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microspheres in patients with unresectable hepatocellular
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Background: Selective internal radiation therapy (SIRT) with yttrium-90 resin (Y-90 resin) microspheres
has been used as a locoregional therapy for patients with unresectable hepatocellular carcinoma (HHCC). We
examined patient and disease characteristics that might affect survival after Y-90 resin, as well as treatment
tolerability.

Methods: Data from patients with unresectable HCC treated with Y-90 resin at a single institution were
reviewed retrospectively. Survival was assessed with Kaplan-Meier curves and log-rank tests. Response was
evaluated with the response evaluation criteria in solid tumors (RECIST) criteria. Adverse events (AEs) were
noted, and laboratory values were graded with CTCAE v3.0.

Results: Data from 111 patients were analyzed. AEs occurred in 23 patients at 1 week after treatment and
in 46 at 3 months. At 6 months, 13 patients had a complete response and 13 had a partial response. Factors
associated with longer overall survival (OS) included early-stage disease [27.8 months for patients with
Barcelona-Clinic Liver Cancer (BCLC) A vs. 9.2 months for BCLC CJ; treatment with other locoregional
therapies (69.0 vs. 11.4 months); and lack of bilobar disease (23.5 vs. 9.4 months), portal vein thrombosis
(16.2 vs. 8.6 months), ascites (16.6 vs. 10.3 months), and treatment with sorafenib (17.2 vs. 10.3 months). In
six patients, Y-90 resin was used as a bridge to liver transplantation, which greatly improved survival (69.0 vs.
12.1 months).

Conclusions: Several characteristics may prove useful for selecting patients likely to respond well to Y-90

resin. These results should be confirmed in prospective studies.
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Introduction cancer are expected in the US, and 75% of these cases will

In the past, the incidence of liver cancer was lower in the be hepatocellular carcinoma (HCC) (3). HCC is a complex

United States (US) than in other regions of the world (1). condition that has many causes, including hepatitis B virus,
However, the rate in the US has more than tripled in recent hepatitis C virus, excessive alcohol consumption, obesity,
decades, from 2.6 per 100,000 in 1975 to 8.8 per 100,000 in diabetes, and exposure to aflatoxins (4,5). The prevalence of
2013 (2). In 2017, approximately 40,710 new cases of liver these causes and their contribution to the course of disease

© Journal of Gastrointestinal Oncology. All rights reserved. jgo.amegroups.com 7 Gastrointest Oncol 2017;8(5):799-807



800

can be influenced by additional factors such as geographic
region, ethnicity, race, and age (4,5). The prognosis for
HCC is poor, with an overall 5-year survival from diagnosis
of less than 20% (6). Without treatment, patients with
advanced HCC usually survive less than 6 months (7).

Treatment options for patients with HCC are
multifaceted and may depend on the presence or extent
of underlying liver disease, the stage at which HCC is
diagnosed, and tumor characteristics (8). Patients with
early-stage HCC may be treated with potentially curative
surgical treatments such as resection, ablation, and liver
transplantation (9,10). For unresectable intermediate-stage
HCC [Barcelona-Clinic Liver Cancer (BCLC) stage B],
transarterial chemoembolization (TACE) is generally the
treatment of choice (9,11). Until recently, sorafenib, an
angiogenesis inhibitor, was the only FDA-approved systemic
therapy available for patients with unresectable HCC (12).
Sorafenib provides a demonstrated survival benefit for
patients with advanced HCC (BCLC C) and is also given
to patients with unresectable intermediate HCC who are
ineligible for TACE or who show progression despite
locoregional therapies (9,11). Regorafenib, a multikinase
inhibitor, was recently approved for patients with HCC
previously treated with sorafenib (13,14). However, the
efficacy of sorafenib and regorafenib is limited, with median
overall survival (OS) of less than 11 months for each (10,13),
and both are associated with substantial side effects (13,15).

Selective internal radiation therapy (SIRT) with Y-90
resin microspheres (Y-90 resin SIRT) is an intra-arterial,
catheter-based locoregional therapy that has been used to
treat patients with unresectable HCC. Once delivered, the
microspheres largely remain in the tumors, where radiation
is delivered within a limited range, and sparing normal
surrounding liver tissue from damage. In a multicenter
retrospective European study (ENRY), Y-90 resin SIRT
produced a clinically relevant median OS of 12.8 months
[95% confidence interval (CI): 10.9-15.7 months] in
patients with different tumor stages, including those with
advanced disease (16).

Many factors potentially affect the response to SIRT,
including patient demographics, disease characteristics such as
etiology and severity, performance status, previous treatments,
and subsequent liver transplantation. However, limited data
are available on which of these factors increase survival. The
aim of this large, retrospective, single-center analysis was to
investigate the effects of a wide range of factors on survival
after Y-90 resin SIRT and to assess the tolerability of Y-90
resin in this heterogeneous real-life population.
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Methods
Patient selection

All patients with unresectable HCC at Methodist Dallas
Medical Center who underwent at least one SIRT
procedure with Y-90 resin microspheres (SIR-Spheres®,
Sirtex Medical Limited, Sydney, Australia) between
April 1, 2004, and March 27, 2013, were included in this
retrospective analysis. HCC was considered unresectable
if it was multifocal or bilobar or if malignant portal vein
thrombosis, portal hypertension, or decompensated liver
disease (Child’s Pugh B or C) were present.

Patients who were eligible to undergo Y-90 resin SIRT had
Eastern Cooperative Oncology Group (ECOG) performance
status 0-2; platelets >60,000; creatinine <2 mg/dL;
bilirubin <2 mg/dL; and international normalized ratio
(INR) <1.2. Patients were not eligible for SIRT if they had
any extrahepatic disease; contraindication to hepatic artery
catheterization such as vascular abnormalities, bleeding
diathesis, allergy to contrast dye, concurrent malignancy,
refractory ascites, previous external beam radiation, or
evidence of any uncorrectable flow to the gastrointestinal tract;
or greater than 30 Gy of radiation estimated to be delivered
to the lung based on angiography or Tc-99 microaggregated
albumin scan (shunt fraction of 20% or greater).

Data were de-identified, and an IRB exemption was
granted for this HIPAA-compliant study.

Y-90 resin SIRT protocol

All patients were treated by a multidisciplinary team led
by transplant hepatologists and consisting of oncologists,
surgeons, hepatologists, and interventional and cross-
sectional radiologists. The pretreatment evaluation included
a medical history and physical examination. Key data
were documented, including demographics, presence or
absence of cirrhosis, etiology of HCC, evidence of portal
hypertension, HCC characteristics, MELD score, and prior
HCC treatment such as radiofrequency ablation (RFA),
hepatic resection, chemotherapy, or radiation therapy.
All patients underwent the following baseline evaluation:
complete blood count, prothrombin time, serum creatinine,
liver aminotransferases, bilirubin, chest X-ray, and chest
computed tomography (CT).

Patients underwent imaging with multiphasic CT or
hepatic MRI to determine portal vein patency, tumor
and non-tumor volume, and extrahepatic tumor burden.
This imaging was used to confirm whether patients were
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appropriate for SIRT] assisted in planning for whole-liver
or selective radioembolization, and allowed the appropriate
activity of Y-90 resin to be calculated. Preparation for
and administration of Y-90 resin were performed in
accordance with a standard protocol (17). One author
(IS), in conjunction with a group of radiologists at the
medical center where the procedures were carried out,
read all results from the radiographic data collected for this
retrospective analysis.

Adverse events (AEs)

Data on AEs at 1 week and 3 months after the Y-90 resin
SIRT procedure were extracted from the patient charts.
Signs of radiation hepatitis generally develop at 1 week, and
radiation injury peaks at 1 to 3 months. Laboratory values
were graded in accordance with the Common Terminology
Criteria for Adverse Events (CTCAE) v3.0. We do not
report the severity of other AEs by grade because this
information was infrequently reported in the patient charts.

Tumor response

Where the information was available, we recorded the longest
diameter of each target tumor on MRI or dynamic CT as
its size. Tumor size was recorded at baseline (before SIRT)
and 6 weeks, 3 months, and 6 months after Y-90 resin SIRT.
The response evaluation criteria in solid tumors (RECIST)
criteria (18) were used to determine tumor response.

Statistical methods

OS was estimated by the Kaplan-Meier method, and the
corresponding median survival times and 95% CI of the
medians were determined. The inverse Kaplan-Meier
method was used to determine the median follow-up.
Log-rank tests were used to compare survival curves. The
Wilcoxon signed-rank test was used to evaluate the change
from baseline in laboratory values. Alpha was set at 0.05, and
all tests were two-tailed. Data were analyzed by using SAS
software, version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Patients

A total of 115 patdents received at least one Y-90 resin SIRT
treatment during the study period. Of these, four were
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excluded from the analysis because the duration of follow-up
was unknown. Most patients were male (85/111, 76.6%),
about half were white (59/111, 53.2%), and about one-third
were 70 years or older (38/111, 34.2%) (1able I). Hepatitis
C was reported as an HCC etiology for 65 of 110 patients
(59.1%). Half the patients had bilobar disease (54/108,
50.0%), and most patients had early- or intermediate-stage
disease, as assessed with several scales (7able 1). No patients
exhibited extrahepatic disease at time of Y-90 resin treatment.

Additional treatments

Of the 111 patients in the analysis, 65% had one or more
additional treatments concurrent with or before Y-90 resin
SIRT. The most common therapies were sorafenib (38/111,
34.2%) and TACE (33/111, 29.7%). Surgery and RFA had
each been performed in 9 patients (8.1%).

Tumor response

The number of patients with responses evaluable with
the RECIST criteria declined from 97 at baseline to 43 at
6 months after Y-90 resin SIRT (Table 2). For those with
evaluable lesions, tumor diameter decreased over time from
a median of 6.0 cm (IQR 5.5) at baseline to 2.6 cm (IQR 5.8)
6 months after the Y-90 resin SIRT was initiated (7able 2).
At 6 months, 13 patients had a complete response, and an
additional 13 had a partial response.

Survival analyses

At the time of the analysis, 80 patients (72.1%) had died,
with a median follow-up of 46.9 months (95% CI: 0.7-69.0).
The median OS for all patients was 13.1 months (95% CI:
10.3-18.4), and the median survival without progression in
the liver (liver PFS) for all patients was 9.8 months (95%
CI: 6.8-14.8) (Figure 1). Log-rank analyses identified several
factors associated with significantly longer OS, liver PES,
or both (7able 3). In addition, those patients who received
a liver transplant after SIRT lived significantly longer
(median 69.0 months) than those who did not receive a
transplant (median 12.1 months) (7able 3). Survival data for
all variables analyzed are shown in Table S1.

AEs

One week after the Y-90 resin SIRT treatment, 23 of
107 patients (21.5%) experienced selected AEs (Tuble 4).
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Table 1 Demographic and disease characteristics
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Table 1 (continued)

Characteristic Value Characteristic Value

Sex (N=111)% n (%) Performance status (ECOG) (N=107), n (%)

Female 26 (23.4) 0 96 (89.7)
Male 85 (76.6) 1 9 (8.4)

Race (N=111), n (%) 2 2(1.9

Caucasian 59 (53.2) Okuda stage (N=111), n (%)
Asian 30 (27.0) I 86 (77.5)
Hispanic 20 (18.0) Il 25 (22.5)
Indian 1(0.9) PVT (N=111), n (%) 17 (15.3)
Other 1(0.9) BCLC (N=111), n (%)

Age (N=111), years A 38 (34.2)
Mean + SD 65.8+9.6 B 51 (45.9)
Range 42.1-84.0 c 22 (19.8)
<70, n (%) 73 (67.0) Radiation dose (GBg, N=111), median (IQR) 1.14 (0.56)
>70, n (%) 38 (34.2) Ascites (N=111), n (%) 23 (20.7)

Y-90 resin treatments (N=111), n (%) Gastrointestinal bleeding (N=111), n (%) 3(2.7)

1 95 (85.6) 2 number of patients with available data is indicated; °, some
5 14 (12.6 patients had more than one etiology. HCC, hepatocellular
(12.6) carcinoma; NASH, nonalcoholic steatohepatitis; MELD, model
3 2(1.8) for end-stage liver disease; ECOG, Eastern Cooperative
. . Oncology Group; PVT, portal vein thrombosis; BCLC, Barcelona-
Bilobar disease (N=108), n (%) 54 (50.0) Clinic Li )
inic Liver Cancer staging system.
HCC etiology (N=110)°, n (%)
Hepatitis B 9(8.2)
Hepatitis C 65 (59.1) The percentage increased to 43.4% (46/106) after 3 months.
Alcohol 27 (24.5) Mean albumin concentration decreased significantly from
baseline to 1 month, whereas the INR and total bilirubin
NASH 12 (10.9) . .. .
both increased significantly over this time (P<0.001 for all
Cryptogenic 8(7.3) three comparisons, Table 5). At 3 months, most patients had

MELD (N=111), n (%) normal (grade 0) or grade 1 laboratory values for albumin

6 16 (14.4) (41/72, 57%), creatinine (67/72, 93%), INR (57/67, 85%),
and total bilirubin (40/72, 56%).

7 25 (22.5)

8 18 (16.2) . .
Discussion

9 20 (18.0)

210 32 (28.8) Y-90 resin SIRT has been shown to increase median OS in

- ' patients with HCC (16,19), but which of the many specific

ild- = 9 . . .. . . .

Child-Pugh grade (N=111), n (%) patient and disease characteristics might predict response is
A 82 (73.9) not known. In this retrospective study, we examined survival
B 26 (23.4) outcomes in a large number of patients with unresectable
c 3 27) HCC who were treated with Y-90 resin SIRT at a single

Table 1 (continued)
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tertiary referral center. The procedure was generally well
tolerated. The median OS for all patients in this analysis
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Table 2 Tumor response based on RECIST guidelines
Time point Lesion di.ameter (cm), Number with available RECIST, n (%)
median (IQR) data (N=111) CR PR sSD PD
Baseline 6.0 (5.5) 97 - - - -
6 weeks 4.3 (5.3) 80 13 (11.7) 17 (15.3) 37 (33.3) 13 (11.7)
3 months 3.7 (4.0) 58 12 (10.8) 16 (14.4) 22 (19.8) 8(7.2)
6 months 2.6 (5.8) 43 13 (11.7) 13(11.7) 11(9.9) 6 (5.4)

RECIST, Response Evaluation Criteria In Solid Tumors; CR, complete response; PR, partial response; SD, stable disease; PD, progressive

disease.
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Figure 1 Kaplan-Meier survival curves. (A) Median overall survival was 13.1 months (95% CI: 10.3-18.4); (B) median progression-free

survival in the liver was 9.8 months (95% CI: 6.8-14.8).

was 13.1 months, similar to the median OS of 13.2 months
in a retrospective study of 30 Asian patients with inoperable
HCC who were treated with Y-90 resin SIRT (19) and
longer than the median OS of 10.7 months for patients
with unresectable HCC treated with sorafenib (15) and
10.6 months for patients with unresectable HCC treated
with regorafenib after progression on sorafenib (13) seen in
phase 3 trials of these drugs.

We found that several factors were associated with
significantly longer survival. Patient factors such as
performance status, and disease factors such as BCLC
stage, the presence of portal vein thrombosis, and the
absence of ascites, could all potentially be used to identify
patients who might benefit the most from treatment with
Y-90 resin SIRT. In addition, our results indicate that Y-90
resin SIRT can be used to downstage tumors or otherwise
serve as a bridge to liver transplantation. As expected
(10,11), transplantation provided a strong survival benefit
(69.0 vs. 12.1 months, P=0.001), although this population
was small (n=6).

In the ENRY study, a prospective European multicenter trial
of Y-90 resin SIRT in 325 patients with unresectable HCC,

© Journal of Gastrointestinal Oncology. All rights reserved.

the median OS was 12.8 months (95% CI: 10.9-15.7) (16).
Similar to the results in this investigation, OS varied
significantly by disease stage, performance status, liver
health, and tumor burden. More recently, a sub-analysis
of the ENRY database was conducted to evaluate the
clinical outcomes among elderly patients (70 years or older)
compared with younger patients (20). Radioembolization
was as well tolerated and effective in the elderly as it was
in younger patients with unresectable HCC. Similarly, we
found no difference in survival between those 70 years or
older and those younger than 70 (Table S1).

Sorafenib became the standard treatment for patients
with advanced HCC therapy after the SHARP trial showed
a higher median OS with sorafenib (10.7 months) than
with placebo (7.9 months) (15). Thus, it was surprising that
sorafenib was associated with shorter survival in our cohort.
"The reason for this is not clear, although patient selection may
have been a contributing factor, because patients with less-
advanced disease were less likely to have received sorafenib
than those with intermediate or more-advanced disease
[BCLC A, 5/38 (13%) received sorafenib; BCLC B, 23/51
(45%); BCLC C 10/22 (45%); P=0.003]. This finding may

jgo.amegroups.com 7 Gastrointest Oncol 2017;8(5):799-807
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Table 3 Significant predictors of survival
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Baseline characteristic n Median OS (95% Cl) ( months) p? Median liver PFS (95% CI) ( months) pe

Bilobar disease 0.002 0.057
No 54 23.5 (12.2-29.7) 13.5 (7.9-27.8)
Yes 54 9.4 (6.9-12.1) 6.9 (5.2-10.3)

PVT 0.001 0.006
No 94 16.2 (11.4-25.7) 12.0 (7.1-25.1)
Yes 17 8.6 (3.6-13.5) 5.6 (3.0-10.6)

PST 0.024 0.032
0 96 13.1 (10.6-23.5) 9.8 (6.8-15.8)
1 9 6.9 (2.1-)° 5.6 (2.1-13.5)
2 2 5.1 (3.8-6.4) 2.7 (1.5-3.8)

BCLC 0.011 0.002
A 38 27.8 (12.8-35.3) 28.2 (12.8-35.8)
B 51 11.4 (8.3-16.7) 8.1 (3.4-11.4)
C 22 9.2 (3.6-17.2) 6.0 (3.6-10.6)

Ascites 0.053 0.023
No 88 16.6 (10.6-25.3) 10.6 (6.8-17.2)
Yes 23 10.3 (7.0-13.5) 9.4 (2.6-13.5)

Sorafenib 0.022 0.123
No 73 17.2 (12.0-25.7) 12.8 (7.9-18.4)
Yes 38 10.3 (5.3-12.2) 6.0 (3.6-12.2)

Liver-directed treatment® <0.001 <0.001
No 95 11.4 (8.5-14.8) 8.4 (6.0-11.4)
Yes 16 69.0 (H)° 69.0 (-)°

Liver transplant’ 0.001 <0.001
No 103 12.1 (9.4-16.6) 9.0 (6.0-12.8)
Yes 6 69.0 (-)° 69.0 (4)°

Year of treatment 0.029 0.067

2004-2009 52
2010-2013 59

17.8 (11.9-28.1)
10.8 (6.8-14.8)

12.7 (6.9-25.8)
8.1(4.8-12.8)

®, Log-rank test; °, upper bound of the 95% Cl was not reached; °, liver-directed treatments were locoregional therapies such as
microwave ablation, RFA, TACE, and transarterial embolization; ¢, liver transplant was performed after Y-90 resin SIRT: °, upper and
lower bounds of the 95% CI were not reached. OS, overall survival; Liver PFS, liver-progression-free survival; PST, performance status
test (Eastern Cooperative Oncology Group); BCLC, Barcelona-Clinic Liver Cancer staging system; RFA, radiofrequency ablation; TACE,

transarterial chemoembolization.

© Journal of Gastrointestinal Oncology. All rights reserved.
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Table 4 Adverse events after Y-90 resin
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Adverse events

One week after Y-90 resin®, n (%)

Three months after Y-90 resin®, n (%)

Any adverse event 23 (21.5)
Abdominal pain 8 (7.5)
Ascites 6 (5.6)
Nausea 4(3.7)
Edema 3(2.8)
Fatigue 3(2.8)
Vomiting 2(1.9)
Ulcer -
Jaundice -

Gl bleeding -

46 (43.4)

15 (14.2)

20 (18.9)
6 (5.7)
7 (6.6)
3(2.8)
5 (4.7)
5 (4.7)
4(3.8)
8 (7.5)

? adverse events were available for 107 patients at 1 week; °, adverse events were available for 106 patients at 3 months. Y-90 resin,

yttrium-90 resin.

Table 5 Changes in laboratory values from baseline to one month after Y-90 resin SIRT (N=111)

Laboratory test n Baseline Month 1 Change P value
AFP (ng/dL) 55 4,738.13+16,097.26 4,172.15+17,195.45 -565.98 0.552
Albumin (g/dL) 90 3.55+0.59 3.37+0.68 -0.18 <0.001
Creatinine (mg/dL) 91 0.95+0.26 0.95+0.32 0.00 0.190
INR 88 1.14+0.24 1.25+0.35 0.11 <0.001
Bilirubin, total (mg/dL) 90 1.06+0.50 2.00+2.02 0.94 <0.001

Y-90 resin, yttrium-90 resin; SIRT, selective internal radiation therapy; AFP, alpha fetoprotein; INR, international normalized ratio.

also have contributed to the shorter survival in 2010-2013,
after the introduction of sorafenib, than in the earlier years.
Further analyses will be needed to confirm this result and to
understand the mechanisms involved.

Recently announced results from a head-to-head
comparison of Y-90 resin SIRT and sorafenib for HCC,
the phase 3 SARAH trial (21), did not show a significant
difference in OS between the groups, although patients
in the Y-90 resin arm had significantly fewer AEs and
higher quality of life. Similar results were reported
from a recent investigator-initiated multicenter clinical
trial in Asia, which compared Y-90 with standard-
dose (400 mg bid) sorafenib (22). As in the SARAH
trial, the OS was similar in the two groups (Y-90:
8.54 months, sorafenib: 10.58 months), and serious AEs
occurred in a much smaller percentage of patients in the
Y-90 arm (27%) than in the sorafenib arm (>50%). Notably,
however, a much higher percentage of patients in the Y-90

© Journal of Gastrointestinal Oncology. All rights reserved.

arm (27%) than in the sorafenib arm (9%) did not receive
the planned therapy, which may have affected the results. In
addition, the tumor response rate was substantially better in
the Y-90 arm (16.5%) than in the sorafenib arm (1.7%). One
difference from our study was that patients only received
one injection of Y-90, whereas in our clinical protocol
patients received up to 3 treatments with Y-90, depending
on tolerability and efficacy. One arm of an ongoing phase
3 studies in patients with inoperable HCC (SORAMIC,
NCT01126645) is examining whether adding Y-90 resin
SIRT to sorafenib will improve survival over treatment with
sorafenib alone. This may be more comparable to our study,
in which the treatments were often given concomitantly.
TACE is the standard of care and first-line treatment for
intermediate-stage unresectable HCC (9,11). In a recent
investigation comparing SIRT with TACE (SIRTACE), a
single treatment session with Y-90 resin appeared to be as
safe, and had a similar impact on health-related quality of

jgo.amegroups.com 7 Gastrointest Oncol 2017;8(5):799-807
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life, as multiple sessions of TACE (23), suggesting that SIRT
might be an option for patients eligible for TACE. These two
treatment modalities have different benefits and drawbacks.
SIRT requires two separate procedures; the first maps the
hepatic vasculature to identify and embolize any extrahepatic
branches that could allow for dispersal of Y-90 microspheres
to nontarget organs (24), and the second delivers the Y-90
microspheres. Both are generally performed as outpatient
procedures (25). TACE only requires one procedure but is
associated with a postembolization syndrome characterized by
pain, fever, nausea, and vomiting. This syndrome can be severe
and requires that patients receiving TACE be hospitalized
to manage symptoms. Major complications for TACE are
uncommon but include liver infarction, biliary duct injury,
and gastric or duodenal ulcers (25,26). The dominant side
effect reported for SIRT is fatigue (25). Major complications
for SIRT are rare and generally result from irradiation
of nontarget tissue rather than from embolic effects (27).
These complications include radiation-induced ulcers of
the gastrointestinal tract, gastroduodenal injury, radiation
pneumonitis, and radiation-induced liver disease (25,28).

A cost-effectiveness analysis by Rostambeigi et al. of
SIRT versus TACE has concluded that, taking into account
the costs of hospitalization required for TACE and the
costs of preliminary arterial mapping procedures for SIRT,
the overall costs for SIRT are more than twice those of
TACE (29). Because studies have not shown a clear survival
advantage for SIRT or TACE when applied to patients
with intermediate HCC (BCLC B) (23,29), the choice of
treatment modality is one that must take into account a
number of individual patient considerations.

Strengths and limitations of the study

This relatively large study enabled us to examine the
associations of many patient, disease, and treatment
factors with survival outcomes after Y-90 resin SIRT. The
retrospective nature necessarily limits the conclusions that we
can draw from our findings. In particular, we were not able to
analyze the severity of non-laboratory AEs because CTCAE
grade was not included in the patient charts. Furthermore,
the small number of patients in some subgroups, such as those
with >2 SIRT procedures, limits statistical power. However,
our results can be used to design prospective studies to
further examine the effects of specific characteristics, such as
performance status, the presence of portal vein thrombosis,
BCLC stage, or prior treatment, on the outcomes of Y-90
resin SIRT.

© Journal of Gastrointestinal Oncology. All rights reserved.
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Conclusions

The use of Y-90 resin SIRT may provide an important
tool for improving OS in patients with unresectable
HCC, particularly those with certain patient and disease
characteristics. The results from recent and upcoming phase
3 clinical trials, in conjunction with increasing worldwide
experience, will clarify the efficacy and survival benefits of
SIRT in this patient population.
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Supplementary

Table S1 Kaplan-Meier estimates of survival by baseline variable

Category n Median OS* (95% CI) (months) P value log-rank Median liver PFS® (95% CI) (months) P value log-rank

All patients 111 13.1 (10.3-18.4) 9.8 (6.8-14.8)

Sex 0.498 0.638
Female 26 10.3 (5.3-27.8) 7.0 (3.3-16.6)
Male 85 14.8 (10.6-23.8) 11.4 (6.9-16.2)

Race 0.387 0.057
Asian 30 11.9 (3.6-25.1) 6.0 (3.1-14.8)
Hispanic 20 9.8 (5.7-31.1) 8.2 (3.2-13.5)
Indian 1 7.0 3.0
Other 1 - 1.5
White 59 16.7 (10.6-27.8) 15.8 (7.1-25.8)

Race by category 0.135
White 59 16.7 (10.6-27.8) 0.502 15.8 (7.1-25.8)
Non-White 52 11.4 (7.9-14.8) 6.9 (3.4-11.4)

Age (years) 0.176 0.207
<65 50 14.8 (10.6-27.8) 12.2 (6.9-17.2)
>65 61 12.0 (7.1-23.6) 8.1 (5.2-13.5)

Age (years) 0.510 0.622
<70 73 13.1(10.3-18.4) 9.4 (5.6-14.8)
>70 38 13.5(7.1-29.7) 12.8 (6.8-29.7)

Number of SIRT treatments 0.850 0.783
1 94 12.1 (9.0-16.6) 9.0 (6.0-13.1)
2 14 18.4 (7.1-29.7) 17.2 (6.9-29.7)
3 2 33.1 (23.6-42.5) 24.3 (6.0-42.5)

Bilobar disease 0.002 0.057
No 54 23.5(12.2-29.7) 13.5 (7.9-27.8)
Yes 54 9.4 (6.9-12.1) 6.9 (5.2-10.3)

Etiology hepatitis B 0.266 0.188
No 101 12.2 (9.4-17.2) 9.4 (6.0-13.5)
Yes 9 25.1 (0.9-)° 25.1 (0.9-)°

Etiology hepatitis C 0.436 0.611
No 45 17.2 (8.1-27.8) 13.1 (6.0-23.5)
Yes 65 11.9 (9.4-16.7) 9.4 (5.3-12.8)

Etiology alcohol 0.784 0.169
No 83 12.8 (9.8-23.6) 10.3 (6.8-15.8)
Yes 27 13.5 (56.7-28.1) 7.9 (2.8-23.5)

Etiology NASH 0.649 0.705
No 98 12.8 (9.4-18.4) 9.4 (6.0-13.5)
Yes 12 27.8 (2.3-35.9) 15.8 (2.3-35.3)

Etiology cryptogenic 0.847 0.490
No 102 13.5 (9.8-23.6) 9.4 (6.0-14.8)
Yes 8 13.1 (3.6-42.5) 13.1 (3.6-42.5)

MELD 0.087 0.080
6 16 23.6 (9.4-)° 12.0 (6.0-35.8)
7 25 10.8 (6.8-17.2) 6.8 (3.0-12.2)
8 18 28.1 (5.7-)° 28.2 (3.6-)°
9 20 11.9 (3.6-28.1) 9.0 (2.2-28.2)
>10 32 12.8 (7.0-16.7) 7.1(3.7-14.8)

Child-Pugh grade 0.183 0.135
A 82 16.6 (11.6-25.3) 12.8 (8.1-18.4)
B 26 10.3 (3.8-25.1) 3.7 (2.1-12.2)
C 3 8.5 (8.3-9.4) 8.4 (6.0-9.4)

PST 0.024 0.032
0 96 13.1 (10.6-23.5) 9.8 (6.8-15.8)
1 9 6.9 (2.1-)° 5.6 (2.1-13.5)
2 2 5.1 (3.8-6.4) 2.7 (1.5-3.9)

Okuda 0.061 0.427
| 86 16.6 (11.4-25.3) 10.6 (6.0-17.2)
Il 25 9.4 (5.6-13.5) 9.4 (3.8-13.5)

PVT 0.001 0.006
No 94 16.2 (11.4-25.7) 12.0 (7.1-25.1)
Yes 17 8.6 (3.6-13.5) 5.6 (3.0-10.6)

BCLC 0.011 0.002
A 38 27.8 (12.8-35.3) 28.2 (12.8-35.8)
B 51 11.4 (8.3-16.7) 8.1 (3.4-11.4)
C 22 9.2 (3.6-17.2) 6.0 (3.6-10.6)

Liver transplant 0.001 <0.001
No 103 12.1 (9.4-16.6) 9.0 (6.0-12.8)
Yes 6 69.0 (-)° 69.0 (-)°

Ascites 0.053 0.023
No 88 16.6 (10.6-25.3) 10.6 (6.8-17.2)
Yes 23 10.3 (7.0-13.5) 9.4 (2.6-13.5)

PSE 0.153 0.147
No 102 14.8 (10.8-23.6) 10.6 (6.8-16.2)
Yes 9 9.4 (2.6-27.8) 8.4 (2.6-10.3)

Gl bleeding 0.235 0.511
No 108 14.8 (10.6-23.6) 9.8 (6.0-15.8)
Yes 3 9.4 (7.1-13.5) 9.4 (7.1-13.5)

Cancer treatment surgery 0.864 0.479
No 102 13.5 (9.8-23.6) 9.0 (6.0-14.8)
Yes 9 12.2 (5.3-42.5) 12.2 (5.3-42.6)

Cancer treatment sorafenib 0.022 0.123
No 73 17.2 (12.0-25.7) 12.8 (7.9-18.4)
Yes 38 10.3 (5.3-12.2) 6.0 (3.6-12.2)

Cancer treatment TACE 0.227 0.626
No 78 12.0 (8.6-16.7) 9.4 (6.0-13.5)
Yes 33 23.5(11.6-29.7) 12.2 (3.4-28.2)

Cancer treatment RFA 0.691 0.895
No 102 13.5 (9.4-23.5) 9.4 (6.0-14.8)
Yes 9 12.8 (1.6-35.3) 12.8 (1.6-35.3)

Cancer treatment chemo-embolization 0.643 0.696
No 108 12.8 (9.8-18.4) 9.8 (6.8-14.8)
Yes 3 25.3 (16.7-47.4) 1.5 (1.5-47.5)

Albumin, CTC grade 0.222 0.149
0 61 18.4 (12.1-27.8) 13.1 (8.1-25.8)
1 31 10.3 (6.4-14.8) 6.0 (3.0-10.3)
2 19 9.0 (5.6-31.1) 9.0 (3.6-31.1)

Albumin CTC grade O vs. 1+ 0.185 0.309
0 61 18.4 (12.1-27.8) 13.1 (8.1-25.8)
1+ 50 9.4 (7.0-13.5) 6.8 (3.6-10.3)

Total bilirubin CTC grade 0.195 0.530
0 58 18.4 (12.2-25.7) 13.1 (8.1-18.4)
1 28 8.6 (5.7-28.1) 8.6 (2.8-28.2)
2 25 8.5 (5.6-15.8) 6.0 (3.2-9.0)

Total bilirubin CTC grade 0 vs. 1+ 0.071 0.292
0 58 18.4 (12.2-25.7) 13.1 (8.1-18.4)
1+ 53 8.6 (6.4-13.5) 6.9 (3.4-11.4)

Creatinine 0.515 0.717
<1.2 98 13.1 (9.8-23.6) 9.4 (6.0-16.2)
>1.2 13 13.8 (2.3-25.1) 12.8 (2.3-25.1)

?, OS time is the time (months) to death, which is defined as the time from first Y-90 resin treatment until recorded date of death; ® PFS in the liver is defined as the time (months)
until death or liver progression as determined by RECIST criteria; ©, blank values indicate that the bound of the 95% CI was not reached. OS, overall survival; PFS, progression-
free survival; RECIST, response evaluation criteria in solid tumors; BCLC, Barcelona-Clinic Liver Cancer staging system; CTC, common terminology criteria for adverse events;
PSE, portosystemic encephalopathy ECOG; MELD, model for end-stage liver disease; NASH, nonalcoholic steatohepatitis; PST, performance status test; PVT, portal vein
thrombosis; RFA, radiofrequency ablation; TACE, transarterial chemoembolization; ECOG, Eastern Cooperative Oncology Group.



