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Abstract
We evaluated the post-treatment overall survival (OS) of elderly hepatocellular carcinoma (HCC) patients.
The archived records of 10,578 HCC patients registered at the Korean Central Cancer Registry from 2008 through 2014 were

retrospectively analyzed. In this registry, we selected Barcelona Clinic Liver Cancer (BCLC) 0, A, or B staged HCC patients (n=4744)
treated by surgical resection (SR), local ablation therapy (LAT), or locoregional therapy (LRT). OSs in nonelderly (<70 years) and
elderly (≥70 years) patients were compared after propensity score matching (PSM).
In BCLC 0-A staged HCC, the cumulative OS rates of elderly patients were poorer than those of nonelderly patients after PSM

(P< .001), but not in thosewith BCLC stage B (P> .05). In BCLC 0-A staged elderly patients, OS after SRwas significantly better than
after LAT (P= .005) or LRT (P< .001). In BCLC B staged elderly patients, SR achieved better OS than LRT (P= .006). Multivariable
analysis showed that LAT (hazard ratio [HR] 1.52, P= .048) or LRT (HR, 2.01, P< .001) as compared with SR, and large (>3cm)
tumor size (HR1.49, P= .018) were poor predictors of OS for elderly patients with BCLC stage 0-A, and that LRT (HR, 2.64, P= .042)
was a poor predictor for those with BCLC stage B.
SR provided a better OS rate than LAT or LRT in elderly HCC patients with BCLC stage 0–A, than LRT in those with BCLC stage B.

SR should be considered the first therapeutic option even in elderly HCC patients with these stages.

Abbreviations: AFP = Alpha-fetoprotein, BCLC = Barcelona Clinic Liver Cancer, BMI = body mass index, CI = confidence
intervals, Cr = Creatinine, CTP = Child-Turcotte-Pugh, DM = diabetes mellitus, HBV = hepatitis B virus, HCC = hepatocellular
carcinoma, HCV= hepatitis C virus, HR= hazard ratio, HTN= hypertension, INR= international normalized ratio, KASL= the Korean
Association for the study of liver, KCC = Korea Central Cancer, LAT = local ablation therapy, LRT = loco-regional therapy, LT = Liver
transplantation, MELD = model for end-stage liver disease, OS = overall survival, PSM = Propensity Score Matching, PT =
prothrombin time, RFA = Radiofrequency ablation, SR = Surgical resection, TACE = transarterial chemoembolization.
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1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
cancer and the second most common cause of cancer mortality
worldwide.[1] It has been predicted 60% of all cancers will be
detected in elderly patients.[2] The number of elderly HCC
patients has been increasing in-line with increasing average life
expectancy[3,4]; societal aging elevates the importance of health
age as well as physical age. Accordingly, a systematic approach is
required to determine which therapeutic strategy to adopt for
elderly HCC patients, and whether palliative treatment is the
better option. However, the most suitable therapeutic options for
these patients are controversial, and the management of elderly
HCC patients had become a global issue.
In general, treatments for HCC are chosen based on several

indications, such as, tumor size, number, and location, and
reserved liver function.[5–7] According to the Barcelona Clinical
Liver Cancer (BCLC) staging system for a single, small (�3)-sized
HCC, curable options, such as, surgical resection (SR), radio-
frequency ablation (RFA), or liver transplantation (LT), can be
recommended.[5] However, elderly (≥70 years) HCC patients,
even those of BCLC stage 0-A, tend to receive less-invasive
therapies, such as, RFA or transarterial chemoembolization
(TACE),[8] possibly because of concerns about lack of survival
gain after surgery or a lack of clinical evidence concerning
treatment outcomes. Recently, it was reported that SR is safe in
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elderly patients,[9–13] but appropriate treatment options for elderly
HCC patients have not been clarified. Furthermore, few studies
have compared treatment outcomes or thoroughly analyzed
effective treatment options in elderly HCC patients. Given that
means of providing effective treatment to elderly patients are
becoming increasingly important, researchon this topic is essential.
Therefore, we conducted a nationwide cancer registry-based

cohort study to evaluate the effectiveness of treatment options in
elderly HCC patients with BCLC stage 0, A or B using the
database of the Korea Central Cancer Registry (KCCR) in South
Korea. Survival outcomes of elderly (≥70 years) HCC patients
were evaluated with respect to treatment type, classified as, SR,
local ablation therapy (LAT), or locoregional therapy (LRT), and
compared with those of nonelderly (<70 years) patients.
Propensity score matching (PSM) was used to adjust for
differences between the 2 age groups.
2. Materials and methods

2.1. Extraction of database

A nationwide cancer registry called the Korea Central Cancer
Registry (KCCR) was established by the Ministry of Health and
Welfare, South Korea in 1980. HCC patients were abstracted
from the KCCR registry using C22.0 as defined by the
International Classification of Disease 10th edition (ICD-10)
coding system. The National Cancer Center and Korean Liver
Cancer Study group have systemically organized the KCCR
database annually from establishment using the random sample
2008-2014 HCC KCC reg
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audit method.We initially investigated the clinical data of 83,231
patients registered in the KCCR during the period 2008 to 2014.
Of these, 10,811 (13%) patient records, which contained an
additional 3% considering sample errors, were randomly
abstracted. Thus, clinical data of 10,578 HCC patients were
finally considered for inclusion in this study.
Mortality data were obtained from the Korean National

Statistics Office (KNSO), and initial treatment dates were
determined using KCCR records. For survival analysis, follow-
up durations were calculated from date of initial treatment to date
of death or to December 31, 2016. The study was approved by the
Institutional Review Board of Inha University Hospital, Incheon,
South Korea (Approval number: INHAUH 2018-09-003-001).
2.2. Study subjects

A schematic flowsheet of study subjects is provided in Figure 1. Of
the 10,578 patients, those with incomplete data for BCLC stage
(n=1196) or with an age of <18 years (n=6) were excluded. Of
the remaining 9376 patients, those with BCLC stage C (n=3397)
or D (n=662), and those who received LT (n=52) or
chemotherapy, radiotherapy, or sorafenib therapy (n=72) were
excluded. In addition, patients with no data for treatment type or
follow-up loss (n=449) were also excluded. Finally, the data of
4744patientswithBCLC0,A,orB stagedHCCpatients treatedby
SR, LAT, or LRTwere analyzed in this retrospective cohort study.
Of these 4744 patients, 601, 3309, and 834 had BCLC 0, A,

and B staged HCCs, respectively. In 3309 patients with BCLC A
istry 

 
Exclusions) 
1.  Incomplete data for BCLC stage (n=1,196) 
2. Age <18 years (n=6) 
 

)  

Multiple HCC 
(n=573, 17.3%) 

 
BCLC stage B 
(n=834, 17.6%) 

  

Exclusions) 
1. BCLC stage C (n=3,397) or D (n=662)  
2. LT (n=52) 
3. Other treatment (CTx, RTx, or Sorafenib) (n=72) 
4. No treatment & follow up loss (n=449) 

Palliative treatment 

=4744). BCLC= , HCC= , KCC= , LT= .



Table 1

Baseline clinical characteristics of total study subjects.

Variables
(n=4744)

Nonelderly
(<70 y)

(n=3766, 79.4%)

Elderly
(≥70 y)

(n=978, 20.6%) P
∗
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staged HCC, 1651 and 1085 patients had a solitary HCC with 3
cm and>3cm in tumor size, respectively, and 573 patients had 2
or 3 numbered HCCs with �3cm (Fig. 1). In this study, LAT
included RFA or percutaneous ethanol injection, and LRT
included TACE or transarterial chemoinfusion.
Age, y† 56 (18–69) 75 (70–91) <.001
Male sex, n (%) 301 (80.0) 642 (65.6) <.001
BMI, kg/m2† 24.2 (13.3–40.0) 23.8 (11.8–40.6) <.001
Smoking (pack/year) 25.5 (0.1–200) 31.9 (0.06–120) <.001
Hypertension, n (%) 1097 (29.1) 531 (54.3) <.001
Diabetes, n (%) 848 (22.5) 331 (33.8) <.001
Cause of HCC, n (%) <.001‡

Hepatitis B 2676 (71.1) 249 (25.5)
Hepatitis C 313 (8.3) 257 (26.3)
Hepatitis B+C 50 (1.3) 4 (0.4)
Alcohol 349 (9.3) 180 (18.4)
Unknown 378 (10.0) 288 (29.4)

Albumin, g/dL† 4.0 (0.5–5.6) 3.8 (1.7–5.1) <.001
Bilirubin, mg/dL 1.1 (0.09–26.7) 1.0 (0.1–13.3) .001
PT, INR† 1.1 (0.1–71.7) 1.1 (0.23–9.51) .422
Cr, mg/dL† 1.0 (0.2–16.1) 1.0 (0.29–13.4) .457
Na, mEq/L† 139.6 (100–160) 139.0 (100–157) <.001
Total cholesterol, mg/dL† 160.3 (24–537) 149 (66–462) <.001
AFP, ng/dL† 1882.8 (0.44–481,276) 946.6 (0.6–138780) .071
CTP class, n (%) .189
A 3326 (88.3) 845 (86.4)
B 440 (11.7) 133 (13.6)

MELD score† 8.8 (6–58) 8.8 (6–33) .766
MELD-Na† 9.8 (6–56) 10.2 (6–34) .009
Number of tumor, n (%) .790
Solitary 2714 (72.1) 709 (72.5)
Multiple 1052 (27.9) 269 (27.5)

Tumor size, n (%) <.001
<2cm 1191 (31.6) 245 (25.1)

2cm�Tumor�3cm 1228 (22.6) 300 (30.7)
>3cm 1347 (35.8) 433 (44.3)

BCLC stages, n (%) .006
0 506 (13.4) 95 (9.7)
A 2612 (69.4) 697 (71.3)
B 648 (17.2) 186 (19.0)

Treatment type, n (%) <.001
Surgical resection 1242 (33.0) 166 (17.0)
Local ablation therapy 698 (18.5) 187 (19.1)
Locoregional therapy 1826 (48.5) 625 (63.9)

Follow-up duration, mo† 50.7 (0.1–107.8) 39.9 (0.1–107.5) <.001

AFP= alpha-fetoprotein, BCLC=Barcelona Clinic Liver Cancer, BMI=body mass index, Cr=
creatinine, CTP=Child-Turcotte-Pugh, HCC=HEPATOCELLULAR carcinoma, INR= international
normalized ratio, MELD=model for end-stage liver disease, PT=prothrombin.
∗
P values were calculated using the t test, the x2 test, or Fisher exact test.

†Median (range).
‡ Fisher exact test.
2.3. Statistical analyses

The primary study endpoint was overall survival (OS) rate in
elderly or nonelderlyHCCpatients. The secondary endpointswere
the OS differences and OS-related factors according to the
treatment methods selected for HCCpatients and the BCLC stage.
Using the KCCR database, we acquired the following

variables: age, sex, weight and height, smoking history,
comorbidity of hypertension (HTN) or diabetes mellitus (DM),
HCC etiology, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), albumin, total bilirubin, prothrombin
time (PT), serum sodium (Na), creatinine, total cholesterol,
alpha-fetoprotein (AFP), Child-Turcotte-Pugh (CTP) class,
model for end-stage liver disease (MELD) scores, MELD-sodium
(MELD-Na) scores, tumor numbers and sizes, BCLC stages, and
treatment types. We investigated whether relationships existed
between these factors and primary and secondary outcomes.
Clinical characteristics of study subjects and HCCs are

expressed as medians (ranges) for continuous variables, and
numbers (percentages) for categorical variables. Differences
between categorical or continuous variables were analyzed using
the Student t test, the x2 test, or Fisher exact test.
To investigate the association between treatment selection and

clinical outcomes for an observational, nonrandomized study, we
performed PSM) analysis to reduce imbalance in distributions of
demographic and clinical characteristics in two patients groups,
that is, nonelderly (<70 years’ old) and elderly (≥70 years’ old)
patients. Given that the characteristics and prognosis of HCC are
generally different between BCLC stage 0–A and stage B, patients
with these BCLC stages were separately matched and analyzed.
Propensity scores for the 2 age groups were estimated in the
multiple logistic regression model of demographic and clinical
variables, such as, sex, body mass index (BMI), smoking, HTN,
DM, cause of underlying liver disease (chronic hepatitis B, chronic
hepatitis C, alcohol, unknown), serum albumin, serum total
bilirubin, PT (international normalized ratio), serum creatinine,
serum sodium, AFP level, CTP class,MELD score, tumor number,
tumor size, and BCLC stage. PSM was implemented using the 1:1
nearest algorithm with a caliper width of 0.03 multiplied by the
standard deviation of values. PSManalysis was performed using R
software v. 3.5.0 (https://www.r-project.org/, ‘MatchIt’ package).
Post-treatmentOS rates were estimated using the Kaplan–Meier

method.Differences between groupOS curves among groupswere
tested using the log-rank test. Cox proportional hazards models
were used to estimate hazard ratios (HR) and 95% confidence
intervals (CI) for mortality. Two-tailed P values of <.05 were
considered statistically significant. P values were corrected by the
Bonferroni method for multiple comparisons. The statistical
analysis was performed using SPSS v19.0 (SPSS Inc, Chicago, IL).
3. Results

3.1. Baseline characteristics

Baseline clinical characteristics of nonelderly and elderly patients
are provided in Table 1. Of the 4744 study patients, about one-
3

fifth (n=978, 20.6%) were elderly patients. The median ages of
elderly and nonelderly patients were 75 (range, 70–91 years) and
56 years (range, 18–69 years), respectively. The proportion of
males was smaller in the elderly group than (65.6% vs 80.0%,
P< .001), and percentages of patients with accompanying DM
(33.8%vs 22.5%, P< .001) orHTN (54.3%vs 29.1%, P< .001)
were also greater in the elderly group. Remnant liver function,
such as, CTP class, was not significantly different between the 2
age groups (P= .189).
In terms of HCC etiology, the frequency of hepatitis C virus

(HCV) infection (26.3% vs. 8.3%, P< .001) was greater in
elderly patients, but the frequency of hepatitis B virus (HBV)
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Table 2

Baseline clinical characteristics of BCLC 0–A patients who underwent either surgical resection or local ablation therapy or locoregional
therapy, after propensity score matching analysis.

Variables (n=1210) Nonelderly (<70 y) (n=605) Elderly (≥70 y) (n=605) P
∗

Age, y† 58.9 (27–69) 74.3 (70–91) <.001
Male sex, n (%) 403 (66.6) 411 (67.9) .624
BMI, kg/m2† 23.9 (15.9–33.4) 23.8 (15.4–35.6) .983
Smoking (pack/year)† 9.1 (0.1–200) 8.6 (0.1–120) .192
Hypertension, n (%) 315 (52.1) 312 (51.6) .863
Diabetes, n (%) 211 (34.9) 199 (32.9) .466
Cause of HCC, n (%) .935‡

Hepatitis B 179 (29.6) 186 (30.7)
Hepatitis C 141 (23.3) 134 (22.1)
Hepatitis B+C 6 (1.0) 4 (0.7)
Alcohol 113 (18.7) 110 (18.2)
Unknown 166 (27.4) 171 (28.3)

Albumin, g/dL† 3.8 (0.9–5.2) 3.8 (1.7–5.1) .573
Bilirubin, mg/dL† 1.0 (0.09–5.3) 1.0 (0.1–13.3) .979
PT, INR† 1.1 (0.1–1.77) 1.1 (0.8–1.75) .572
Cr, mg/dL† 1.0 (0.2–13.5) 0.99 (0.4–8.5) .643
Na, mEq/L† 139.3 (100–148) 139.2 (100–148) .494
Total cholesterol, mg/dL† 128.3 (28–308) 123.8 (66–462) .378
AFP, ng/dL† 1110.5 (0.1–239115) 821.9 (0.1–138780) .513
CTP class, n (%) .316
A 516 (85.3) 528 (87.3)
B 89 (14.7) 77 (12.7)

MELD score† 8.8 (6–34) 8.9 (6–33) .888
MELD-Na† 10.0 (6–34) 10.2 (6–34) .500
Number of tumor, n (%) .373
Solitary 510 (84.3) 521 (86.1)
Multiple 95 (15.7) 84 (13.9)

Tumor size, n (%) .178
<2cm 203 (33.5) 187 (30.9)
2 cm�Tumor�3cm 225 (37.2) 211 (34.9)
>3cm 177 (29.3) 207 (34.2)

BCLC stages, n (%) .493
0 82 (13.6) 74 (12.2)
A 523 (86.4) 531 (87.8)

AFP=alpha-fetoprotein, BCLC=Barcelona Clinic Liver Cancer, BMI=body mass index, Cr= creatinine, CTP=Child-Turcotte-Pugh, HCC=hepatocellular carcinoma, INR= international normalized ratio,
MELD=model for end-stage liver disease, PT=prothrombin.
∗
P values were calculated using the t test, the x2 test, or the Fisher exact test.

†Median (range).
‡ Fisher exact test.
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infection (25.4% vs 71.1%, P< .001) and alcohol consumption
(0.4% vs 9.3%, P< .001) were higher in nonelderly patients
(Table 1). In terms of tumor features, no significant intergroup
difference was found between solitary HCC rates in the 2 groups
(P= .790). However, a greater proportion of elderly patients had
a tumor of ≥2cm (75.0% vs 68.4%, P< .001). The percentage of
patients treated by SR was lower for elderly patients (17.0% vs.
33.0%), but the percentage of patients treated by LAT or LRT
(63.9% vs 48.5%) was higher (P< .001) (Table 1). Similar results
for the percentage of elderly patients treated by SR were obtained
when separately analyzed in BCLC stage 0 (P= .012) and A
(P< .001), but not in BCLC stage B (P= .336) (Supplementary
Table 1, http://links.lww.com/MD/D128).
3.2. OS rates of HCC patients according to age before
and after PSM

After PSM, 1210 HCC patients with BCLC stage 0-A were
allocated equally to nonelderly and elderly groups (Table 2), and
similarly, 272 patients with BCLC stage B were allocated to
4

nonelderly and elderly groups (Supplementary Table 2, http://
links.lww.com/MD/D128). The 1-, 3-, and 5- year cumulative OS
rates of elderly patients with BCLC stage 0-A were significantly
lower than those of nonelderly patients before PSM (P< .001)
(Fig. 2A) and after PSM (86.4%, 59.6%, and 43.9% vs. 90.7%,
74.7%, and 63.8%, respectively, p<0.001) (Fig. 2C). However,
the 1-, 3-, and 5- year cumulative OS rates were not significantly
different between non-elderly and elderly patients with BCLC
stage B before (p=0.070) (Fig. 2B), or after PSM (76.5%, 46.8%,
and 28.5% vs. 77.9%, 46.8%, and 37.1%, respectively,
p<0.448) (Fig. 2D).
When patients with BCLC stages 0 or A were analyzed

separately (Supplementary Figure 1, http://links.lww.com/MD/
D128), cumulative OS rates were significantly lower for elderly
than nonelderly patients before PSM (P values for all <.05)
(Supplementary Figures 2A and 2B, http://links.lww.com/MD/
D128). However, after PSM for HCC patients with BCLC stage
0, cumulative OS rates were not significantly different between
elderly and nonelderly patients despite the tendency (P= .074)
(Supplementary Figure 2C, http://links.lww.com/MD/D128),
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Figure 2. Cumulative overall survival rates of patients with Barcelona Clinic Liver Cancer (BCLC) stages 0–A and B according to patient age. (A) and (C) Showed
cumulative OS rates of patients with BCLC stage 0–A before (n=3910) and after (n=1210) propensity score matching (PSM), respectively. (B) and (D) Showed
cumulative OS rates of patients with BCLC stage B before (n=834) and after (n=272) PSM, respectively.
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unlike for those with BCLC stage A (P< .001) (Supplementary
Figure 2D, http://links.lww.com/MD/D128).
3.3. OS rates of HCC patients with BCLC stage 0-A by
treatment type

In HCC patients with BCLC stage 0-A, the cumulative OSs were
significantly better in SR, LAT, and LRT order both in elderly (P
value for all <.05) and nonelderly patients (P value for all <.05),
regardless of PSM (Fig. 3A and D). Furthermore, similar results
were obtained for tumors of�3cm and>3cm (Fig. 3B, C, E, and
F). Elderly patients had lower OSs than nonelderly patients after
SR, LAT, or LRT, regardless of PSM (Fig. 3A and D). However,
elderly and non-elderly patients treated by SR for tumor(s)�3cm
had similar OS rates after PSM (P= .575), but significantly
different OS rates before PSM (P= .002) (Fig. 3B and E).
However, elderly and nonelderly patients with BCLC 0-A
staged HCC that underwent SR for tumor(s) >3cm had
significant different OSs, regardless of PSM (all P values <.05)
(Fig. 3C and F).
5

3.4. OS rates of HCC patients by BCLC stage according
to age and treatment type

We analyzed patients with BCLC stage 0 and A separately after
PSM (Supplementary Figure 1, http://links.lww.com/MD/D128).
Between elderly and nonelderly HCCpatients with BCLC stage 0,
the OSs of SR and LAT were not significantly different (P> .05)
(Fig. 4A). Furthermore, OSs of these 2 treatment types were not
significantly different for elderly patients with BCLC stage 0
(P> .05), and SR and LAT provided better survival rates than
LRT, respectively (P< .05) (Fig. 4A). For HCC patients with
BCLC stage A, cumulative OSs were significantly better in SR,
LAT, and LRT order both in elderly and nonelderly patients (P
values for all <.05), but were not significantly different between
LAT and LRT in elderly patients (P= .058) (Fig. 4B).
For HCC patients with solitary BCLC stage A (Fig. 4C and

4D), OSs were not different between elderly and nonelderly
patients who underwent SR for a tumor of�3cm in size (P> .05)
(Fig. 4C), but OSs were lower in elderly patients than nonelderly
patients for tumor of >3cm in size (P= .006) (Fig. 4D). In

http://links.lww.com/MD/D128
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Figure 3. Cumulative overall survival rates of patients with Barcelona Clinic Liver Cancer (BCLC) stage 0–A with a tumor size of �3cm or >3cm according to age
and treatment type. (A) and (D) Showed overall survival (OS) in patients with BCLC stage 0–A before (n=3910) and after (n=1210) propensity score matching
(PSM), respectively. (B) and (E) Showed OS in patients with BCLC 0–A staged hepatocellular carcinoma (HCC) of �3cm in tumor size before (n=2825) and after
PSM (n=826), respectively. (C) and (F) Showed OS in patients with BCLC 0–A staged HCC of >3cm in tumor size before (n=1085) and after PSM (n=384),
respectively. LAT= local ablation therapy, LRT= locoregional therapy, SR=surgical resection.
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addition, SR showed better OS rates than LRT, regardless of
tumor size (�3cm or>3cm), even in elderly patients (Fig. 4C and
4D). However, for BCLC A staged elderly patients with multiple
HCCs (Fig. 4E), no significant difference was observed between
the OSs of different treatment types.
Subgroup analysis of patients with solitary BCLC A staged

HCC of <2cm or 2 to 3cm (Supplementary Figures 1 and 3,
http://links.lww.com/MD/D128) showed OSs were not signifi-
cantly different between elderly and nonelderly patients that
underwent SR (P> .05). For these elderly patients, SR and LAT
had better OSs than LRT, respectively (P< .05) (Supplementary
Figures 3A and 3B, http://links.lww.com/MD/D128). However,
the OSs of SR and LAT were significantly different in elderly and
nonelderly patients with a<2cm sized solitary HCC, respectively
(Supplementary Figure 3A, http://links.lww.com/MD/D128), but
SR had a better OS than LAT in elderly and nonelderly patients
with a 2 to 3cm sized solitary HCC, respectively (Supplementary
Figure 3B, http://links.lww.com/MD/D128).
For elderly and nonelderly patients with BCLC stage B, OSs of

SR (P= .814) and LRT (P= .576) were not significantly different.
However, SR had a better OS than LRT in elderly patients
(P= .006) (Fig. 4F).
3.5. Significant predictors of OS in elderly HCC patients

In elderly patients with BCLC stage 0-A (n=792), multivariable
analysis showed that age (hazard ratio [HR] 1.03, P= .008), BMI
6

(HR 0.98, P= .006), serum albumin level (HR 0.58, P< .001), a
tumor size>3cm (HR 1.49, P= .018) (as compared with a tumor
size of <2cm), LAT (HR 1.52, P= .048) or LRT (HR 2.01,
P< .001) as compared with SR were poor predictors of OS
(Table 3). In elderly patients with BCLC stage B (n=186),
multivariable analysis showed that LRT (HR 2.64, P= .042) as
compared with SR was a poor predictor of OS, and that multiple
tumors (HR 2.64, P= .072) tended to indicate a poor prognosis
as compared with solitary tumor (Supplementary Table 3, http://
links.lww.com/MD/D128).
4. Discussion

In this large-scaled study, we found that the OS rate of elderly
patients (≥70 years) with BCLC A staged HCC was lower than
that of nonelderly patients (�70 years), regardless of PSM.
However, no significant difference was found between the OSs of
elderly and nonelderly patients with BCLC stage 0 or B, after
PSM. As was expected, elderly patients underwent less-invasive
treatments than nonelderly patients. However, interestingly, SR
was observed to have better OS rates than LRT in elderly patients
with BCLC stage 0, A, and B, respectively, even in those with
solitary BCLC stage A, regardless of tumor size (<2cm, 2–3cm,
or >3cm), after PSM. Furthermore, multivariable analyses
showed that SR was a better prognostic factor of OS than LRT in
elderly patients with BCLC stage 0-A and B, respectively. The
main strength of the present study is that results were derived by a
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Figure 4. Cumulative overall survival rates of patients with Barcelona Clinic Liver Cancer (BCLC) stages 0, A, and B according to age and treatment type after
propensity score matching. (A) and (B) Showed overall survival (OS) of patients with BCLC stage 0 (n=156) and A (n=1054), respectively. (C) and (D) ShowedOS of
patients with BCLC A staged solitary hepatocellular carcinoma (HCC) with �3cm in tumor size (n=491) and with >3cm in tumor size (n=384), respectively. (E)
Showed OS of patients with BCLC A staged multiple HCCs (n=179) and (F) showed OS in patients with BCLC stage B (n=272). LAT= local ablation therapy,
LRT= locoregional therapy, SR=surgical resection.
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comprehensive analysis, which included PSM of a considerable
amount of data obtained by random sample audit in a nationwide
database. Furthermore, mortality data were obtained from the
KNSO, and thus, is likely to be more accurate than data used in
previous studies.
The phenomenon of population agingmeans that clinicians are

being more frequently presented with elderly HCC patients with
age of ≥70 , and the number of them has been increasing.[14–16]

According to a report of statistics of South Korea in 2017, our
country has already become an aging society as the rate of the
population aged >70 years was 8.2% and the average life
expectancy has reached about 80.5 years. Therefore, we used 70
years as the cutoff value to divide the patients into the elderly and
younger to clarify the characteristics of older HCC patients,
considering the population structure owing to aging or the
increase in elderly HCC patients. Until now, elderly patients, even
those with BCLC 0-A staged HCC, tend to be administered
palliative treatments, such as, TACE, because it is less invasive
than SR.[8] In this study, we also found elderly patients received
LRTmore frequently than SR.We ascribed this situation to a lack
of sufficient evidence-based studies on survival rates by treatment
methods and tumor stage, and because post-treatment follow-up
for them continuously is more difficult. Thus, in our opinion,
elderly HCC patients require more attention, especially with
regard to effective management and survival.
Recently, several studies have reported that elderly patients

with HCC have survival rates similar to those of nonelderly
patients,[8,11,17] but, these studies were limited by single-center
7

designs,[11,16] small subjects numbers,[8,11,17] short follow-up
durations,[8,11,17] and no assessment of survival rates by age at
each BCLC stage.[8,11,17] The other recent study reported that the
OS rate of elderly patients was similar to that of nonelderly
patients at the same tumor stage,[8] but patients with BCLC stage
0 or A were not analyzed separately, and no comparisons were
made by age combined with treatment type at each tumor
stage.[18] The other previous study also reported OSs were not
different between elderly and noelderly patients who received
same treatments,[17] but survival outcomes among treatment
types, such as, SR, RFA, and TACE in each tumor stage were not
evaluated in elderly HCC patients. Interestingly, we found the OS
rate of elderly patients with BCLC stage 0-A was lower than that
of non-elderly patients, regardless of PSM. Furthermore, when
we performed the analysis for different BCLC stages, the OS rates
of elderly and nonelderly patients were found to differ
significantly for BCLC stage A, but not for BCLC stage 0 or
B. This finding probably explains discrepancies between studies,
as the previous studies did not compare the OS by each BCLC
stage. Furthermore, it appears to be more reasonable that OSs of
HCC patients be analyzed at each BCLC stage, owing to the
relation between stage and prognosis. Notably, the present study
has several strengths as compared with the previous stud-
ies.[8,11,17,18] First, it has more statistical power because of the
large number of elderly patients with BCLC 0-B staged HCC
enrolled. Second, accurate mortality data were obtained from the
KNSO, and thus, the median post-treatment follow-up duration
was around 40 months. Third, selection bias was minimized
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Table 3

Significant predictors of overall survival of in old age (≥70) HCC patients with BCLC 0-A.

Univariable analysis Multivariable analysis

Variables (n=792) HR (95% CI) P HR (95% CI) P

Age, y 1.05 (1.03–1.08) <.001 1.03 (1.01–1.06) .008
Male sex 0.99 (0.82–1.19) .893
BMI, kg/m2 0.97 (0.96–0.98) <.001 0.98 (0.97–1.00) .006
Smoking (pack/year) 1.00 (0.99–1.00) .562
Diabetes, presence 1.13 (0.94–1.37) .196
Hypertension, presence 0.84 (0.71–1.01) .065
Albumin, g/dL 0.42 (0.36–0.49) <.001 0.58 (0.47–0.71) <.001
Bilirubin, mg/dL 1.18 (1.11–1.26) <.001 1.06 (0.97–1.16) .199
PT (INR) 4.97 (2.64–9.36) <.001 0.62 (0.31–1.25) .179
Creatinine, mg/dL 1.30 (1.14–1.48) <.001 1.06 (0.87–1.29) .561
Na, mEq/L 1.00 (0.99–1.00) .505
AFP, ng/dL 1.00 (1.00–1.01) .688
CTP class
A 1
B 3.04 (2.42–3.81) <.001 1.37 (0.97–1.93) .076

MELD score 1.11 (1.09–1.14) <.001 1.01 (0.95–1.08) .729
MELD Na score 1.09 (1.07–1.11) <.001 1.03 (0.99–1.07) .139
HCC etiology
Hepatitis B 1
Hepatitis C 1.27 (0.99–1.63) .260
Alcohol 1.20 (0.89–1.60) .912
Hepatitis B+C 0.86 (0.21–3.48) 1
Unknown 1.22 (0.96–1.56) .440

Number of tumor
Solitary 1
Multiple 1.30 (1.01–1.68) .040 1.15 (0.87–1.52) .342

Tumor size, cm
<2 1
2�Tumor�3 1.17 (0.93–1.50) .344
>3 1.35 (1.08–1.70) .018 1.49 (1.11–2.01) .018

Treatment type
SR 1
LAT 1.5 (1.12–2.24) .018 1.52 (1.06–2.19) .048
LRT 2.67 (1.98–3.61) <.001 2.01 (1.47–2.76) <.001

BCLC stages
0 1
A 1.72 (1.27–2.33) <.001 1.10 (0.75–1.62) .623 (.671)

AFP=alpha-fetoprotein, BCLC=barcelona clinic liver cancer, BMI=body mass index, Cr= creatinine, CTP=Child-Turcotte-Pugh, DM=diabetes mellitus, HBV=hepatitis B virus, HCC=hepatocellular
carcinoma, HCV=hepatitis C virus, HTN=hypertension, INR= international normalized ratio, LAT= local ablation therapy, LRT= locoregional therapy, MELD=Model for end-stage liver disease, PT=
prothrombin, SR= surgical resection.
Subjects: n=792, event: death (n=475), P value corrected by Bonferroni adjustment for multiple comparisons.
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despite the retrospective study design because study subjects were
enrolled by random audit from KCCR database, and further-
more, the analysis was conducted using PSM and multivariable
analysis. Fourth, survival rates of elderly patients were
comprehensively assessed by age and treatment types for each
BCLC stage. In particular, patients with BCLC stage A were
analyzed in more detail with respect to tumor number and size.
These strengths of the present study indicate its results are more
reliable than those of the previous studies.
The prognoses of HCC patients that receive curative treatment

are better than those of patients that receive palliative treatment,
and BCLC 0-A staged HCC patients are a good candidate for
curative-intent treatments, such as, LT, SR, or RFA. In a previous
study,[8] elderly patients with BCLC stage 0-A were reported to
have survival outcomes similar to those of nonelderly patients,
which may have been caused by similar proportions of curative
treatments (SR or RFA) for elderly and nonelderly patients.[8]
8

However, in the present study, elderly patients with BCLC stage
0-A staged HCC had poorer survival outcomes than nonelderly
patients. In addition, when proportions of treatment types were
analyzed at BCLC stage 0 and A, respectively, the SR proportion
was found to be very low in BCLC stage 0, and to increase slightly
in BCLC stage A. Interestingly, in elderly patients with BCLC
stage 0 or A with a tumor size of �3cm, we found OS rates
decreased in the order of SR, LAT, and LRT, which was not
observed in nonelderly patients. Furthermore, SR produced
better OS rates than LAT or LRT both in elderly and nonelderly
patients with BCLC stage 0 or A stages, and multivariable
analysis showed SR was a good predictor for OS in elderly
patients with these stages. These findings suggest that survival
difference between elderly and nonelderly patients with BCLC
stage 0 or Amay depend on howmany patients received curative-
intent SR. However, in the present study, elderly patients with
these stages were mainly treated by LAT or LRT rather than SR,
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especially in those with BCLC stage 0, which suggests that elderly
patients are being treated using less risky rather than more
effective treatment methods. Taken together, our findings
indicate that even in elderly HCC patients with BCLC stage 0-
A, curative-intent SR needs to be considered as the preferred
treatment option.
Previous studies have also concluded SR is effective even in

elderly HCC patients.[9,11,13,17] Although elderly patients are
more likely to experience complications after surgery, previous
studies have reported no significant difference between elderly
and nonelderly patients in terms of the incidence of postoperative
complications or hospitalization stay after surgery.[9,10,19,20]

Although we did not assess post-treatment complications because
they were not detailed in KCCR database, SR may be safely
applied to elderly patients with good performance status or well-
preserved liver function based on the results of these previous
studies.[9,10,19,20] In fact, in the present study, reserved liver
function was good in most BCLC 0-A staged patients.
Furthermore, although DM and HTN were more common in
elderly patients, multivariable analysis showed they were not
significant predictors of OS. These observations suggest that
chronological age per se does not contraindicate SR, in elderly
HCC patients, and that the performance status and physiological
age are more important.
With regard to the definition of BCLC B staged HCC, we

defined it as multinodular HCC base on the recently issued
clinical practice guidelines for HCCmanagement.[6,21] Generally,
TACE is the standard therapy for patients with BCLC stage B,
and in the present study, the majority of these patients received
TACE. Until recently, TACE indications for BCLC stage B were
based on the results of studies that compared TACE with
conservative treatments,[21–24] but not with SR. In the present
study, SR was associated with better survival outcome than
TACE regardless of age in BCLC B staged HCC patients. Recent
studies also support our results by reporting SR provides the
greater long-term OS than TACE in BCLC stage.[25–27] Another
studies reported the safeties of SR and TACE are comparable for
this staged patients.[28,29] Therefore, despite the relatively small
number of elderly patients with SR in BCLC stage B, our results
suggest SR needs to be recommended even to those patients, if
they are good surgical candidates. Moreover, given the small
proportion of BCLC stage B patients who underwent SR and the
absence of data for elderly patients with this stage, we believe
the present study provides a reasonable basis for future
prospective studies.
In the present study, elderly patients with HCC had lower

BMIs, a higher HCV infection rate, and larger tumors, and a
higher proportion of women than nonelderly patients. In elderly
patients, lower BMIs are largely explained by age-associated
muscle and bone density decreases, and the higher proportion of
women by longer life expectancies of female, as have been
previously reported.[8,29,30] Furthermore, HCV infection is a
more common cause of HCC in elderly patients despite the
endemic nature of HBV in South Korea. This observation was
alsomade in a recent study,[18] and is probably explained byHBV
infection via vertical transmission during the perinatal period,
and the higher risk of HBV-associated HCC even in the absence
of LC.[22] Second, most HCV is infected through blood
transmission at a later life rather thanHBV, andHCV-associated
HCC risk usually increases slowly in the background of LC.[22]

Thus, mean age of onset of HCV-related HCC may be greater
than that of HBV-related HCC. In terms of tumor size, elderly
9

patients may be insensitive to clinical symptoms, and the
majority are not eligible for workplace health screening
because of retirement from work. Therefore, HCC diagnosis
may be delayed in them and their tumor sizes may be large. In
fact, in the present study, HCC stage tended to bemore advanced
in elderly patients than nonelderly patients, which indicates the
importance of early screening for HCC nationwide, even in
elderly patients.
Some limitations of the present study warrant consideration.

First, we could not completely eliminate inherent selection bias
associated with the retrospective study design. However, we tried
to minimize potential confounding factors using the random
sampling audit method and a large-scale nationwide cancer
registry, and by performing PSM and multivariable analysis.
Moreover, to our knowledgement, this is the first large-scale
study to evaluate and compare the OS of elderly and nonelderly
HCC patients with respect to treatment types for each BCLC
stage 0, A, and B. Second, we could not evaluate the effects of all
comorbidities on survival of elderly patients because of the
insufficient data for patient’s comorbidity in KCCR database.
However, a medical history of DM orHTN, and smoking history
were analyzed, but not found to predict OS. Nonetheless, elderly
patient’s comorbidity, such as, heart or cerebrovascular disease
and lung or thyroid disease, needs to be considered in the future
randomized controlled study. Third, unfortunately, post-treat-
ment complications could not be evaluated in this study because
they are not included in the KCCR database. However,
comorbidities and liver functions were adjusted using PSM,
and remnant liver function in most of the enrolled patients was as
good as CTP class A, and MELD or MELD-Na score was also
satisfactory, which suggested post-treatment complications may
not be different in between elderly and nonelderly patients.
Fourth, we did not evaluate the effects of chemotherapy or
sorafenib therapy. However, because of the small number of
them in patients with BCLC stage 0-B, it may be meaningless to
evaluate them in these stages. Furthermore, the survival outcomes
of patients with BCLC stage C or D were not compared, because
SR and RFA are not generally recommended for these stages
according to the current HCC treatment guidelines.[5–7] In
addition, LT was not assessed because advanced age has been
regarded as a relative contraindication for LT,[31] and no elderly
patients in the KCCR database received LT.
In conclusion, in this large-scale nationwide cancer registry-

based study, we found that OS rate was significantly lower in
elderly HCC patients than in nonelderly patients with BCLC
stage 0-A after PSM. However, when we performed the analysis
on patients with BCLC stage 0 and A, respectively, OSs were not
found to be significantly different between elderly and nonelderly
patients with BCLC stage 0, but to be significantly different
between those with BCLC stage A. In elderly HCC patients with
BCLC stage 0-A, SR provided better OS rates than LAT or LRT,
and in those with BCLC stage B, SR produced a better OS rate
than LRT. Therefore, our results show SR is an effective
treatment option that provides survival benefit for elderly HCC
patients with BCLC stages 0-A and B, and suggest that SR be
considered the first therapeutic option even in elderly HCC
patients with these stages.
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