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Aim: To compare the overall survival (OS) and liver cancer-specific survival of advanced-stage hepatocel-
lular carcinoma (HCC) patients who received transarterial radioembolization (TARE) with those who re-
ceived nonoperative/interventional treatment (NOT). Materials & methods: A total of 12,520 HCC patients
from the Surveillance, Epidemiology and End Results database were categorized by treatment with either
radioembolization or NOT. Kaplan–Meier and multivariate Cox regression were conducted. Results: The
TARE group had both a significantly longer median overall survival than the NOT group (TARE = 9 months;
NOT = 2 months; p < 0.0001) and a significantly higher probability of liver cancer-specific survival (haz-
ard ratio = 0.474). Conclusion: TARE appears to provide a significant survival advantage over the NOT
population in advanced HCC patients.
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Treatment options for hepatocellular carcinoma (HCC) vary widely depending on the size and number of liver
lesions, the extent of disease and liver function scores determined by the Child–Pugh classification. For patients
fortunate enough to have smaller and localized disease, minimally invasive treatment methods such as the per-
cutaneous injection of ethanol (PEI) or ablation by locoregional delivery of radiofrequency radiation (RFA) are
effective, possible options for complete disease removal [1]. For those patients with more extensive early stage HCC,
transplantation or surgical resection remains the only chance for a cure [2–4]. Unfortunately, a large proportion of
patients are not surgical candidates and many patients who undergo successful disease removal develop recurrent
disease [5,6]. Therefore, many patients are left with limited treatment options for disease control or effective pallia-
tion. For patients with localized HCC who are not surgical candidates, chemoembolization can be offered as it has
been shown to improve survival in patients with intermediate stage disease [7,8].

Once the disease has progressed to advanced T3/T4 HCC (disease that is categorized by portal vein thrombosis
and nodal or metastatic disease), the standard of therapy is the multi-tyrosine kinase inhibitor sorafenib [9].
Sorafenib has been shown, through randomized controlled clinical trials, to improve survival in advanced HCC
patients [9,10]. In addition, there are advanced HCC patients who still prefer the best supportive care route including
comfort measures and palliation. These patients collectively may be placed into the nonoperative/interventional
treatment (NOT) route of care group where complete disease removal is unlikely and interventional procedures
are no longer considered. Within the recent past, however, some centers have advocated for the use of transarterial
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radioembolization (TARE) in this patient population because it may improve local disease control and is well
tolerated in patients with portal vein thrombosis [11]. Further, it has been reasoned that local disease control may
improve survival given that liver tumor burden sometimes dictates the prognosis independent of background liver
synthetic function [12].

While the use of TARE is fairly commonplace in the advanced HCC population [13–16], randomized controlled
trials (RCTs) such as the SARAH [17] and SIRveNIB trial [18] continue to show that TARE provides similar efficacy
to sorafenib with a lower toxicity profile [19]. Nevertheless, there are few studies that have compared the efficacy
of TARE with NOT in the advanced HCC patient population. Drawing from the available literature, we reason
that TARE may provide a net survival benefit over NOT in patients with advanced HCC. We hope that this study
will provide further support for those patients looking for guidance in navigating the many treatment options for
advanced HCC.

Accordingly, we utilized the Surveillance, Epidemiology and End results (SEER) database to assess the overall
survival (OS) and liver cancer-specific survival (LCSS) in advanced stage (AJCC III/IV) HCC patients treated with
TARE versus those electing for the NOT.

Materials & methods
SEER database
This study was exempt from Institutional Review Board approval and was completed in accordance with the
National Cancer Institute SEER user agreement. The SEER database provides information on cancer statistics with
the goal of reducing the cancer burden in the USA. Data is collected from 18 registries from various locations
throughout the country that covers approximately 28% of the American population. Collected data include patient
demographics, primary tumor site, tumor morphology, stage at diagnosis, first course of treatment and survival.
Care is taken to ensure that individual state registry data are acceptable for subsequent data pooling [20].

Study population
Advanced HCC was defined as American Joint Committee on Cancer (AJCC) stage III and IV disease since these
patients have nodal or distant metastases and are not typically candidates either for surgical or locoregional therapy
(per Barcelona clinic liver cancer [BCLC] criteria). Advanced HCC cases from 2004 to 2013 were identified. The
search was limited to 2004–2013, given that the database contained very few TARE cases prior to 2004, and 2013
was the last year included in the 2016 release. Subjects with other primary cancers and those treated with surgery,
transplantation, prior ablative therapies and external beam radiation were excluded to avoid confounding variables.
Thus, the composition of the NOT group for this study included those patients who had palliative therapy or
unspecified chemotherapy/immunomodulator treatment (sorafenib or otherwise).

Subjects treated with TARE were identified as any subjects with treatment code ‘radioactive implants’ (including
brachytherapy) or ‘radioisotopes’ [21]. According to the SEER program coding and staging manual 2016, TARE
should be coded as ‘radioactive implants’; however, previous cases have also been coded as ‘radioisotopes’ as per
confirmation from the SEER registrar [21]. Of note, an additional analysis comparing patients coded as ‘radioactive
implants’ compared with those patients coded as ‘radioisotopes’ was performed to ensure that no differences existed
between these groups. For the purposes of this study, patients who are not treated with surgery, radiation or
radioembolization were classified as NOT. We do concede that there may be some treatment regiments that were
given to patients that were not recorded in the database. Nonetheless, patients without recorded treatments were
still classified as NOT.

Demographic, clinical & outcomes data
Demographic and clinical variables obtained from the SEER database included age at diagnosis, race, sex, tumor
histology, tumor grade, tumor size, fibrosis score and α-fetoprotein (AFP)-level classification (as continuous variable
information for AFP was not provided by the SEER database). The primary outcome was OS, and the secondary
outcome was LCSS, which censors patients who died from a cause other than cancer. SEER cause of death data
are classified as either attributable to cancer or secondary to another cause. Outcomes were calculated using total
months survived, a variable provided by the database. For OS, patients were censored if they were alive at the end
of the study period.
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Table 1. Baseline demographic and clinical patient characteristics, unmatched groups.
Characteristic Overall, % (n) NOT, % (n) Radioembolization (TARE), %

(n)
p-value

Gender: 0.9654

– Female 19 (2377) 19 (2307) 19.1 (70)

– Male 81 (1141) 81 (9846) 81 (297)

Cancer stage: � 0.0001

– Stage III 56.9 (7128) 56.1 (6819) 84.2 (309)

– Stage IV 43.1 (5392) 43.9 (5334) 15.8 (58)

Tumor grade: 0.0003

– I (well) 26.8 (1034) 26.4 (982) 37.1 (52)

– II (moderately) 38.1 (1470) 37.9 (1409) 43.6 (61)

– III (poorly) 31.9 (1231) 32.4 (1205) 18.6 (26)

– IV (undifferentiated) 3.2 (125) 3.3 (124) 0.7 (1)

Tumor (T) stage: � 0.0001

– T0 0.2 (22) 0.2 (22) 0

– T1 10.7 (1343) 11 (1333) 2.7 (10)

– T2 5.7 (718) 5.8 (704) 3.8 (14)

– T3 61 (7633) 60.3 (7327) 83.4 (306)

– T4 10.4 (1302) 10.5 (1275) 7.4 (27)

– Tx 12 (1502) 12.3 (1492) 0.7 (10)

Node (N) stage: � 0.0001

– N0 65.9 (8249) 65.6 (7968) 76.6 (281)

– N1 19.2 (2401) 19.2 (2331) 19.1 (70)

– Nx 14.9 (1870) 15.2 (1854) 4.3 (16)

Metastasis (M) stage: � 0.0001

– M0 56.9 (7128) 56.1 (6819) 84.2 (309)

– M1 43.1 (5392) 43.9 (5334) 15.8 (58)

AFP: 0.0052

– Borderline 0.2 (22) 0.2 (21) 0.3 (1)

– Elevated 68.6 (8591) 68.5 (8323) 73 (268)

– Normal 11.4 (1425) 11.3 (1374) 13.9 (51)

– Unknown 19.8 (2482) 20 (2435) 12.8 (47)

Fibrosis: � 0.0001

– Fibrotic 16.3 (2045) 16 (1949) 26.2 (96)

– None 3.7 (466) 3.8 (454) 3.3 (12)

– Unknown 80 (10009) 80.2 (9750) 70.5 (259)

Age, mean (SD) 62.3 (11.8) 62.3 (11.8) 62.9 (10.8) 0.253

AFP: �-fetoprotein; NOT: Nonoperative/interventional treatment; Nx: Node metastases unknown; SD: Standard deviation; TARE: Transarterial radioembolization; Tx: Treatment.

Table 2. Overall survival in unmatched and matched groups.
Treatment OS median (months) Lower 95% confidence limit Upper 95% confidence limit

Unmatched group

Nonsurgical/interventional treatment 2.000 2.000 3.000

Radioembolization 9.000 8.000 11.000

Matched group

Nonsurgical/interventional treatment 4.000 3.000 4.000

Radioembolization 9.000 8.000 11.000

OS: Overall survival.
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Figure 1. Study population formation from SEER confirmed HCC cases from 2004 to 2013.
AJCC: American Joint Committee on Cancer; HCC: Hepatocellular carcinoma; SEER: Surveillance, Epidemiology and
End Results; TARE: Transarterial radioembolization.

Statistics
Baseline demographics and clinical characteristics were compared with a χ2 test for categorical variables and
nonparametric Wilcoxon sum rank test for continuous variables. A Kaplan–Meier survival curve was carried out
for OS, and a competing risk analysis of cumulative incidence of liver cancer-specific death with a competing risk
event of death due to a cause other than cancer was employed for evaluation of LCSS in patients who underwent
TARE or NOT. The log-rank test was used to examine the statistical significance of the differences observed
between the groups. A multivariate Cox proportional hazards model was also applied to compute hazard ratios
(HRs) and 95% CI, adjusting for known prognostic variables (age, gender, AJCC stage, histologic grade, tumor
node metastasis [TNM] stage, AFP and fibrosis scores).

Propensity score & subgroup analyses
Given that both treatment populations were not homogeneous, selection bias was deemed inevitable. Therefore,
propensity matching was performed to combat inherent bias. This strategy has been shown to be the most aggressive
statistical method to control for background factors in a cohort study and it ensures that known prognostic factors in
each group are similarly distributed. This strategy has also been shown to observationally mimic RCTs [22]. Propensity
scores were generated using logistic regression, with treatment as the dependent variable and background factors as
independent variables. Independent variables that were utilized were those that were reported in the SEER database
and included age, gender, race, tumor grade, tumor size, AJCC stage, fibrosis score and AFP level classification. In
the SEER database AFP is reported as ‘elevated’, ‘normal’ or ‘unknown’. Fibrosis score is provided as a binary value,
with ‘yes’ indicating cirrhosis or severe fibrosis and ‘no’ indicating no or mild fibrosis. No distinction is provided
for hepatitis or mild fibrosis. Patients were matched in a 1:1 ratio using the nearest neighbor method outlined in
the local and global optimal propensity score matching [23]. Propensity score matched groups were analyzed, where
matched pairs Cox regression models were used to estimate differences in OS and LCSS between treatment groups.
Two-sided p < 0.05 is considered statistically significant. All analyses were performed within SAS (version 9.4;
SAS, NC, USA).

346 J. Comp. Eff. Res. (2018) 7(4) future science group



Radioembolization vs noninterventional treatment for HCC Research Article

0.0

0.2

Log rank p < 0.0001

Overall survival (months)

S
u

rv
iv

al

0

0.4

0.6

0.8

1.0

12 24 36 48 60 72 84 96 108 120

12,107 1851 692 327 154 81 41 21 10 5 0

367

1

2 107 33 8 1 1 0

HR 2.21 95% CI 1.94–2.51

1: Non-sx/interventional Tx

2: TARE

Figure 2. Kaplan–Meier overall survival analysis of advanced hepatocellular carcinoma patients treated with TARE
compared to non-Sx/interventional Tx in the unmatched patient population.
HR: Hazard ratio; Sx: Surgical; TARE: Transarterial radioembolization; Tx: Treatment.

Results
Overall population characteristics
AJCC stage III and stage IV patients were identified for inclusion into the study. Exclusion criteria and their
effects on population size are summarized in Figure 1. The number of cases that were identified with histologic
or radiographically confirmed HCC was 78,058. After our pretreatment and demographic exclusion criteria were
applied, the remaining number of patients was 30,228. Further excluding stages I, II and unknown resulted in
367 patients treated with TARE and 12,153 NOT therapies (Figure 1).

Background variables & survival analysis: unmatched group
The unmatched study population consisted of 367 in the TARE group and 12,153 in the NOT group. There was
no significant difference in gender distribution or age. However, there were significant differences in AJCC stage,
tumor grade, TNM staging, AFP and fibrosis scores between the groups. The NOT group had a higher proportion
of AJCC stage IV cases, a higher ratio of poorly differentiated tumors, unknown TNM staging, unknown AFP and
unknown fibrosis scores (Table 1).

The TARE group had a significantly (p < 0.0001) longer median OS of 9 months (95% CI: 8–11 months)
compared with the NOT group of 2 months (95% CI: 2–3 months; Figure 2). Similarly, there was a lower
probability of LCSS in the NOT group, with an HR of 1.79 (95% CI: 1.63–1.96; Figure 3). Furthermore,
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Figure 3. Liver cancer-specific survival analysis of advanced hepatocellular carcinoma patients treated with TARE
compared to non-Sx/interventional Tx in the unmatched patient population.
HR: Hazard ratio; Sx: Surgical; TARE: Transarterial radioembolization; Tx: Treatment.

treatment type showed independent prognostic significance for both OS and LCSS. TARE showed a protective
effect with an HR of 0.474 (95% CI: 0.285–0.786; Table 2). Other covariates that showed significant OS and
LCSS prognostic value included tumor stage, tumor grade and tumor size (Tables 2 & 3).

Background variables & survival analysis: matched group
In the propensity-matched comparison, there were 367 TARE cases matched to 367 NOT cases, for a total of
734 cases. There was no significant difference between groups with regards to gender ratio, age, AJCC cancer stage,
tumor grade, TNM stage, AFP or fibrosis score (Table 3).

The TARE group had a significantly longer overall median survival of 9 months (95% CI: 8–11 months)
compared with the NOT group of 4 months (95% CI: 3–4; p < 0.0001; Figure 4). This result is further supported
by a lower probability of LCSS in the NOT group with a HR of 1.64 (95% CI: 1.4–1.93; Figure 5).
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Table 3. Demographic and clinical patient characteristics of propensity score matched groups.
Characteristic Overall, % (n) NOT, % (n) Radioembolization (TARE), %

(n)
p-value

Gender: 0.7039

– Female 18.5 (136) 18 (66) 19.1 (70)

– Male 81.5 (598) 82 (301) 80.9 (297)

Cancer stage: 0.535

– Stage III 85 (624) 85.8 (315) 84.2 (309)

– Stage IV 15 (110) 14.2 (52) 15.8 (58)

Tumor grade: 0.8499

– I (well) 37.7 (103) 38.3 (51) 37.1 (52)

– II (moderately) 44.7 (122) 45.9 (61) 43.6 (61)

– III (poorly) 17.2 (47) 15.8 (21) 18.6 (26)

– IV (undifferentiated) 0.4 (1) 0 0.7 (1)

Tumor (T) stage: 0.5504

– T1 3 (22) 3.3 (12) 2.7 (10)

– T2 3.1 (23) 2.4 (9) 3.8 (14)

– T3 83.9 (616) 84.5 (310) 83.4 (306)

– T4 6.6 (48) 5.7 (21) 7.4 (27)

– Tx 3.4 (25) 4.1 (15) 2.7 (10)

Node (N) stage: 0.755

– N0 76.6 (562) 76.6 (281) 76.6 (281)

– N1 18.5 (136) 18 (66) 19.1 (70)

– Nx 4.9 (36) 5.5 (20) 4.3 (16)

Metastasis (M) stage: 0.535

– M0 85 (624) 85.8 (315) 84.2 (309)

– M1 15 (110) 14.2 (52) 15.8 (58)

AFP: 0.1702

– Borderline 0.3 (2) 0.3 (1) 0.3 (1)

– Elevated 75.2 (552) 77.4 (284) 73 (268)

– Normal 11.4 (84) 9 (33) 13.9 (51)

– Unknown 13.1 (96) 13.3 (49) 12.8 (47)

Fibrosis: 0.0684

– Fibrotic 26.6 (195) 27 (99) 26.2 (96)

– None 2 (15) 0.8 (3) 3.3 (12)

– Unknown 71.4 (524) 72.2 (265) 70.6 (259)

Age, mean (SD) 63 (10.8) 63 (10.8) 62.9 (10.8) 0.9291

AFP: �-fetoprotein; NOT: Nonoperative/interventional treatment; SD: Standard deviation; TARE: Transarterial radioembolization.

Radioactive implants versus radioisotopes
Comparisons were made between these two International Classification of Disease (ICD) codes to confirm that the
study populations could be equally considered. Baseline demographics and clinical patient characteristics comparing
the two different ICD distinctions revealed only fibrosis score as a differing variable between the two groups with
a higher proportion of fibrotic patients in the radioisotopes group (Table 4). All other metrics were considered to
be statistically nonsignificant. OS was 10 months for the radioactive implants group (95% CI: 8–12 months) and
9 months for the radioisotopes group (95% CI: 8–10 months; Table 5 & Figure 6). Log-rank test between the
two groups was not statistically significant with p = 0.0815 (Figures 6 & 7). These two groups were subsequently
combined in our study.

Discussion
The utility of TARE for advanced HCC is fairly commonplace with several papers reporting good efficacy in this
treatment population [11,15,19,24,25]. A review published by Rognoni et al. [16] investigated 26 papers evaluating
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Figure 4. Kaplan–Meier overall survival analysis of advanced hepatocellular carcinoma patients treated with TARE
compared to non-Sx/interventional Tx in the matched patient population.
HR: Hazard ratio; Sx: Surgical; TARE: Transarterial radioembolization; Tx: Treatment.

studies relating to the efficacy of TARE for the treatment of advanced HCC. Through their work, they found that
the average OS for advanced HCC patients receiving TARE is approximately 12–24 months with this range cut in
half when there is main portal vein involvement (one indication of AJCC stage IV HCC). Other studies have also
supported a prognosis in this range [15,25,26].

The SEER database can be a valuable tool to study the net effects of TARE compared with patients receiving
NOT in a large patient population. The advantages of using a large population database include having adequate
power to reveal differences between therapies, performing regression analysis in a large population, having the
ability to perform propensity matched pairs while maintaining adequate power for comparison, and observing a
‘real life’ treatment population without the patient selection that occurs with RCTs [27,28]. Comparing the difference
between NOT and TARE would be difficult to do in a RCT setting because of inherent differences in the treatment
population. In addition, the NOT strategy is potentially unethical as sorafenib has effectively been established as the
standard of AJCC advanced HCC care [9]. In addition locoregional treatments are becoming more commonplace in
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Figure 5. Liver cancer-specific survival analysis of advanced hepatocellular carcinoma patients treated with TARE
compared to non-Sx/interventional Tx in the matched patient population.
HR: Hazard ratio; Sx: Surgical; TARE: Transarterial radioembolization; Tx: Treatment.

this clinical setting and are increasingly being shown to provide a survival benefit [15,25,26]. Still, large-scale studies
establishing the net benefit of TARE compared with NOT are lacking, which leaves room to further delineate the
differences in survival associated with these two treatments for advanced HCC.

Recent trials have compared TARE with sorafenib for the treatment of advanced HCC and found that both
treatments had similar efficacy with a better toxicity profile in the TARE group [1,18,19]. These studies imply
that TARE may improve survival over NOT given that sorafenib has already been proven to improve survival in
patients with advanced HCC. Our study confirmed this finding, showing a clear survival advantage for TARE
over the NOT group in the unmatched pooled cohort (9 months 95% CI: 8–11 months vs 2 months 95% CI:
2–3 months); however, this initial analysis was compromised due to inequalities between the comparison groups.
Comparing patient characteristics in the unmatched SEER population revealed that patients treated with NOT had
worse tumor staging, worse tumor grade and more patients with metastatic disease. In short, this group had more
advanced disease than the TARE group. Tumor staging and tumor grade were found to be independent prognostic
factors on regression analysis; therefore, the imbalance of the groups would be expected to skew the data favoring
TARE independent of the effects of therapy. This necessitated the propensity matching we performed to ensure
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Table 4. Baseline demographic and clinical patient characteristics comparing ‘radioisotopes’/‘radioactive implant’
subgroups only.
Characteristic Overall, % (n) Radioactive implants, % (n) Radioisotopes, % (n) p-value

Gender: 0.8894

– Female 19.1 (70) 19.4 (36) 18.8 (34)

– Male 80.9 (297) 80.6 (150) 81.2 (147)

Cancer stage: 0.6897

– Stage III 84.2 (309) 84.9 (158) 83.4 (151)

– Stage IV 15.8 (58) 15.1 (28) 16.6 (30)

Tumor grade: 0.8471

– I (well) 37.1 (52) 36.7 (29) 37.7 (23)

– II (moderately) 43.6 (61) 43 (34) 44.3 (27)

– III (poorly) 18.6 (26) 19 (15) 18 (11)

– IV (undifferentiated) 0.7 (1) 1.3 (1) 0

Tumor (T) stage: 0.0531

– T1 2.7 (10) 0.5 (1) 5 (9)

– T2 3.8 (14) 4.3 (8) 3.3 (6)

– T3 83.4 (306) 87.1 (162) 79.6 (144)

– T4 7.4 (27) 5.9 (11) 8.8 (16)

– Tx 2.7 (10) 2.2 (4) 3.3 (6)

Node (N) stage: 0.2092

– N0 76.6 (281) 76.3 (142) 76.8 (139)

– N1 19.1 (70) 21 (39) 17.1 (31)

– Nx 4.3 (16) 2.7 (5) 6.1 (11)

Metastasis (M) stage: 0.6897

– M0 84.2 (309) 84.9 (158) 84.3 (151)

– M1 15.8 (58) 15.1 (28) 16.6 (30)

AFP: 0.686

– Borderline 0.3 (1) 0.5 (1) 0

– Elevated 73 (268) 73.7 (137) 72.4 (131)

– Normal 13.9 (51) 14.5 (27) 13.3 (24)

– Unknown 12.8 (47) 11.3 (21) 14.4 (26)

Fibrosis: 0.0048

– Fibrotic 26.2 (96) 18.8 (35) 33.7 (61)

– None 3.3 (12) 3.2 (6) 3.3 (6)

– Unknown 70.6 (259) 78 (145) 63 (114)

Age, mean (SD) 62.9 (10.8) 63.1 (9.9) 62.7 (11.6) 0.7272

AFP: �-fetoprotein; SD: Standard deviation.

Table 5. Overall survival comparing ‘radioactive implants’ to ‘radioisotopes’.
Treatment OS median (months) Lower 95% confidence limit Upper 95% confidence limit

‘Radioactive implants’ 10.0 8.0 12.0

‘Radioisotopes’ 9.0 8.0 10.0

OS: Overall survival.

that the groups are evenly distributed and homogenous. After the matching process, there were no differences in
the background variables of each group.

After creating homogenous groups, the survival advantage of TARE persisted with 9 months OS for TARE and
4 months for NOT. Moreover, Cox regression analysis revealed that treatment type was an independent prognostic
factor. Given the possibility that the statistical assessment may be vulnerable when there are a high number of
noncancer related deaths, we performed an analysis looking at LCSS in the unmatched and matched cohorts. Again,
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Figure 6. Kaplan–Meier overall survival analysis of combined ‘radioisotope’ labeled and ‘radioactive implants’
labeled radioembolization patients.
HR: Hazard ratio.

there was clear LCSS advantage for TARE over NOT in both cohorts. The constellation of findings confirms the
usefulness of TARE for the treatment of advanced HCC.

Our study performed a propensity match comparing the TARE treatment against NOT and further supports
the survival benefit of TARE (HR: 1.79 [95%CI: 1.63–1.96] in the unmatched and 1.64 [95%CI: 1.4–1.93] in
the matched pool). Our results somewhat contradict those found by Gramenzi et al. who performed a propensity
matched analysis of TARE patients against matched patients who instead received the multi-tyrosine kinase inhibitor
drug sorafenib [19]. Through their univariate analysis, they found a nonstatistically significant difference between
the survival probabilities of these two treatment modalities [19]. Because our results do not further define the NOT
group, further refinement of our propensity matched control will be needed to compare results between these
studies.

Naturally, the use of the SEER database has its own limitations. First, specific variables obtained from the
SEER database were given in less than ideal formats or missing completely. For example, fibrosis and AFP are
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Figure 7. Liver cancer-specific survival analysis of combined ‘radioisotope’ labeled and ‘radioactive implants’
labeled radioembolization patients.
HR: Hazard ratio.

important prognostic variables that can be categorized continuously; however, in the SEER database, they are
presented as categorical variables. Liver fibrosis is provided only as a binary value, with ‘yes’ indicating cirrhosis
or severe fibrosis. In addition, overall performance status and liver function are not only necessary for calculating
BCLC liver stage score, but also are known prognostic factors in HCC survival; however, there is no performance
status and liver function status in the SEER database, hence the BCLC stage cannot be determined from SEER
data. Nevertheless, it is in the realm of possibility that in the advanced stage HCC setting, these variables are
distributed at random and are unlikely to be statistically disastrous. Second, there is limited information regarding a
patient’s systemic chemotherapy or immunotherapy treatment in the SEER database. Therefore the impact of these
therapies, including sorafenib, cannot be quantified. The SEER-Medicare linked data could overcome some of
these aforementioned issues, but these introduce additional limitations. These limitations include limited analysis
to Medicare-age patients, limiting overall generalizability and the number of subjects. The choice for this study
was to aim for generalizability by using the nonlinked data, including as many patients as possible, and providing
results more applicable to the general population. Additionally, because of database limitations, this study did not
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assess differences in patients treated both with TARE and sorafenib or chemotherapy to those treated by TARE
alone. Given the previously mentioned data, which show a trend toward improved survival in patients treated with
sorafenib versus TARE alone, it would be interesting to determine if the benefit observed in this study could be
attributable to sorafenib or chemotherapy, or if TARE with these therapies provides any additional survival benefit.

Conclusion
HCC continues to be a treatment dilemma as the optimal treatment for patients in a variety of stages continues to
be studied. The results of this study demonstrate that TARE improves the survival of advanced stage HCC patients
compared with those patients who were treated with NOT. This difference was found both in the unmatched and
in the propensity-matched patient population, which further supports other studies that are investigating the use
of TARE as a treatment option for patients with advanced stage HCC. While these findings are very convincing,
studies that are able to quantify the type and amount of chemotherapy administration used in a similar patient
population and prospective studies are still needed to confirm these observations.

Summary points

• Advanced hepatocellular carcinoma patients from the Surveillance, Epidemiology and End Results database were
compared in regard to overall survival and liver cancer-specific survival (LCSS) to determine the comparative
effectiveness of either transarterial radioembolization (TARE) or nonoperative/interventional treatment (NOT).

• The TARE cohort showed a significant survival advantage over NOT in the unmatched study population.

• The NOT cohort demonstrated a lower probability of LCSS compared with the TARE group.

• Propensity score matching, a method used to eliminate differences in the study population, was conducted with
the 367 TARE patients.

• In the matched cohort, TARE still outperformed NOT in both survival and LCSS.

• Comparative analysis of the demographics and survivals of radioactive implants versus radioisotopes was
conducted.

• Fibrosis was the only metric significantly different between these two study populations.

• Survival and LCSS were statistically insignificant between these two study populations.
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