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Overall Survival Rates Become Similar Between Percutaneous 
Ablation and Hepatic Resection With Increasing Age Among 

Elderly Patients With Early Hepatocellular Carcinoma

Hong Liang Zoua, e, Hui Tangb, e, Chao Ana, e, Lu Jun Shena, e, Ji Bin Lic,  
Wan Yee Laud, Yi Quan Jianga, b, f, Jin Hua Huanga, f

Abstract

Background: This study aimed to investigate the efficacy and safety 
of percutaneous ablation versus hepatectomy in an elderly population 
with hepatocellular carcinoma (HCC).

Methods: Retrospective data on patients aged ≥ 65 years with very-
early/early stages of HCC (≤ 50 mm) were obtained from three cent-
ers in China. Inverse probability of treatment weighting analysis was 
performed after stratifying the patients by age (65 - 69, 70 - 74 and 
≥ 75 years).

Results: Of the 1,145 patients, 561 and 584 underwent resection and 
ablation, respectively. For patients aged 65 - 69 and 70 - 74 years, 
resection resulted in significantly better overall survival (OS) than 
ablation (age 65 - 69, P < 0.001, hazard ratio (HR) = 0.27; age 70 - 74, 
P = 0.012, HR = 0.64). However, in patients aged ≥ 75 years, resec-
tion and ablation resulted in a similar OS (P = 0.44, HR = 0.84). An 
interactive effect existed between treatment and age (effect of treat-
ment on OS, age 65 - 69 as the reference, for age 70 - 74, P = 0.039; 
for age ≥ 75, P = 0.002). The HCC-related death rate was higher in 
patients aged 65 - 69, and the liver/other cause-related death rate was 
higher in patients aged > 69. Multivariate analyses showed that the 

type of treatment, number of tumors, α-fetoprotein level, serum albu-
min level and associated diabetes mellitus were independent factors 
associated with OS, but not hypertension or heart diseases.

Conclusion: With increasing patient age, the treatment outcomes of 
ablation become similar to those of resection. A higher liver/other 
cause-related death rate in very elderly patients may shorten the life 
expectancy, which may lead to the same OS regardless of whether 
resection or ablation is chosen.

Keywords: Hepatocellular carcinoma; Hepatectomy; Ablation; El-
derly; Treatment decision-making

Introduction

Liver cancer is the sixth most common malignancy in the 
world and the fourth leading cause of death from malignant tu-
mors [1]. An epidemiological report published in 2018 showed 
that approximately 841,000 patients were diagnosed with liver 
cancer and approximately 782,000 died each year [2]. The 
World Health Organization estimates that more than 1 million 
patients will die of liver cancer annually by 2030. Hepatocellu-
lar carcinoma (HCC) is the most common type of liver cancer, 
accounting for approximately 75% to 85% of all cases [3].

With advances in medicine and population aging in most 
developed countries, the number of elderly patients is rapidly 
increasing [4]. The characteristics of cancer patients are nota-
bly different between elderly and young populations. While 
elderly cancer patients usually present with more comorbid 
diseases [5], their immune system is not as strong as that of 
young cancer patients, leading to significant differences in 
antitumor immunity and tumor microenvironments [6]. These 
characteristics suggest that cancer treatment strategies may 
differ between elderly and young populations.

At present, treatment recommendations for elderly pa-
tients with very-early/early stages of HCC are still controver-
sial [7, 8]. In general, patients with very-early/early stages of 
HCC are usually offered curative-intention treatments, which 
include partial hepatectomy, ablation, or liver transplantation. 
As liver transplantation is less commonly offered to elderly 
patients in many centers, hepatic resection and ablation are the 
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two most common primary treatments with curative intent of-
fered to elderly patients with HCC. Ablation is less invasive 
than hepatic resection [9-11], leading to increasing numbers 
of elderly patients undergoing ablation [12]. However, the 
long-term overall survival (OS) outcomes between ablation 
and partial hepatectomy are controversial. On the one hand, 
elderly patients with HCC, especially those with a tumor size 
less than 3 cm, have been reported to have better OS with he-
patectomy than with ablation [7]. On the other hand, ablation 
has also been reported to result in similar OS as hepatectomy 
in elderly patients with a tumor size of less than 3 cm [8, 13]. 
Thus, more studies are urgently needed to compare the long-
term OS outcomes between resection and ablation in the el-
derly population. The aim of this study was to determine the 
optimal treatment strategy for elderly patients with HCC who 
are candidates for curative treatment using ablation or partial 
hepatectomy.

Materials and Methods

Study design

Clinical data on patients who were treated between 2007 and 
2017 at Sun Yat-sen University Cancer Center, Chinese PLA 
General Hospital and the Third Affiliated Hospital of Sun Yat-
sen University were collected and analyzed. The inclusion cri-
teria were patients with the following: 1) a histological diag-
nosis of HCC; 2) hepatic resection or ablation as the primary 
curative therapy; 3) age ≥ 65 years; and 4) a single tumor ≤ 5 
cm or no more than three tumors ≤ 3 cm each. The exclusion 
criteria were patients with the following: 1) major vascular in-
vasion, lymph node metastasis or distant metastasis; 2) coex-
isting severe organ dysfunction with a short life expectancy; 
3) severe infection or sepsis; and 4) other malignant diseases. 
This study was approved by the relevant institutional review 
boards (IRBs). Patient consent for inclusion was waived by 
the IRBs because of the retrospective nature of the study. The 
study was conducted in compliance with the ethical standards 
of the responsible institution on human subjects as well as with 
the Helsinki Declaration.

Diagnosis and selection of treatment

Patients in the resection group were diagnosed with HCC 
based on a histological study of the resected surgical speci-
mens. Among 584 patients who underwent ablation, 437 
(74.8%) patients were diagnosed with HCC based on histo-
logical specimens obtained from biopsy, and 147 (25.2%) 
patients were diagnosed with HCC based on typical features 
of HCC on contrast-enhanced images and/or an α-fetoprotein 
(AFP) level higher than 400 ng/mL. The treatment strategies 
were obtained after discussion with the patients by a multidis-
ciplinary treatment team composed of surgeons and minimally 
invasive treatment radiologists. After providing patients with 
information, the final treatment decision was made together by 
the patients and the clinicians.

Data collection

The following data were collected. 1) Baseline data included 
age, sex, underlying liver diseases, diabetes, hypertension, heart 
diseases, and type of treatment. A coexisting heart disease was 
defined as a history of coronary or valvular heart diseases. 2) Tu-
mor status included tumor size, tumor number and α-fetoprotein 
(AFP) level. 3) Liver/kidney functional status included aspar-
tate aminotransferase (AST) level, alanine aminotransferase 
(ALT) level, prothrombin time (PT), international normalized 
ratio (INR), platelet (PLT) count, total bilirubin (TBIL) level, 
serum creatinine (SCr) level and Child-Pugh grading. 4) End-
point variables included total cost for HCC treatment, length of 
in-hospital stay, rate of intensive care unit admission, number of 
hospitalizations, 30-day mortality, 90-day mortality, recurrence 
status and survival status. Recurrence-free survival (RFS) was 
defined as the time from surgery to local, regional, or distant 
cancer relapse. OS was defined as the time from surgery to any 
cause of death. HCC-associated death was defined as death at-
tributed to HCC. Liver-associated death was defined as death 
attributed to comorbidities related to hepatic failure, such as he-
patic encephalopathy and esophageal and gastric variceal bleed-
ing. Death attributed to other causes included cardiovascular and 
cerebrovascular diseases, Alzheimer’s disease and infection.

Hepatic resection

Hepatic resection was performed by an open approach under 
general anesthesia. Surgeons from the two centers with 19 to 
27 years of experience in hepatectomy performed the surgeries. 
Intraoperative ultrasonography was routinely used. Anatomical 
resections in the form of segmentectomy and/or subsegmentecto-
my as described by Makuuchi et al were the preferred procedures 
[14]. Whole liver segment(s)/subsegment(s) that contained the 
tumor were resected. For nonanatomical resection, at least a 1 cm 
tumor-free margin was aimed. Pringle’s maneuver with cycles of 
clamping and unclamping of 10 and 5 min was routinely used.

Computed tomography (CT)-guided tumor ablation

In the current study, CT-guided percutaneous thermal ablation in-
cluded radiofrequency ablation (RFA) and microwave ablation 
(MWA). All ablative procedures were performed percutaneously 
under CT guidance (Siemens, Munich, Germany) carried out by 
one of the senior interventional radiologists (all interventional 
radiologists had at least 10 years of experience with ablation). 
Patients were administered moderate amounts of intravenous se-
dation and local anesthesia. General anesthesia was administered 
when the patient requested it. The puncture site was anesthetized 
with 2% lidocaine, and a single/clustered needle electrode(s) with 
a 2, 3 or 4 cm exposed tip was inserted into the target tumor via 
the determined puncture path. A routine CT scan was performed 
to ensure the correct location of the guided needle. After confir-
mation of the location of the electrode probe, MWA or RFA was 
performed. The energy deposition algorithm was applied based 
on the manufacturers’ recommended protocols. One to three ab-
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lation sites per lesion were used to ensure complete destruction 
of the entire targeted tumor with a safety margin of surrounding 
tissues. After the ablative procedure, the electrode probe was re-
moved, and a final CT scan was performed to reexamine the abla-
tion zone. The ablation procedure was considered complete when 
the ablation zone was large enough to cover the tumor with an 
ablative margin of at least 1 cm.

Follow-up

Patients were followed up at 1 month after hepatectomy or abla-
tion, once every 3 months for the first 2 years, and then once eve-
ry 4 to 6 months thereafter. At each follow-up visit, in addition 
to history taking and physical examination, AFP, AST, ALT, PT, 
INR, PLT, TBIL, and SCr were analyzed, and abdominal ultra-
sonography, and contrast-enhanced CT or MRI were carried out.

Subgroup analysis

Patients were stratified by age into the following subgroups: 
65 - 69, 70 - 74, and ≥ 75. In each age subgroup, patients with 
solitary tumors were further stratified by tumor size into 0 - 20 
mm, 21 - 30 mm and 31 - 50 mm. A cutoff value of 30 mm was 
chosen in the current study based on the discrepancies regard-
ing the choice between resection and ablation in the elderly 
population, as reported in two studies [7, 8]. Additionally, a 
cutoff value of 20 mm was chosen based on the controversy of 
whether RFA [15, 16] or liver resection was a more appropriate 
treatment for patients with a single tumor < 20 mm in size [17].

Comparison of other related factors

The total cost for HCC treatment, total in-hospital stay for 
HCC treatment (calculated by adding all in-hospital days of 
all hospitalizations), total number of hospitalizations for HCC 
treatment, duration of the treatment procedure in minutes and 
rate of intensive care unit admission after treatment were com-
pared between the groups.

Statistical analysis

Inverse probability of treatment weighting (IPTW) was used 
in the comparison analysis, including subgroup analyses, be-
tween the two treatment groups. The propensity score was 
calculated using logistic regression on variables that were 
potentially associated with prognosis or that were unbalanced 
between the two groups in terms of age, sex, underlying liver 
diseases, liver cirrhosis, diabetes, hypertension, heart diseases, 
tumor size, tumor number, AFP level, AST level, ALT level, 
PT, INR, PLT count, TBIL level, serum creatinine level and 
Child-Pugh grading. Comparison analyses in the current study 
were performed after weighting the individual contributions 
by the inverse of the probability (calculated by the logistic re-
gression model as mentioned above) in the groups.

The characteristics of patients who underwent ablation and 
resection were compared using the Chi-squared test (Fisher’s 
exact test for small sample) for categorical variables and Stu-
dent’s t-test for continuous variables. Heterogeneity of treat-
ment effects was assessed with tests of interaction between 
treatments (ablation vs. resection) and age groups (65 - 69, 70 
- 74 and ≥ 75). Hazard ratios (HRs) and 95% confidence inter-
vals (CIs) of survival in response to treatment across the dif-
ferent age groups were estimated. Multivariate analyses were 
performed using Cox proportional hazards regression analysis 
with a stepwise backward process. The Kaplan-Meier method 
with a log-rank test was applied to compare the survival out-
comes of patients. An estimation of the median follow-up time 
was proposed with the reverse Kaplan-Meier method. All sta-
tistical tests were two-sided, and P < 0.05 was considered sta-
tistically significant. For all analyses, HRs with 95% CIs were 
calculated. All statistical analyses were performed using SPSS 
23.0 for Windows (SPSS, Chicago, IL, USA) and R software 
(version 3.6.2) with the rms, survival, ggplot2, survminer, IP-
Wsurvival and MatchIt packages.

Results

In total, 18,233 patients with HCC were managed at the study 
centers during the study period. Of these patients, 2,831 (15.5%) 
were ≥ 65 years of age, and 1,205 (42.5%) of the elderly patients 
underwent curative treatment in the form of resection or ablation. 
There were 1,145 patients (95.0%) who met the inclusion criteria; 
561 underwent hepatic resection, while 584 patients underwent 
ablation as the primary curative therapy. In total, 769 of the pa-
tients were from Sun Yat-sen University Cancer Center, 303 pa-
tients were from Chinese PLA General Hospital, and 73 patients 
were from the Third Affiliated Hospital of Sun Yat-sen Univer-
sity. The majority of these patients were in Child-Pugh class A 
(95.5%), while the remaining patients were in Child-Pugh class 
B. The median follow-up of the entire cohort was 41 months. The 
baseline information of the entire cohort as stratified by age is 
shown in Table 1. With advancing age, an increasing proportion 
of patients underwent ablation rather than resection (age 65 - 69, 
44.6%; age 70 - 74, 56.0%; age ≥ 75, 65.1%, P < 0.001). Sig-
nificantly more elderly patients had comorbid diseases (hyperten-
sion, P < 0.001; heart disease, P = 0.002) but fewer had hepatitis B 
infection (P = 0.001). Multivariate analyses revealed that the type 
of treatment (resection vs. ablation), tumor number, AFP level, 
serum albumin level and diabetes were independent factors asso-
ciated with OS, and the type of treatment (resection vs. ablation), 
tumor number and AFP level were independent factors associated 
with RFS (Supplementary Material 1, www.wjon.org).

Impact of treatment on survival associated with age

The baseline information of the three age subgroups of patients 
as stratified by treatment type after IPTW and before IPTW is 
shown in Table 2 and Supplementary Material 2 (www.wjon.
org), respectively. In the subgroups of patients aged 65 - 69 and 
70 - 74 years, liver resection resulted in improved survival out-
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Table 1.  Baseline Information of Patients Stratified by Age

Age 65 - 69 Age 70 - 74 Age ≥ 75 P
Treatment < 0.001
    Resection 362 (55.4%) 132 (44.0%) 67 (34.9%)
    Ablation 291 (44.6%) 168 (56.0%) 125 (65.1%)
Age 66.50 ± 1.42 71.85 ± 1.45 78.61 ± 3.52 < 0.001
Sex 0.19
    Male 535 (81.9%) 231 (77.0%) 152 (79.2%)
    Female 118 (18.1%) 69 (23.0%) 40 (20.8%)
Background disease of the liver 0.001
    HBV infection 435 (66.6%) 181 (60.3%) 101 (52.6%)
    Other 218 (33.4%) 119 (39.7%) 91 (47.4%)
Comorbid illness
    Hypertension 180 (27.6%) 111 (37.0%) 88 (45.8%) < 0.001
    Diabetes 108 (16.5%) 51 (17.0%) 42 (21.9%) 0.22
    Heart disease 46 (7.0%) 32 (10.7%) 29 (15.1%) 0.002
Tumor size 28.39 ± 11.15 29.02 ± 10.91 29.48 ± 10.99 0.43
Tumor count 0.09
    1 573 (87.7%) 256 (85.3%) 154 (80.2%)
    2 61 (9.3%) 33 (11.0%) 26 (13.5%)
    3 19 (2.9%) 11 (3.7%) 12 (6.2%)
AFP 0.23
    < 10 300 (45.9%) 121 (40.3%) 92 (47.9%)
    10 - 100 150 (23.0%) 62 (20.7%) 46 (24.0%)
    100 - 1,000 114 (17.5%) 65 (21.7%) 31 (16.1%)
    > 1,000 89 (13.6%) 52 (17.3%) 23 (12.0%)
ALT 42.07 ± 63.37 35.16 ± 28.34 32.76 ± 25.85 0.03
AST 42.27 ± 52.45 39.46 ± 28.16 36.97 ± 27.23 0.29
ALB 41.66 ± 15.45 40.51 ± 4.77 40.51 ± 4.03 0.28
TBIL 16.69 ± 18.91 15.70 ± 8.65 15.05 ± 6.85 0.35
PLT 146.00 ± 65.90 147.59 ± 68.92 148.23 ± 63.27 0.89
PT 12.70 ± 1.76 12.87 ± 1.69 12.89 ± 1.82 0.23
INR 1.07 ± 0.12 1.08 ± 0.12 1.06 ± 0.10 0.35
SCr 77.56 ± 26.87 80.13 ± 54.37 80.36 ± 23.22 0.46
Child-Pugh class 0.36
    A 620 (94.9%) 286 (95.3%) 187 (97.4%)
    B 33 (5.1%) 14 (4.7%) 5 (2.6%)
    C 0 (0%) 0 (0%) 0 (0%)
Liver cirrhosis 0.17
    Yes 269 (41.2%) 142 (47.3%) 78 (40.6%)
    No 384 (58.8%) 158 (52.7%) 114 (59.4%)
Causes of death
    HCC-related death 111 (90.2%) 58 (76.3%) 35 (76.1%) 0.035
    Liver-related death 10 (8.1%) 13 (17.1%) 8 (17.4%)
    Other causes 2 (1.6%) 5 (6.6%) 3 (6.5%)

AFP: α-fetoprotein; ALB: albumin; ALT: alanine aminotransferase; AST: aspartate aminotransferase; HBV: hepatitis B virus; HCC: hepatocellular 
carcinoma; PLT: platelet; PT: prothrombin time; INR: international normalized ratio; SCr: serum creatinine; TBIL: total bilirubin.
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comes compared with those of ablation. The gap in OS outcomes 
between these two types of treatment narrowed with increasing 
age (resection vs. ablation, for age 65 - 69, P < 0.001, HR = 0.38, 
95% CI: 0.29 - 0.50; for age 70 - 74, P = 0.012, HR = 0.64). Fur-
thermore, for the subgroup of patients aged ≥ 75 years, ablation 
resulted in a similar OS as resection (resection vs. ablation, HR 
= 0.84, 95% CI: 0.55 - 1.30, P = 0.44) (Fig. 1). This observation 
was supported by our findings that there was a significant inter-
active effect of age and treatment on OS (Table 3). However, 
patients who underwent resection had a better RFS than those 
who underwent ablation in all age subgroups (Supplementary 
Material 3, www.wjon.org, www.wjon.org). No interactive ef-
fect of age and treatment was found on RFS (Table 3).

Subgroup analyses in patients aged 65 - 69 and 70 - 74 
years as stratified by tumor size

Among the subgroup of patients aged 65 - 69 years with a sin-
gle tumor of 0 - 20 mm, the OS was similar after ablation and 
liver resection (resection vs. ablation, HR = 0.66, 95% CI: 0.34 

- 1.27, P = 0.214). Likewise, for the subgroup of patients aged 
70 - 74 with a single tumor of 0 - 20 mm, ablation resulted in a 
similar OS as resection (resection vs. ablation, HR = 1.49, 95% 
CI: 0.59 - 3.78, P = 0.403). However, with increased tumor size 
(21 - 30 mm), the results differed significantly between the sub-
group of patients aged 65 - 69 and those aged 70 - 74. Among 
the subgroup of patients aged 65 - 69 with a single tumor of 21 
- 30 mm, resection resulted in significantly better OS than abla-
tion (resection vs. ablation, HR = 0.35, 95% CI: 0.19 - 0.64, P 
= 0.001). However, in the subgroup of patients who were aged 
70 - 74 with a single tumor of 21 - 30 mm, ablation resulted in 
similar OS as resection (resection vs. ablation, HR = 0.65, 95% 
CI: 0.25 - 1.75, P = 0.397) (Fig. 2). The survival analyses of RFS 
are shown in Supplementary Material 4-6 (www.wjon.org).

Causes of death across the age subgroups

Compared with the age 65 - 69 subgroup, the age 70 - 74 and 
age ≥ 75 subgroups had significantly lower rates of HCC-as-
sociated mortality but significantly higher mortality attributed 

Table 3.  Effect of Treatment on Survival Across Age Groups

Hazard ratio 95% CI P value P value for interaction
Overall survival
    Resection vs. ablation (age 65 - 69 years) 0.38 0.28 - 0.50 < 0.001 Reference
    Resection vs. ablation (age 70 - 74 years) 0.64 0.45 - 0.91 0.01 0.039
    Resection vs. ablation (age ≥ 75 years) 0.84 0.55 - 1.30 0.44 0.002
Recurrence-free survival
    Resection vs. ablation (age 65 - 69 years) 0.59 0.51 - 0.70 < 0.001 Reference
    Resection vs. ablation (age 70 - 74 years) 0.49 0.37 - 0.64 < 0.001 0.054
    Resection vs. ablation (age ≥ 75 years) 0.72 0.52 - 0.99 0.04 0.197

CI: confidence interval.

Figure 1. Overall survival analyses of patients stratified by age after IPTW. IPTW: inverse probability of treatment weighting.
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to liver-associated comorbidities and other causes (Table 1).

Comparison of other related factors

Although ablation was associated with an increased number 
of hospitalizations for the treatment of HCC, no significant 
differences were found in total in-hospital stay and total cost 
for HCC treatment between the ablation and resection groups. 
Resection was associated with a longer treatment time than ab-
lation. Patients who underwent resection had a significantly 
higher rate of intensive care unit admission than patients who 
underwent ablation (Table 4).

Discussion

This study compared the long-term survival outcomes between 

hepatic resection and ablation in elderly patients with very-
early/early stages of HCC. The treatment outcomes of percuta-
neous ablation approached those achieved by hepatic resection 
with increasing patient age. We found that the HCC-related 
death rate was higher in patients aged 65 - 69, and the liver/
other cause-related death rate was higher in patients aged > 
69. Among patients who were aged ≥ 75 with very-early/early 
stages of HCC of ≤ 50 mm in size, ablation achieved similar 
OS outcomes as resection. Further subgroup analyses indicat-
ed that for patients aged 65 - 69 with a single tumor of 0 - 20 
mm and for those aged 70 - 74 with a single tumor of 0 - 30 
mm, ablation resulted in a similar OS to that of resection.

Although many studies have compared the treatment out-
comes of hepatic resection with those of ablation for HCC [9-
11, 17-26], very few studies have been conducted on elderly 
patients. In the study by Kaibori and associates [7] based on 
data on elderly patients with HCC in Japan, the survival out-
comes of hepatic resection (n = 750) and ablation (n = 1,562) 

Figure 2. Subgroup overall survival analyses of patients with a single tumor stratified by tumor size among different age groups 
after IPTW. IPTW: inverse probability of treatment weighting.
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in patients with HCC with lesions smaller than 3 cm were com-
pared using propensity score matching (PSM). The authors 
concluded that hepatic resection resulted in a significantly de-
creased risk of HCC recurrence and improved OS. This study, 
however, failed to compare the treatment outcomes of hepatic 
resection and ablation for HCCs 0 - 2 cm. In contrast, Peng 
and associates [8] compared the treatment outcomes of hepatic 
resection with RFA in elderly patients and concluded that RFA 
resulted in better survival for patients with lesions less than 
3 cm than hepatic resection. This conclusion contradicted the 
results obtained by Kaibori and associates. In the Peng et al’s 
study, the main limitation was the small sample sizes of the 
two treatment groups, with 91 patients in the hepatic resection 
group and 89 patients in the RFA group.

In our study, we used IPTW for all the comparative analy-
ses, including subgroup analyses, to minimize bias. For pa-
tients with a single tumor ≤ 5 cm or no more than three tumors 
≤ 3 cm each, our study found improved survival outcomes 
after percutaneous ablation compared with hepatic resection 
with increasing patient age. When the patient age subgroup 
was ≥ 75, the long-term survival outcomes after ablation were 
similar to those after liver resection. As hepatic resection is 
more invasive than ablation, the benefits resulting from liver 
resection decrease with aging. This phenomenon is in line with 
the results obtained by Cucchetti and associates [27] that with 
aging, the oldest group of patients with HCC who underwent 
liver resection had the shortest overall postoperative lifespan 
and the smallest number of years of life lost. In our current 
study, the causes of death across the several age subgroups 
showed age to be associated with significantly more deaths 
caused by non-HCC-associated causes. This result is consist-
ent with that of the study by Kaibori and associates [28], which 
demonstrated that the cumulative incidences of other causes of 
death in elderly patients were significantly different from those 
of HCC-associated deaths. However, another study by Kaibori 
and associates [7] demonstrated that resection still resulted in 
better OS in patients aged ≥ 75 years with a primary HCC ≤ 3.0 
cm. In our opinion, it would be difficult to reach a solid con-
clusion on whether resection or ablation can provide better sur-
vival outcomes in this elderly population of patients. However, 
based on the interactive effect of age and treatment found in 

our study, patients with increasing age seemed to benefit simi-
larly from percutaneous ablation as from hepatic resection. Al-
though patients who underwent ablation had worse RFS than 
those who underwent liver resection, control of HCC was still 
achievable by performing repeated ablations, which seems to 
be a reasonable treatment strategy for these elderly patients.

To further compare the treatment outcomes between he-
patic resection and ablation in the subgroups of different tumor 
sizes in our study, patients with a single tumor were further 
subdivided into a 0 to 20 mm subgroup, a 21 to 30 mm sub-
group and a 31 to 50 mm subgroup. In the age 65 - 74 years 
subgroup with a 0 to 20 mm tumor, there was no significant 
difference in OS between the two treatments. In the 65- to 
69-year-old subgroup with a 21- to 30-mm tumor, hepatic re-
section resulted in significantly better OS than ablation. In the 
70- to 74-year-old subgroup, ablation resulted in a similar OS 
to that of liver resection. The highlight of the current study is 
that, unlike previous studies that focused only on elderly pa-
tients in different age subgroups, this study further subdivided 
tumors less than 30 mm in size into 0 to 20 mm and 21 to 30 
mm subgroups. The difference in the results between this study 
and the study by Kaibori and associates can be explained by 
the latter study, which did not separate the two groups of 0 to 
20 mm and 21 to 30 mm into two subgroups.

This study has limitations. First, data on postoperative 
complications were not collected, resulting in no comparative 
analysis of postoperative complications. Second, the data on 
antiviral treatment of the patients in this study were not known 
in a significant proportion of patients; thus, this factor could 
not be analyzed. Antiviral treatment affects the long-term sur-
vival of HCC patients after treatment with curative intention.

Conclusion

In conclusion, the results of this study indicated that there was 
a significant interactive effect of age and treatment on long-
term survival outcomes in HCC patients. With increasing age, 
the treatment outcomes of ablation become similar to those of 
resection. A higher liver/other cause-related death rate in very 
elderly patients may shorten their life expectancy, which may 

Table 4.  Comparison of Other Related Events Between the Resection and Ablation Group After IPTW

Resection group Ablation group P
Total costa for HCC treatment ($) 11,411.62 ± 7,453.18 11,422.80 ± 10,752.22 0.99
Total in-hospital daysb for HCC treatment 19.10 ± 11.68 17.84 ± 18.48 0.45
Total times of hospitalization for HCC treatment 2.15 ± 1.91 3.34 ± 3.72 < 0.001
Surgery time (min) 150.01 ± 71.52 80.64 ± 66.60 < 0.001
Intensive care unit admission < 0.001
    Yes 27.4% 3.8%
    No 72.6% 96.2%
Mortality within 30 days 2 2 0.97
Mortality within 90 days 5 4 0.69

aTotal cost was calculated by adding cost of each hospitalization. bTotal in-hospital days was calculated by adding days of each hospitalization. HCC: 
hepatocellular carcinoma; IPTW: inverse probability of treatment weighting.
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lead to the same OS regardless of whether resection or ablation 
is chosen.

Supplementary Material

Suppl 1. Multivariate analysis for overall survival and recur-
rence-free survival.
Suppl 2. The baseline information of the three age groups 
stratified by treatment type before IPTW.
Suppl 3. OS survival analyses of patients stratified by age and 
treatment type before IPTW.
Suppl 4. Subgroup OS analyses of patients with a single tumor 
stratified by tumor size and treatment type among different age 
groups before IPTW.
Suppl 5. RFS analyses of patients stratified by age and treat-
ment type before and after IPTW.
Suppl 6. Subgroup RFS analyses of patients with a single tu-
mor stratified by tumor size and treatment type among differ-
ent age groups before and after IPTW.
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