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Retrospective Review of Tumor Response to
Glass and Resin Y-90 Microsphere Treatments
in Patients with Hepatocellular Carcinoma

Abstract

Introduction: To compare tumor response, time-to-progression (TTP), and
progression-free survival (PFS) between glass and resin yttrium-90 (Y-90)
treatment of hepatocellular carcinoma (HCC) in patients with and without portal
vein invasion (PVI).

Methods: Retrospective analysis was conducted on HCC patients who received
Y-90 treatments from 2008-2014. Three readers evaluated response using
mRECIST criteria. TTP was calculated as days from diagnosis to progression, while
PFS was calculated as days from first treatment to progression. Progression was
defined as 2 20% increase in baseline enhancing tissue or presence of new lesions.
Fisher’s Exact Test was used to calculate association of treatment with response,
while Kaplan-Meier curves, log-rank tests, and hazard ratios (HRs) were used to
calculate TTP and PFS.

Results: Forty-eight patients received 78 treatments — 58.3% (n=28) received glass
and 41.7% (n=20) received resin. There was no significant difference in tumor
response by treatment group or PVI. Overall, 67.9% of glass and 80.0% of resin
patients demonstrated disease control (any response except progressive disease)
within one year of first Y-90 treatment (OR=1.9, 95% CI=0.5-8.1). Moreover,
62.5% of glass and 91.7% of resin patients with PVI (OR=6.6, 95% CI=0.9-136.3)
and 75.0% of glass and 62.5% of resin patients without PVI (OR=0.6, 95% CI=0.1-
4.0) demonstrated disease control. Mean TTP was 319.4 days (SE=16.8) and 180.9
days (SE=3.0) for glass and resin patients, respectively (HR=0.89, 95% CI=0.21-
3.72, p=0.87). Mean PFS was 135.5 days (SD=12.0) and 173.0 days (SD=7.5) for
glass and resin patients, respectively (HR=0.52, 95% CI=0.16-1.68, p=0.27).

Conclusions: This study suggests similar one-year response, TTP, and PFS for HCC
patients with and without PVI receiving glass and resin Y-90 treatments.
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Introduction

Hepatocellular carcinoma (HCC), an aggressive liver tumor,
usually occurs in the setting of cirrhosis, which is commonly
the result of viral hepatitis, alcohol abuse, or non-alcoholic
steatohepatitis (NASH). Surgical resection, ablative techniques,
and liver transplantation may definitively cure HCC [1-3].
However, in patients for whom these treatments are not options,
transarterial radioembolization utilizing yttrium-90 (Y-90) is
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an established therapy that can delay progression of HCC [4].
Additionally, radioembolization may be used to stabilize disease
in patients awaiting transplant, or reduce overall disease burden for
patients who are currently ineligible for liver transplantation [5,6].

Radioembolization dually treats liver tumors by delivering a
cytotoxic dose of radiation and restricting arterial blood supply
with embolization. Currently, there are two Y-90 delivery
methods, via glass and resin beads, that are widely available in
the United States for use in catheter-directed radioembolization
therapy. Glass beads (20-30 micron) are smaller in size than
resin beads (20-60 micron), but deliver a much larger activity per
bead (2,500 Bq vs 50 Bq, respectively), while resin beads tend to
produce greater degrees of embolization [7].

Debate on the relative importance of the radiation effect versus
the embolic effect continues in the interventional oncology
community, as limited head-to-head comparisons of the two
methods have demonstrated conflicting tumor control rates in
HCC patients [8,9]. Prior research examining tumor response for
these two treatment types in patients with portal vein invasion
(PVI), has shown the superiority of glass beads when PVI is
present [8]. Because resin Y-90 treatments contain more spheres
per dose, they have the capacity to generate a greater embolic
effect, resulting in ischemia that may lead to diminished hepatic
function [8].

Although glass and resin Y-90 therapies have independently been
associated with improved patient outcomes, direct comparison
of the two delivery methods has not clearly established the
superiority of either method in HCC patients with portal vein
thrombosis [9,10]. Therefore, this study was designed to directly
compare tumor response, TTP, and PFS outcomes in HCC patients
who received Y-90 therapy. Secondary investigation by PVI status
was also performed to further evaluate previous findings.

Materials and Methods

A single center, retrospective analysis was conducted on all
patients with hepatocellular carcinoma (HCC) who received
either glass (known as TheraSphere® manufactured by BTG
Biocompatibles Ltd, Farnham, United Kingdom) or resin (known
as SIR-Spheres® manufactured by Sirtex Medical, Sydney,
Australia) Y-90 radioembolization treatment of liver tumors at our
institution between January 1, 2008 and June 30, 2014. Patients
were required to have contrast-enhanced cross-sectional (CT
or MRI) baseline imaging, and one or more contrast-enhanced
follow-up imaging studies available to measure tumor response to
treatment. Eleven patients were excluded for missing treatment
or imaging data and three for receiving combination transarterial
chemoembolization (TACE) treatment. Approval was obtained
from the institutional review board (IRB) to review patient
medical records. Patient demographic, clinical, treatment, and
imaging data were gathered from electronic medical records and
the Picture Archiving and Communication System (PACS). Study
data was collected and managed using REDCap electronic data
capture tools [11].

As part of the clinical administration of Y-90 microspheres at
our institution, all patients underwent hepatic angiograms
approximately four weeks prior to treatment to map the
hepatic arterial system, identify anatomic variants, determine
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tumoral blood supply, and embolize vessels that could allow
microspheres to enter the gastrointestinal tract. To assess safety
of the upcoming Y-90 procedure, macroaggregated albumin
(MAA) was delivered via the hepatic artery, followed by the
use of single-photon emission computed tomography (SPECT)
gamma imaging to detect shunting of particles through large
intra-tumoral arteriovenous shunts into the gastrointestinal or
pulmonary systems [12]. Once the procedure was deemed safe,
patients returned within approximately four weeks for catheter-
directed angiographic treatment with either glass or resin Y-90
microspheres. Glass treatments are based on the partition model
with a goal dose of 120 GY to the liver and calculated using the
standard treatment window illustrator (BTG Biocompatibles
Ltd). Resin treatments are based on the body surface area
(BSA) method and calculated using the SMAC (SIR-Spheres
Microspheres Activity Calculator, Sirtex Medical). Both dosing
calculations account for patient lung shunt fraction. Following
treatment, patients underwent follow-up CT or MR imaging at
approximately one and six months to monitor tumor response.

Tumor response, time-to-progression (TTP), and progression-
free survival (PFS) outcomes were compared between glass
and resin Y-90 treatment groups and by PVI status. Participants
were grouped based on the type of Y-90 treatment they received
for their first treatment. Patients with any amount of PVI were
classified as having PVI by the interventional radiologist.

Tumor response to treatment was evaluated by visual estimation
using all available contrast-enhanced cross-sectional studies until
death or loss to follow-up using the modified Response Evaluation
Criteria in Solid Tumors (mRECIST) criteria [13]. Tumor response
was evaluated on each available follow-up imaging study by three
trained independent readers who had completed diagnostic
radiology residencies — two interventional radiology fellows
and one body imaging fellow. Tumor response was classified as
“complete response” (CR; 100% decrease in enhancing tissue
from baseline imaging), “partial response” (PR; > 30% decrease
in enhancing tissue from baseline), “stable disease” (SD; <30%
decrease in enhancing tissue or 1-19% increase in enhancing
tissue from baseline), or “progressive disease” (PD; 20% or more
increase in enhancing tissue or presence of new lesions from
baseline) [13]. Agreement between at least two readers was
required for a definitive response conclusion. In cases where all
three readers disagreed, they met to discuss the case until a final
consensus was reached.

TTP was measured from the date of diagnosis to the date of
the first imaging study indicating tumor progression. PFS was
measured from the date of first treatment to the date of the
first imaging study indicating tumor progression. The reference
date used in TTP calculations was date of diagnosis, while date
of death was used in PFS calculations. Patients without observed
progression were censored at the following time points: 1) 365
days after reference date if no observed progression, 2) date of
death if occurred within 365 days, and 3) date of last contact if
no observed progression within 365 days. Glass treatments were
used nearly three years before resin treatments at our institution.
Thus, patients were censored at 365 days after first treatment
date to minimize potential confounding of longer observation
periods in a retrospective analysis (e.g., patients who received
treatments at the beginning of the study period were potentially
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observed for a longer period of time, which may provide more
opportunities to observed progression events). Patients who
died were censored at date of death because of a lack of direct
evidence that death was related to progression of their HCC.

Patient and treatment characteristics were summarized using
basic descriptive statistics and compared using Wilcoxon Rank
Sum, Wilcoxon-Mann-Whitney, and t-tests for continuous
variables and Fisher’s Exact and chi-square tests for categorical
variables. Tumor response was assessed using logistic regression
and odds ratios (ORs), while TTP and PFS were assessed using
Kaplan-Meier curves, log-rank tests, and hazard ratios (HRs) [14].
Statistical analysis was performed using SAS software version
9.4 (SAS Institute Inc., Cary, NC) and statistical significance was
determined using p-values <0.05.

Results
Forty-eight patients were included in this study. The majority

Table 1 Participant characteristics by Y-90 treatment type.
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were white (75.0%), non-Hispanic (97.9%), and male (81.3%),
with a median age at their first Y-90 treatment of 60 years (range
=51-82; Table 1). The most common liver disease diagnoses were
cirrhosis (72.9%), hepatitis C (41.7%), and alcoholic liver disease
(29.2%). At the first Y-90 treatment, half of all patients had 25-50%
of their liver invaded by tumor, and 58.3% exhibited PVI. Prior to
the first Y-90 treatment, 37.5% of patients had not received any
other therapy, whereas one-third had received Sorafenib and
one-third received TACE treatments. Characteristics between
patients in both treatment groups were statistically comparable,
although median alpha-fetoprotein (AFP, p=0.18), aspartate
aminotransferase (AST, p=0.02), and total bilirubin (p=0.05)
levels exhibiting meaningful clinical differences.

Forty-eight patients received a total of 78 Y-90 treatments (Table
2). The majority of patients (58.3%, n=28) received treatment with
glass microspheres, while the remaining 41.7% (n=20) received
treatment with resin microspheres. When using manufacturers’

Characteristic All (n=48) Glass Treatment (n=28) Resin Treatment (n=20) m

Median Age at First Treatment, years (range) 60 (51-82) 61 (51-79) 59 (51-82) 0.65

Gender, n (%) 0.46

Female 9(18.8) 4(14.3) 5(25.0)

Male 39 (81.3) 24 (85.7) 15 (75.0)

Ethnicity, n (%) 0.42

Non-Hispanic/Latino 47 (97.9) 28 (100) 19 (95)

Hispanic/Latino 1(2.1) - 1(5.0)

Race, n (%) 0.1

White 36 (75.0) 23 (82.1) 13 (65.5)

Black 9(18.8) 5(17.9) 4(20.0)

Other 3(6.3) - 3 (15.0)

Liver Disease*, n (%)

None 8 (16.7) 4 (14.3) 4 (20.0) 0.7

Cirrhosis 35 (72.9) 22 (78.6) 13 (65.5) 0.34

Hepatitis C 20 (41.7) 10 (35.7) 10 (50.0) 0.38

Alcoholic Liver Disease 14 (29.2) 10 (35.7) 4 (15.0) 0.34

Hepatitis B 4(8.3) 3 (10.7) 1(5.0) n/a

Unspecified Hepatitis 1(2.1) 1(3.6) - n/a

Non-Alcoholic Fatty Liver Disease 1(2.1) 1(3.6) - n/a

Percent of Liver Invaded by Tumor, n (%) 0.55

<25% 20 (41.7) 13 (46.4) 7 (35.0)

25-50% 24 (50.0) 12 (42.9) 12 (60.0)

>50% 4(8.3) 3(10.7) 1(5.0)

Presence of Portal Invasion (PVI) 0.76

Yes 28 (58.3) 16 (57.1) 12 (60.0)

No 20 (41.7) 12 (42.9) 8 (40.0)

Median Pre-Treatment Lab Values (range)

AFP, ng/mL 189 390 25 (1-7923) 0.18
(1- 277651) (2-277651)

ALT, u/L 38 (12-158) 44 (12-140) 35 (16-158) 0.38

ALP, u/L 139 (40-518) 162 (40-518) 123 (62-465) 0.33

AST, u/L 60 (19-265) 74 (28-265) 49 (19-132) 0.02

CEA, ng/mL 6.4 (2.4-70.0) 3.8 (2.4-70.0) 7.0 (6.4-7.5) 0.79

Creatinine, mg/dL 0.9(0.5-9.7)  0.9(0.6-9.7) 0.9 (0.5-2.3) 0.92

Total Bilirubin, mg/dL 1.0(0.2-2.0)  1.1(0.5-2.0) 0.8 (0.2-2.0) 0.05

© Under License of Creative Commons Attribution 3.0 License
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MELD Score 10 (6-29) 9 (7-29) 10 (6-15) 0.89

Prior Therapies*, n (%)

None 18 (37.5) 10 (35.7) 8 (40.0) 0.76

Sorafenib 16 (33.3) 12 (42.9) 4 (20.0) n/a
Regorafenib - - - n/a

Other Chemotherapy 1(2.1) - 1(5.0) n/a

TACE 16 (33.3) 8(28.6) 8 (40.0) 0.41

MWA 4(8.3) 3(10.7) 1(5.0) n/a

* Participants may have had more than one type of liver disease or prior therapy.

AST=aspartate aminotransferase, AFP= alpha-fetoprotein, ALT=alanine aminotransferase, ALP=alkaline phosphatase, CEA= carcinoembryonic
antigen, MELD=model for end-stage liver disease, TACE=transarterial chemoembolization, MWA=microwave ablation

Table 2 Y-90 treatment course by treatment type.

Treatment Course All (n=48) Glass Treatment (n=28) Resin Treatment (n=20) m

Median Number of Treatments (range) 1(1-3) 1(1-3) 1.5(1-3) 0.55
Total Number of Y-90 Treatments, n (%) n/a
1 27 (56.3) 17 (60.7) 10 (50.0)
2 18 (20.8) 9(32.1) 9 (45.0)
3 3(6.2) 2(7.1) 1(5.0)
Median Administered Y-90 Activity (GBq) Across All n/a 3.8 (1.0-9.0) 1.4 (1.0-3.0) 0.01
Treatments (range)

Median Days from Diagnosis to Treatment 1 (range) 116 (0-1004) 132 (0-1004) 78 (0-920) 0.66
Median Days from Treatment 1 to 2 (range) 40 (20-412) 78 (30-412) 29 (20-133) 0.01
Median Days from Treatment 2 to 3 (range) 182 (118-350) 266 (182-350) 118 (118-118) n/a

Median Follow-Up Days for TTP (range)* 365 365 365 1
(32.0-365.0) (32.0-365.0) (56.0-365.0)

Median Follow-Up Days for PFS (range)* 237 206 314 0.1
(32.0-365.0) (32.0-365.0) (56.0-365.0)

* The reference date used in TTP calculations was date of diagnosis, while PFS calculations used date of death.

recommended dosing methods, median administered Y-90
activity across all treatments was 3.8 GBqg (range=1.0-9.0) for
glass and 1.4 GBq (range=1.0-3.0) for resin groups. Twenty-seven
patients received only one Y-90 treatment, with a median time

Table 3 Odds ratios for controlled disease by Y-90 treatment type.

Controlled | Progressed

Odds Ratio

Disease (95% Cl)

(PD)

Disease
(CR, PR, SD)

Treatment Type

from diagnosis to Treatment 1 of 116 days. The median time All Patients, n (%) 48 (100.0) 35(83.3) 13 (16.7)
between Treatments 1 and 2 was 40 days (range=20-412), but Glass 28(58.3) 19(67.9) 9(32.1)  reference
was significantly longer for patients receiving glass compared . 1.9 (0.5-
to resin treatment (p=0.01). Median follow-up time for TTP was Resin AR (0 ey 8.1)
365.0 days for both glass and resin groups, while median follow- Patients with PVI,
up time for PFS was 206.0 days (range=32.0-365.0 days) for glass n (%) 28(58.3)  23(57:5) >(62:5)
and 314.0 days (range=56.0-365.0 days) for resin (p=0.10). Glass, n (%) 16 (57.1) 10(62.5) 6(37.5)  reference
There was no significant difference in the distribution of tumor Resin, n (%) 12 (42.9) 11(91.7) 1(8.3) 6;;6(50;;-
responses by treatment group or PVI (Table 3). Overall, 67.9% T — :
of patients in the glass group and 80.0% of patients in the resin PVI, n (%) 20(41.7) 17 (42.5) 3 (37.5)

: . - o U
group demonstrated disease contl"ol (CR, PR, or SD; OR=1.9, 95% Glass, n (%) 12(60.0)  9(75.0) 3(25.0) | reference
Cl=0.5-8.1). Tumor responses varied by PVI status, as 62.5% of 0.6 (0.1-
glass and 91.7% of resin patients with PVl (OR=6.6, 95% CI=0.9- Resin, n (%) 8(40.0)  5(62.5) 3(37.5) '4_0)’

136.3) and 75.0% of glass and 62.5% of resin patients without PVI
(OR=0.6, 95% CI=0.1-4.0) demonstrated disease control.

Additionally, there were no significant differences in mean TTP
or PFS between treatment groups. Mean TTP was 319.4 days
(SD=16.8) for the glass group and 180.9 days (SD=3.0) for the resin
group (HR=0.89, 95% ClI=0.21-3.72, p=0.87) (Table 4 and Figure
1). Mean PFS was 135.5 days (SD=12.0) for the glass group and
173.0 days (SD=7.5) for the resin group (HR=0.52, 95% Cl=0.16-
1.68, p=0.27) (Table 5 and Figure 2). In the TTP calculations, eight

4

CR = complete response, PR = partial response, SD = stable disease, PD
= progressive disease

patients progressed — three resin (15.0%) and five (17.9%) glass.
Forty patients were censored for death (n=11), loss to follow-up
(n=2), and completed follow-up (n=27). In the PFS calculations,
13 patients progressed — four resin (20.0%) and nine (32.1%)
glass. Thirty-five were censored for death (n=20), loss to follow-
up (n=2) and completed follow-up (n=11).
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Table 4 Time-to-progression (TTP) using mRECIST criteria by Y-90 treatment type.

Subjects Censored, n (%)

Treatment | Progressed, Estimated Mean HR

" Percent | . *
Group n (%) Died  LosttoFollow-up  completed Percent ' r7p, days (SE) (95% C1) p-value
Follow-Up Censored
319.4 0.89
Glass (n=28) 5(17.9)  7(25.0) - 16 (57.1) 82.1 e e
180.9 0.87
Resin (n=20) 3 (15.0) 4 (20.0) 2 (10.0) 11 (55.0) 85 (30') reference

* Log-rank test was performed. There is not a statistically significant difference in TTP between treatment groups when followed for one year.
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Figure 1 Time-to-progression (TTP) Kaplan-Meier curves by Y-90 treatment type.
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Table 5 Progression-free survival (PFS) using mRECIST criteria by Y-90 treatment type.

Subjects Censored, n (%)

Treatment Progressed, 1 c leted B Estimated Mean PFS, HR value*
Group n (%) Died ost to omplete ercent days (SE) (95% Cl) P
Follow-Up Follow-Up Censored
Glass (n=28) 9(32.1) 13 (46.4) - 6 (25.0) 67.9 135.5 (12.0) 0.52
(0.16-1.68) o
Resin (n=20) 4 (20.0) 7 (35.0) 2 (10.0) 7 (35.0) 75 (177:) reference

* Log-rank test was performed. There is not a statistically significant difference in PFS between treatment groups when followed for one year.
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Discussion

This retrospective analysis of patients with HCC who received
Y-90 treatments from 2008-2014 found no significant differences
in tumor response by treatment group or PVI. Patients
demonstrated overall tumor control rates of 67.9% and 80.0% in
glass and resin treatment groups, respectively, with similar rates
for patients with and without PVI. Moreover, there were also no
statistically significant differences in mean TTP (319.4 vs. 180.9
days, respectively) or PFS (135.5 vs. 173.0 days, respectively)
between glass and resin treatment groups up to one year after
first Y-90 treatment. However, these differences in TTP and PFS
are likely clinically significant for patients, but were limited by
small sample size.

Research directly comparing tumor response in patients who
received glass and resin Y-90 treatments is limited. In a meta-
analysis involving 318 HCC patients, researchers documented
statistically significant differences in tumor control rates
for patients receiving glass and resin treatments, with 78%
demonstrating control for glass and 89% for resin (p=0.02) [7].
Although the current study demonstrated the same tumor
control rates for patients receiving glass (78.6%) and resin (90.0%)
treatments, the small sample size limited the ability to document
significance. Moreover, when examining 90 patients with HCCand
PVIwho received Y-90 treatments (69 glass, 21 resin), Biederman
et al. found no significant differences in tumor control between
patients receiving glass (54.5%) and resin (37.5%) treatments

6

(p=0.39). Although the tumor control rates in the current study
for patients with HCC and PVI (75.0% for glass and 91.7% for
resin treatments) were much higher than Biederman et al. the
small sample size and low number of progressive disease events
limited the ability to detect significance [8].

Similar to this current study, other prior research has also
reported non-significant differences in TTP and PFS between
glass and resin treatment groups. In the Biederman et al.
study, differences in median TTP were not significant between
treatment groups for patients with HCC and PVI at 5.9 months
for glass compared to 2.8 months for resin treatments (p=0.48);
PFS was not reported [8]. Similarly, in a retrospective analysis of
77 HCC patients (36 glass, 44 resin), Van Der Gucht et al. reported
non-significant differences in PFS for patients receiving resin (6.1
months) compared to glass treatments (5.0 months, p=0.53); TTP
was not reported [8,15].

This study is not without limitations. First, although all patients
with HCC who received Y-90 treatments at this institution were
included, the size of the patient population limited the ability to
detect meaningful differences in tumor response, TTP, and PFS
between treatment groups. The small sample size, in addition
to the relatively low number of progressive disease events (six
glass and two resin patients), contributed to wide confidence
intervals, which further limited the ability to detect statistically
significant differences (e.g., increased the potential for a type Il
error). Second, this study was also restricted to only the available

This article is available in: http://www.imedpub.com/research-journal-oncology/



data for a single-center retrospective analysis, as treatments or
follow-up scans at outside intuitions were not captured. One
strength of this study, however, is that it is one of the first to
assess tumor response, TTP, and PFS outcomes in HCC patients
by both treatment group and PVI status. Finally, although there
were few statically significant differences between the glass
and resin patient populations, differences in AFP, AST and total
bilirubin may suggest that the glass group may have been slightly
sicker than the resin group. Future research should build upon
this concept by performing prospective, randomized trials to
more comprehensively collect treatment and follow-up data to
best measure tumor response by treatment type and PVI.

Understanding differences in tumor response between glass
and resin Y-90 treatments for patients with HCC is an important
topic that remains poorly researched to-date. Although delivery
methods and treatment goals are the same for both types of
treatments, glass beads are slightly smaller and produce more
radioactivity per bead than resin beads [7]. This difference in
radioactivity also translates into a difference in the number of
beads needed to achieve the same radioactive dose, with <5
million glass beads used per treatment compared to 10-30
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