10 patients who re-
ceived segmental treatment, five pa-
tients received one treatment, three re-
ceived two treatments, one received
three treatments, and one received five
treatments. One segmentally treated
patient received two treatments on the
same day to two separate segments.
The mean and median numbers of
treatments per patient were 1.7 and 2,
respectively. Two patients received
more than one treatment to the same

Figure 3. Example of a patient classified in group 1, low risk. Contrast material–
enhanced CT image demonstrates multifocal, bilobar HCC (normal bilirubin level, low
tumor burden).
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liver volume (ie, unique-volume). Half
the patients who received two treat-
ments had their second treatment ap-
proximately 1 month after the first
treatment. Three patients received
chemotherapy for extrahepatic disease
progression, including one patient
who received inhaled doxorubicin
therapy for lung metastases. Three pa-
tients were found to be in violation of
the lung shunt safety criterion at the
time of evaluation for a second treat-
ment and subsequently received em-
bolization as an alternative treatment.
Embolization or chemoembolization
was also used to control spontaneous
HCC tumor bleeding (n � 2) and to
control pain (n � 1) or intrahepatic
progression (n � 1). When an alterna-
tive therapy was given after comple-
tion of treatment with 90Y micro-
spheres, no further 90Y was
administered.

Figure 4 displays the radiation
doses (in Gy) and associated fraction
of liver treated for unique-volume and
volume-weighted average doses by
patient. The estimates of � are 141 Gy
for unique volumes and 138 Gy for the
volume-weighted averages, which
corresponds to whole-liver treatment
(fraction, 1). Of 30 unique-volume
treatments in which more than 50% of
the liver was exposed, eight patients
(27%) received radiation doses greater
than 150 Gy (151, 153, 155, 158, 158,
167, 182, and 305 Gy). Seven were sin-
gle treatments and one patient re-
ceived two treatments (135 Gy and 170

Gy) to the right lobe 6 months apart.
The patient in Figure 4a, representing
a fraction of 1, had a previous left lo-
bectomy and received a single treat-
ment via the right hepatic artery.
Twenty patients received treatment to
their whole liver (via left and right
hepatic arteries), which is indicated in
Figure 4b (fraction of 1). The median
radiation doses to exposed liver for
groups 0, 1, and 2 were 359 Gy, 141
Gy, and 142 Gy, respectively. The me-
dian cumulative lung dose was 9 Gy
per patient. There were no misadmin-
istrations. All patients received the
prescribed dose.

Assessment of Response

Imaging characteristics and tumor
response evaluations for measurable
lesions by group are provided in Ta-
ble 4. As expected, a decreasing per-
centage of unilobar measurable dis-
ease was observed for groups 0, 1, and
2, respectively. No association of tu-
mor response (on a lesion or patient
level) with group was observed, with
47% of patients and 51% of lesions
demonstrating greater than 50% re-
duction in tumor size. Imaging fol-
low-up time was longer for those pa-
tients who had greater than a 50% size
reduction (median, 196 days vs 69
days). When necrosis was incorpo-
rated into the tumor response evalua-
tion, 79% of lesions and patients were
classified as exhibiting a response to
treatment. The median time to partial

response (50% reduction) for the co-
hort was 82 days.

An analysis of the association of tu-
mor response with several variables
was performed. Of these variables,
only diffuse disease was negatively as-
sociated with tumor response, with
one of eight patients (13%) exhibiting
greater than a 50% decrease in tumor
size and three patients (38%) exhibit-
ing a response when necrosis was in-
corporated into the definition of re-
sponse. Six of the eight patients with
greater than 50% of their liver replaced
by tumor had diffuse disease. There
was no statistical association between
tumor response and percent tumor re-
placement after adjustment for diffuse
disease.

Figures 5–7 illustrate the effect of
90Y microsphere treatment and sup-
ports the use of necrosis as a surrogate
measure of tumor response. The pa-
tient illustrated presented with a hy-
pervascular focal tumor nodule (MR
imaging in arterial phase, 5.6 cm � 5.1
cm) in the caudate lobe, occupying ap-
proximately half the segment volume
(Fig 5). Infusion of 1.6 GBq radiation
was performed segmentally, resulting
in a computed dose of 306 Gy. Ten
weeks later (Fig 6), the tumor (5.1 cm
� 5.1 cm) demonstrated decreased
vascularity and marked necrosis. One
year after treatment (Fig 7), necrosis
and complete lack of enhancement
persist. In addition, there has been a
56% size reduction in cross-products

Figure 4. Plots of liver dose (in Gy) and corresponding fraction of liver treated: (a) unique-volume treatments (n � 70) and (b)
volume-weighted treatments (n � 43). Estimated solid exponential line is obtained by fitting the equation D � �F � (1 –
F)10,000exp(�FY), where D represents dose (in Gy); F represents fraction of liver treated; and �, �, and � are estimated parameters.
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(3.4 cm � 3.7 cm) versus before treat-
ment.

Adverse Events

Treatment-related laboratory ad-
verse events of grade 3 or worse were
compiled (Table 5). Twenty-two of the
23 patients with follow-up lympho-
cyte counts (96%) had a reduction
graded as mild to moderate (n � 14) or
severe (n � 8). This phenomenon is
characteristic of the sensitivity of lym-
phocytes to radiation and the half-life

of the 90Y microspheres. There were
six grade 3 bilirubin-related toxicities,
five of which were in high-risk group
2, ie, in patients with large tumor bur-
den, portal vein invasion, infiltrative
disease, and increased liver function
test results at baseline. Three of the
patients had pretreatment bilirubin
levels greater than 2.0 mg/dL (2.5
mg/dL, 2.8 mg/dL, and 3.2 mg/dL);
one patient had pretreatment ascites
with left, right, and main portal vein
occlusion; and one patient had pre-
treatment ascites with hepatofugal
flow. Three of 16 patients in the high-
risk group developed grade 3 ascites.
Two of these patients had mild pre-
treatment ascites, and one patient had
an increased bilirubin level before
treatment (2.5 mg/dL), greater than
75% liver replacement by tumor, main
portal vein occlusion, and hepatofugal
flow. The development of ascites in
these patients coincided with disease
progression.

Survival

Survival results for this cohort us-
ing several different classifications are
provided in Table 6. Median survival
for Okuda stage I and II patients was
24.4 and 12.5 months respectively.
Child-Pugh A and B/C patients exhib-
ited a median survival of 20.5 and 13.8
months. When patient risk stratifica-
tion for 90Y TheraSphere was used,
median survival was 46.5, 16.9, and
11.1 month for groups 0, 1 and 2 re-
spectively. Median survival in all non
high-risk patients (groups 0/1) was
20.8 months. Survival stratified by tu-
mor burden is also listed (1: 0–25%, 2:
26%–50%, 3: 51%–75%, 4: �75%). Fac-
tors associated with lower survival in-
cluded high-risk designation (group
2), presence of ascites, ECOG perfor-
mance status � 0, presence of extrahe-
patic disease, � 25% tumor burden,
infiltrative disease, main portal vein
thrombosis and �-fetoprotein � 400
ng/mL.

DISCUSSION

Systemic therapy, including chemo-
therapy, hormonal therapy, and im-
munotherapy, is ineffective in treating
unresectable HCC. Randomized con-
trolled trials have failed to demon-
strate consistent survival benefit with
the use of these therapies, and it is

Table 1
Overall Population Description

Demographics and previous
treatments N (%)

Age (y)
� 69 21 (49)
� 69 22 (51)

Ethnic group
White 34 (79)
Black 4 (9)
Hispanic 1 (2)
Asian 2 (5)
Other 2 (5)

Sex
Male 28 (65)
Female 15 (35)

Failed previous treatments
None 30 (70)
Systemic 6 (14)
Regional 5 (12)
Systemic and regional 2 (5)

Prior HCC surgery
None 39 (90)
Resection 2 (5)
Lobectomy 2 (5)
Tumor characteristics

Lesion distribution (measurable)
Unilobar 23 (53)
Bilobar 11 (26)
Spanning* 9 (21)

Measurable lesions
1 21 (49)
2 8 (19)
3 9 (21)
4 2 (5)
5 3 (7)

Replacement by tumor (%)
0–25 29 (67)
26–50 6 (14)
51–75 7 (16)
�75 1 (2)

Morphology
Uninodular and �50% 17 (39)
Multinodular and �50% 18 (42)
Massive or �50% 8 (19)

Portal vein thrombosis
None 23 (54)
Unilobar 16 (37)
Main 4 (9)

�-Fetoprotein level (ng/mL)†
�400 33 (79)
�400 9 (21)
Liver function

Ascites
No 32 (74)
Yes 11 (26)

Bilirubin (total)
�ULN 30 (70)
�ULN 13 (30)

Albumin
�LLN 16 (37)
�LLN 27 (63)

Aspartate aminotransferase level†
�ULN 10 (24)
�ULN 31 (76)

Table 1
Continued

Demographics and previous
treatments N (%)

Alanine aminotransferase level†
�ULN 20 (49)
� ULN 21 (51)

Portal hypertension
No 17 (40)
Yes 26 (60)

Portosystemic shunt
No 32 (74)
Yes 11 (26)

Hepatofugal flow
No 23 (54)
Yes 20 (46)
Staging

ECOG performance status
0 28 (65)
1 13 (30)
2 2 (5)

Extrahepatic disease‡
No 30 (70)
Yes 13 (30)

Lymph nodes
None 15 (35)
� 2 cm 23 (53)
� 2 cm 5 (12)

Child-Pugh class
A 27 (63)
B 15 (35)
C 1 (2)

Okuda score
I 21 (49)
II 22 (51)

90-Day risk (15)
Low 30 (70)
High 13 (30)

Note.—LLN � lower limit of normal;
ULN � upper limit of normal.
* At least one mass involved both
lobes.
† One unknown �-fetoprotein level;
two unknown aspartate and alanine
aminotransferase levels.
‡ Lymph nodes � 2 cm were not
classified as extrahepatic disease
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generally accepted that only 20% of
patients undergoing single-agent or
combination systemic therapy will
have an objective tumor response on
imaging studies (31,32). These thera-
pies also can be clinically challenging
to administer safely in this population
as a result of the narrow therapeutic
window and failing liver reserve (33).
In contrast to those with other forms of
cancer, patients diagnosed with HCC
generally die of liver failure rather
than as a result of advancing meta-
static disease. The lack of an effective
systemic therapy, combined with the
certainty of progressive liver failure in
unresectable HCC, has led to a variety
of liver-directed treatments to reduce
tumor burden. Such treatments pro-
vide palliation, improve the prospects
for resection, prolong liver function to
increase the likelihood of transplanta-
tion, and/or provide the potential for
increased survival through treatment-
directed tumoricidal effects.

Choosing an appropriate liver-di-
rected treatment and individualizing
therapy is a complex task that includes
consideration of the patient’s present-
ing tumor burden, liver function, and
vascular anatomy; the patient’s overall
health status and preferences; and the
treating physician’s expertise and skill
with the available treatments (17).
Given that liver-directed treatments

are applied repeatedly, consideration
of the appropriate liver-directed treat-
ment is an ongoing process that
evolves over time for each patient. Be-
cause of advancing liver failure and its
sequelae, supportive-care interven-
tions to palliate and prolong overall
patient health are critically important
with the use of any liver-directed
treatment for unresectable HCC.

The results reported here represent
those obtained with 90Y microspheres
in a heterogeneous group of patients
with unresectable HCC in a single in-
stitution. The treatments were tailored
to the presenting clinical scenario, as
characterized by type of treatment
(segmental vs lobar), prescribed dose,
number and interval of repeat treat-
ments, and the use of alternative treat-
ments when appropriate. Based on
this careful approach to treatment and
adherence to accepted warnings and
contraindications for 90Y microsphere
treatment, no gastrointestinal or pul-
monary adverse events were ob-
served, including gastric ulcer and ra-
diation pneumonitis, as previously
reported with 90Y microsphere treat-
ment (14,17). In addition, treatment-
related hepatic adverse events graded
as severe were associated with pre-
treatment conditions predictive of in-
creased risk. Although 22 of 23 pa-
tients with follow-up lymphocyte data

exhibited lymphopenia, there were no
clinical manifestations indicating in-
creased risk of infection or reactivation
of latent viral infection.

Patients were retrospectively as-
signed to one of three risk-stratifica-
tion groups (groups 0, 1, and 2). Those
who were able to undergo segmental
treatment (group 0) had less-advanced
disease, and, from the time of their
first treatment, exhibited longer sur-
vival without severe treatment-related
adverse events. This group is the ben-
eficiary of screening tests, as their in-
creased survival likely represents an

Table 2
Population Description by Group

Group (N %)

0 1 2 Total

ECOG performance status
0 9 (90) 11 (65) 8 (50) 28 (65)
1 1 (10) 5 (29) 7 (44) 13 (30)
2 – 1 (6) 1 (6) 2 (5)

Okuda score
I 7 (70) 12 (71) 2 (13) 21 (49)
II 3 (30) 5 (29) 14 (87) 22 (51)

Child-Pugh class
A 7 (70) 14 (82) 6 (38) 27 (63)
B 3 (30) 3 (18) 9 (56) 15 (35)
C – – 1 (6) 1 (2)

90-Day risk stratification
Low 8 (80) 17 (100) 5 (31) 30 (70)
High 2 (20) – 11 (69) 13 (30)

Extrahepatic disease
No 8 (80) 11 (65) 11 (69) 30 (70)
Yes 2 (20) 6 (35) 5 (31) 13 (30)

Note.—Values in parentheses are percentages.

Table 3
Treatment Description

Treatment Characteristics
No. of

Patients

Number of treatments
per patient

1 17 (40)
2 23 (53)
3 2 (5)
4 0 (0)
5 1 (2)

Type of Treatment
Segmental 10 (23)
Regional 33 (77)

Time between treatments
First to second (n � 26)

Median 34
Minimum 0*
Maximum 203

Second to third (n � 3)
Median 204
Minimum 14
Maximum 224

Lung dose (Gy) per patient
(n � 43)

Median 9
Minimum 0.3
Maximum 29

Alternative Treatments
None 32 (74)
(Chemo)embolization 8 (19)†
Systemic chemotherapy 2 (5)‡
Regional chemotherapy 1 (2)‡

Note.—Values in parentheses are
percentages.
* One patient received two segmental
treatments on the same day
† Bland or chemoembolization was
used to control tumor bleeding (n � 2),
control pain (n � 1), control
progression (n � 1).
‡ Three patients received
chemotherapy for extrahepatic disease
progression, including one who
received inhaled doxorubicin for lung
metastases.
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element of early detection bias. Pa-
tients who required lobar treatment
have more advanced disease. These
patients were assigned to low (group
1) and high (group 2) mortality and
adverse experience risk groups based
on tumor and liver function character-
istics. The survival results are clearly
different among the three groups,
which are uniquely defined herein.
However, this experience can be
placed in perspective by comparing
the results versus literature-derived
survival estimates reported for trans-
catheter arterial chemoembolization
(TACE) with Okuda staging for risk
stratification.

For patients with unresectable
HCC, survival benefit attributed to
TACE treatment has been controver-
sial; however, two recent randomized
controlled trials have provided evi-
dence of a survival advantage for
TACE versus supportive care in se-
lected patients (34,35). Two additional
informative randomized controlled
trials, one evaluating TACE versus
supportive care and the other evaluat-
ing TACE versus radioactive iodine I
131 therapy, have also been reported
(36,37). These four trials were con-
ducted on patients with various un-
derlying etiologies, predominately
hepatitis B and C and alcohol abuse.
As described by Geschwind et al (17),
the majority of the patients treated in
these randomized controlled trials
were classified as having Okuda stage
I disease, and this allows comparisons
with similarly stratified results for pa-
tients treated with 90Y microspheres.
Based on the results reported in these
randomized controlled trials, the esti-
mated 1-year survival rate for patients
with Okuda stage I disease treated
with TACE ranges from 56% to 62%.
Geschwind et al (17) reported a me-
dian survival rate in 54 patients with
Okuda stage I disease who underwent
first-line 90Y microsphere treatment of
20.9 months, or a 1-year survival esti-
mate of 63%. In these patients, 90Y mi-
crosphere treatment appeared to yield
similar survival duration as that ob-
tained with use of TACE, which has
been shown to improve survival in
randomized controlled trials. The esti-
mated 1-year survival rate for patients
with Okuda stage II disease was 51%
and the median survival time was 12.8
months. In our sample, patients with
Okuda stage I disease (n � 21) had an

Table 4
Imaging Characteristics and Tumor Response for Measurable Lesions by Group

Group

Characteristic 0 1 2 Total P Value*

Number of lesions (n � 43) .98
1 5 (50) 8 (47) 8 (50) 21 (49)
2–3 4 (40) 7 (41) 6 (38) 17 (40)
4–5 1 (10) 2 (12) 2 (12) 5 (11)

Lesion distribution (n � 43) .04
Unilobar 7 (70) 10 (59) 6 (38) 23 (53)
Bilobar† 3 (30) 7 (41) 10 (62) 20 (47)

Lesion longest diameter (n � 43)
Median 6.1 6.2 5.9 6.1 .76
Minimum 1.3 1.4 1.1 1.1
Maximum 8.7 17.5 17.7 17.7

Sum of longest diameters (n � 43) .51
Median 7.8 7.1 10.0 8.2
Minimum 3.6 1.4 2.0 1.4
Maximum 13.0 19.9 24.4 24.4

Patient response (n � 43)
�50% decrease 4 (40) 10 (59) 6 (38) 20 (47) .42
�50% decrease/necrosis 9 (90) 14 (82) 11 (69) 34 (79) .39

Lesion response (n � 87)
�50% decrease 11 (55) 19 (56) 14 (42) 44 (51) .54
�50% decrease/necrosis 18 (90) 28 (82) 23 (70) 69 (79) .18

Note.—Values in parentheses are percentages.
* Number of lesions, lesion distribution (bilobar and spanning combined), lesion
longest diameter, and sum of longest diameters are based on Kruskal-Wallis test;
patient level response is based on generalized linear model using logit link; and
lesion level response is based on a generalized estimating equation implementation
of the patient level generalized linear model for multiple lesion response
measurements within patients.
† Includes tumors spanning both lobes.

Figure 5. Contrast material–enhanced MR image demonstrates a 5.6-cm � 5.1-cm mass
in caudate lobe.
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estimated 1-year survival rate of 80.9%
and a median survival time of 24.4
months. This is similar to previous re-
ports of 82% 1-year survival rates in
patients treated with TACE (38). Our
results demonstrated a 12.5-month
median survival time and estimated
1-year survival probability of 54.5%
for patients with Okuda II disease (n �
22). These results compare favorably
with the results in patients with
Okuda stage II disease reported by
Raoul et al (37), who reported 1-year
estimated survival rates of 21% and
15% for 131I treatment (n � 30) and
TACE (n � 27), respectively. Previous
investigators of 90Y therapy reported
median survival times in patients with
Okuda I and II disease of 21.6 months
and 10.1 months, respectively (39).

The apparent survival benefit is
supported by the 90Y microspheres’ ef-
fect on tumor, as measured by the in-
dividual lesion and patient level tu-
mor response data. Of the 87 lesions
treated, 44 (51%) had greater than a
50% reduction in size. Incorporating
necrosis into the definition, as sug-
gested by European Association of the
Study of the Liver, provided an in-
crease of 28% in response rate, yield-
ing 69 lesions (79%) that responded to
treatment. Twenty patients (47%) were
classified as having a tumor response
by exhibiting a greater than 50% re-
duction in the sum of cross-products.

This is similar to previously reported
response rates of 38% with this treat-
ment technique (39). Patients treated
with TACE or bland embolization
have exhibited a 39% response rate
(34,35).

The incidence of response in this
study was increased to 34 patients
(79%) when including tumor necrosis.
These results appear to be slightly bet-
ter than those reported for TACE by
Eibed and colleagues (38) with use of
related methodology to determine tu-
mor response in individual lesions
and tumor response at the patient
level. The authors reported on 186 le-
sions in 72 patients, with 75 lesions
(40%) exhibiting greater than a 25%
reduction in size and 52 lesions (28%)
exhibiting at least a 50% increase in
tumor necrosis. Applying size reduc-
tion, increase in necrosis, and the fail-
ure to develop new lesions, the au-
thors reported 38 patients who
showed a response (53%). These au-
thors used a more liberal definition of
size reduction (25% vs 50%) and a sim-
ilar definition of necrosis response.

Tumor necrosis is widely accepted
as a valid measure of objective tumor
response and “cytoreduction” with
the use of liver-directed treatment in
HCC (2,8,11,22,40,41). Clearly, necro-
sis reflects a reduction in viable tumor
tissue and has been promoted as re-
ducing intrahepatic tumor progression

(42). In addition, tumor shrinkage in
the cirrhotic liver may not be ob-
served, or a prolonged follow-up time
may be required to demonstrate size
reduction (2,38). Unfortunately, for
many cases of unresectable HCC,
“prolonged follow-up time” is an oxy-
moron. The results reported herein are
commensurate with this biologic treat-
ment phenomenon, whereby patients
who exhibit at least a 50% size reduc-
tion were followed (via imaging) for a
median of 196 days, compared with a
median follow-up time of only 69 days
for patients who did not satisfy this
criterion. Mistakenly, many authors
use the biased reverse-logical con-
struct to support their survival find-
ings; that is, that patients who exhibit
unadjusted tumor response have
longer survival (43).

The effect of radiation dose on sur-
vival and tumor response is con-
founded by the method of treatment.
Patients with smaller fractions of liver
treated, on a single occasion or on
multiple occasions, received higher ra-
diation doses but only to the fraction
of liver treated. Figure 4 provides a
vehicle for comparing the manner in
which patients were treated. The ac-
tual dose to tumor and liver paren-
chyma are not presented. For example,
the patient represented in Figures 5–7
received a dose of 306 Gy, assuming
uniform distribution of the 90Y micro-

Figure 6. The patient received 1.6 GBq (306 Gy) radiation to the
tumor. Ten-week follow-up contrast material–enhanced MR image
demonstrates little tumor shrinkage (5.1 cm � 5.1 cm) but significant
necrosis.

Figure 7. One-year follow-up contrast material–enhanced MR
image demonstrates significant tumor shrinkage (56%) and persis-
tent decreased vascularity and necrosis.
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spheres throughout the liver volume
(ie, fraction) for which dose is com-
puted. However, for this patient, it is
estimated that half the caudate seg-
ment was occupied by tumor, which
exhibited a 5:1 ratio in terms of blood
flow to tumor compared with the sur-
rounding liver parenchyma. Typically,
tumor-to-normal blood flow ratios are
in the range of 7:2 (44,45). In light of

these data, a more accurate estimate of
the tumor dose is 588 Gy, with an
average dose over the entire liver pa-
renchyma of 18 Gy (11). These calcu-
lations, and the fact that 90Y micro-
spheres represent discrete point
sources of radiation with a distinct bi-
ologic effective dose (compared with
external-beam radiation), exemplify
the tumor-targeting and liver-sparing
potential for treatment with 90Y micro-
spheres. This potentially explains the
observed high level of patient toler-
ance, absence of life-threatening ad-
verse effects of treatment in select pa-
tients, increased therapeutic effect
when combining tumor size reduction
and necrosis in estimating tumor re-
sponse, and encouraging survival re-
sults (1–12).

Diffuse disease was found to be
highly negatively associated with sur-
vival and tumor response. Eight pa-
tients (19%) were classified as having
diffuse disease, five (12%) with infil-
trating-type disease and three (7%)
with widely distributed multifocal dis-
ease. Only one of these patients had a
greater than 50% reduction in tumor

size. This lack of response may be re-
lated to limitations of the duration of
follow-up imaging, the evaluation
methodology, treatment, liver biology,
or a combination of these factors. Pa-
tients with diffuse disease often have
vascular invasion of the portal system
and are known to be at higher risk of
early mortality and adverse events
that are potentially related to treat-
ment (15,46,47). Treating these pa-
tients requires careful consideration of
the risk versus the benefit of any liver-
directed treatment.

Patients classified at high-risk (ie,
group 2) before receiving treatment
with 90Y microspheres deserve special
mention. These patients presented
with advanced infiltrative or multi-
nodular disease with high tumor bur-
den and compromised liver reserve.
Although they were recognized as be-
ing at high risk before they received
therapy, all patients elected to proceed
with treatment as a palliative measure.
Despite adequate tumor response (ie,
stability of disease) after treatment,
these patients accounted for the major-
ity of the severe grade 3 bilirubin in-

Table 5
Grade 3/4 Adverse Events Occurring
within 90 days after Last Treatment

Adverse Event
No. of

Patients

Lymphopenia* 22 (96)
Group 0 10 (100)
Group 1 7 (88)
Group 2 5 (100)

Increased alkaline
phosphatase level 0

Group 0 0
Group 1 0
Group 2 0

Fatigue 1 (2)
Group 0 0
Group 1 1 (6)
Group 2 0

Increased total serum
bilirubin level 6 (14)

Group 0 0
Group 1 1 (6)
Group 2 5 (31)

Ascites, nonmalignant 3 (7)
Group 0 0
Group 1 0
Group 2 3 (19)

Aminotransferase levels† 2 (5)
Group 0 0
Group 1 2 (12)
Group 2 0

Chills/rigor 0
Group 0 0
Group 1 0
Group 2 0

Fever, without infection 0
Group 0 0
Group 1 0
Group 2 0

Pain, abdominal 0
Group 0 0
Group 1 0
Group 2 0

Note.—Values in parentheses are
percentages.
* Based on 23 patients with
posttreatment measurements, all
adverse events for lymphopenia
(grades 1–4).
† Increased aspartate aminotransferase
or alanine aminotransferase levels.

Table 6
Survival Statistics

Parameter N

Mean
Survival
(days)

Median
Survival

(d)

95% Confidence
Limits
(days) P Value†

Child-Pugh
A 27 681 615 417–777 0.0061
B/C 16 409 414 286–516

ECOG performance status
0 26 720 619 516–777 �.0001
1/2 17 366 360 257–451

Group
0 10 1062 1394 615‡ �.0001
1 17 535 507 380–731
2 16 349 332 257–451

Risk group*
0/1 (non–high-risk) 27 714 623 507–777 �.0001
2 (high- risk) 16 349 332 257–451

Okuda stage
I 21 774 731 534–853 �.0001
II 22 394 374 286–507

Tumor burden (%)
0–25 28 678 559 496–777 .0028
26–50 7 499 462 367–731
51–75 4 321 323 257–383
�75 4 307 289 73–577

* Group 0 and 1 combined. P value compares group 0/1 (non–high-risk) versus 2
(high-risk).
† Log-rank test.
‡ Upper limit not reached.
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creases after treatment. Although
these toxicities were determined to be
secondary to tumor progression and
advancing end-stage liver disease,
they are reported herein given their
temporal relationship to treatment
(�90 days).

There are limitations to this analy-
sis. The lack of randomization to an-
other treatment such as TACE makes
any survival benefit difficult to con-
firm. Also, this type of prospectively
acquired data makes the retrospective
categorization of patients necessary to
analyze patient groups. Although
other centers active in this type of ther-
apy have also published their results
(17,39), this experience from a single
center also requires further indepen-
dent validation. Also, these data are
clearly confounded by multiple vari-
ables, such as portal vein thrombosis,
infiltrative disease, presence of limited
extrahepatic disease, survival from
time of diagnosis, and alternative
treatments. In addition, only 37% of
patients in this cohort had hepatitis B
and/or C, whereas more than 80% had
hepatitis B and/or C in previous re-
ports of TACE treatment for HCC
(34,35), making comparison between
these cohorts difficult. Future work
with this technology will require fur-
ther refinement in patient selection
and standardization before treatment.

However, there are advantages to
this type of analysis. This was a pro-
spective study in which all patients
were enrolled without significant en-
try criteria bias, such as age, bilirubin
level, and presence or absence of sig-
nificant extrahepatic metastases or
portal vein thrombosis. These entry
criteria make this cohort reflect the ac-
tual overall population with HCC. Un-
like other studies in which patient en-
try criteria were strict, all patients
were treated with this therapy with
palliative intent and the cohort was
observed longitudinally. Grouping pa-
tients then permitted analysis and
stratification based on these groups.
This is no different than Okuda’s orig-
inal classification or the multitude of
various other classifications (eg, Can-
cer of the Italian Liver Program, Child-
Pugh, Japan Integrated Staging, Barce-
lona Clinic Liver Cancer), in which
patient parameters were reviewed ret-
rospectively and a prognostic index
was created, intended for prospective
use. It is clear that this type of retro-

spective analysis and methodology
has played an instrumental role in the
creation of prognostic indexes that are
used prospectively, such as the afore-
mentioned Child-Pugh, Cancer of the
Italian Liver Program, Japan Inte-
grated Staging, and Barcelona Clinic
Liver Cancer indexes. Although this is
a small series in which 43 patients
were prospectively treated and 3 prog-
nostic groups were created (segmen-
tal, lobar low-risk, lobar high-risk), it
is a valuable addition to the refine-
ment of patient selection criteria for
patients undergoing 90Y microsphere
treatment. Finally, these types of data
and analyses further reinforce the no-
tion that 90Y microspheres represent a
promising therapeutic agent that must
be included in the transarterial treat-
ment armamentarium. Studies com-
paring 90Y microsphere treatment ver-
sus other liver-directed therapies (eg,
TACE, bland embolization, radiofre-
quency ablation, percutaneous ethanol
injection, drug-eluting beads, phos-
phorous P 32 microparticles) in se-
lected patients require serious consid-
eration.

CONCLUSIONS

Similar to other liver-directed ther-
apies such as TACE or radiofrequency
ablation, 90Y microsphere treatment in
properly selected patients can be per-
formed safely, provides clear evidence
of reduced tumor viability, and dem-
onstrates encouraging survival results.
Randomized controlled trials should
be undertaken to compare survival
with 90Y microspheres versus that
with other forms of liver-directed
treatment, and, when possible, with
supportive care alone. These trials
would provide quantification of sur-
vival benefit versus treatment risk on a
larger group of patients with unresect-
able HCC and further refine the appli-
cation of this technology to individual
patients. In addition, as we approach
the asymptote of the survival benefit
curve being achieved by 90Y and other
liver-directed therapies for HCC, vari-
ables other than survival will need to
be used to measure the clinical and
economic benefit of a particular ther-
apy. These might include objective
and validated measures such as
quality of life, incidence of postembo-
lization syndrome, pain, days of hos-
pitalization, time to progression, pro-

gression-free survival, objective tumor
response, and cost.
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