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Background: Hepatocellular carcinoma (HCC) is the major cause of malignancy-

related deaths worldwide, and its incidence is likely to increase in the future as life

expectancy increases. Therefore, the management of elderly patients with HCC has

become a global issue. Aim of this study was to assess whether elderly patients with

small HCC could obtain survival benefit from cryoablation (CRYO) in a real-world.

Materials and methods: From July 2007 to June 2013, 185 patients with small

HCC who underwent curative-intent percutaneous CRYO. All patients were

divided into three groups according to age distribution. Overall survival (OS) and

tumor-free survival (TFS) were compared between among of groups before and

after the 1:1 propensity score matching, respectively. Univariate and multivariate

Cox analyses were performed to determine the potential relationships between

variables and prognostic outcomes.

Results: One hundred and eighty-five patients (144 men, 41 women) received

CRYO for small HCC, including 59 patients with age <50 years, 105 patients with

age between 50 and 65 years, and 21 patients with age >65 years. The three age

groups showed significant differences in the terms of underlying chronic liver

disease and the number of patients with minor postoperative complications. After

propensity score matching, the younger and elderly groups showed significant

differences in mean OS (P=0.008) and tumor progression (P=0.050). However, no

significant differences were shown in mean progression-free survival (PFS)

(P=0.303). The Cox multivariate analysis showed that the Child-Pugh grade

(HR=3.1, P<0.001), albumin (HR=0.85, P=0.004) and total of bilirubin (HR=1,

P=0.024) were the independent prognostic factor for mean OS.
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Conclusion: Our propensity-score-matched study suggested that elderly patients

with small HCC can achieve acceptable prognostic outcomes with PFS similar to

those of younger patients with small HCC after treatment with CRYO, while Child-

Pugh grade, bilirubin and serum albumin levels were associated with the prognosis

of small HCCs.
KEYWORDS

(LTP) local tumor progression, (OS) overall survival, (TFS) tumor-free survival, (HCC)
hepatocellular carcinoma, (MRI) magnetic resonance imaging, (AFP) a-fetoprotein,
(MWA) microwave ablation, (RFA) radiofrequency ablation
Introduction

Hepatocellular carcinoma (HCC) is one of the most common

malignancies and is the third leading cause of malignancy-related

deaths (1). HCC is common with increasing life expectancy and is

expected to become more common in elderly patients over time. As

consequence, the management of elderly HCC patients is now a

global issue. Currently diagnostic techniques advances and the

availability of screening for high-risk individuals, more and more

patients with HCC are being detected at earlier stages, leading to

access to radical treatment options, including hepatic resection, liver

transplantation and ablation (2). Among them, ablative therapy,

especially cryoablation (CRYO) and microwave ablation (MWA),

has been considered an effective modality for the treatment of early-

and very early-stage HCC (3–5). Compared with open surgery, these

treatment modalities have the advantages of being minimally invasive,

safe, with fewer complications and faster postoperative recovery.

Previous studies have found that some changes in liver structure

and function occur in the elderly population (6–9). In clinical

practice, elderly patients with HCC usually have worse liver

function and a higher incidence of comorbidities (10). Therefore,

the choice of treatment for these patients is often more cautious and

the indications for surgery are more stringent. Currently, there are no

clear guidelines or strategies to instruct the treatment protocols for

elderly patients with small HCC. In particular, it is unclear whether

CRYO performed on elderly patients can achieve similar clinical

outcomes as younger patients. Therefore, we designed this study in

order to clarify the efficacy of the elderly small HCC population after

CRYO treatment, as well as to explore the impact of age on clinical

outcome. We expect that the findings of this study will contribute to

refining the indications for percutaneous ablation in the elderly

population and provide an important reference for clinical

decision making.
Materials and methods

Patients

This retrospective study was approved by the medical ethics

committee of the Fifth Medical Center of Chinese PLA General

Hospital, China. Written informed consent was obtained from each
02
patient in the study. From July 2007 to June 2013, 185 patients with a

clinical diagnosis of small HCC who were treated with percutaneous

CRYO were included in this study (Figure 1). According to the

Barcelona Clinic Liver Cancer (BCLC) System, small HCC is

defined as very early or early stage HCC (11, 12). Inclusion criteria

of this study were as follows: (1) small HCC confirmed by imaging or

pathological examination; (2) ineligible for surgical resection or liver

transplantation; without evidence of vascular invasion, bile duct

invasion, or extrahepatic metastasis; (3) preoperative CT/MRI

imaging scans, laboratory test records and survival information are

available; and (4) CRYO was an initial treatment. The exclusion

criteria are following: (1) recurrent small HCC; (2) with severe

comorbidities that cannot endure treatment; (3) severe coagulation

disturbance; (4) patients who met inclusion criteria but declined to

participate in the study or follow up; (5) patients who preferred to

receive surgical resection or liver transplantation treatment or

other therapies.
Percutaneous argon-helium CA procedures

The argon-helium based EndoCare system (EndoCare, Irvine,

CA, USA) was applied to perform CRYO (13–15). Various sizes of

cryoprobes were used (2 or 3 mm in diameter). The area to be frozen

included both the entire tumor area and at least 5-10 mm of

paraneoplastic liver tissue outside the tumor area. After local

anesthesia, the cryoprobe was inserted into the tumor by a

percutaneous approach using CT guidance. The cryoprobe is

advanced under guidance until it reaches the distal edge of the

target lesion. A dual freeze-thaw cycle consists of 20 minutes of

freezing, 10 minutes of thawing, and another 15 minutes of freezing.

After removal of the probe, all tracts were packed through the

intrathecal guide with Surgicel (Johnson & Johnson, Arlington, TX,

USA) to control bleeding, and then the intrathecal guide

was removed.
Follow-up

The follow-up protocol including routine physical examination,

laboratory tests and prothrombin time, and contrast-enhanced

imaging including CT or MRI. All patients were followed up every
frontiersin.org
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three months in the first year and twice a year thereafter to detect

tumor recurrence.
Variable collection and definition

Demographic information, serologic biochemical test outcomes,

alpha-fetoprotein (AFP) and types of underlying chronic liver

disease were collected. Liver function was assessed by Child-Pugh

grade. Physical condition was assessed by Eastern Cooperative

Oncology Group (ECOG) score. The short-term outcomes

included the number of patients with complete ablation, the

number of patients with postoperative minor complications and

major complications. Long-term outcomes included the number of

deaths, the number of tumor-related deaths, the number of patients

with tumor progression, the mean overall survival (OS) and

progression-free survival (PFS). Complete ablation was defined as
Frontiers in Oncology 03
tumor tissue completely covered by the ablation area and there was

no enhancement in the ablation area during the initial 1-month CT

and MRI follow-up (13). Minor complications were defined as

adverse events leading to minor consequences, including pain,

fever, and bleeding from the needle tract. Major complications

were defined as adverse events leading to serious consequences,

including hepatic rupture and bleeding, spontaneous peritonitis,

and death.
Statistical analysis

Patients were divided into three groups according to age

distribution: group 1, <50 years, group 2, 50–65 years, and group 3,

>65 years. To reduce the effect of bias and confounding variables, a 1:1

propensity score matching with a caliper of 0.05 was used to match
FIGURE 1

The flowchart of enrolled patients.
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group 3 with the other groups. The continuous variables are expressed

as the mean and standard deviation and the categorical variables are

expressed as the frequency or percentage. To compare differences

between groups, continuous variables were analyzed by the Mann-

Whitney U test and Kruskal-Wallis test when non-normally

distributed, and categorical variables were analyzed by the Chi-

Square test or Fisher exact test as appropriate. OS and PFS were

analyzed by the Kaplan-Meier (KM) method and compared by the

log-rank test. The rate of LTP, distant recurrence, and OS was

calculated using the Kaplan-Meier method. Univariate and

multivariate Cox analyses were performed to determine the

potential relationships between variables and prognostic outcomes.

A two-sided P value <0.05 was considered statistically significant.

Packages R software (http://www.R-project.org; The R Foundation)

was used to perform all statistical analyses.
Frontiers in Oncology 04
Results

Patients included and
baseline characteristics

The detailed information of 185 patients with small HCC are

summarized in Table 1. There are 144 men and 41 women, with a mean

age of 53.8 ± 9.7 (range, 22-75). Of these patients, 166 patients (89.7%)

were HBsAg (surface antigen of the hepatitis B virus) positive,

25 patients (13.5%) were anti-HCV (hepatitis C virus) positive, 6

patients (3.2%) were both HBsAg positive and anti HCV positive,

and 2 patients (1.1%) for other reasons (alcoholic). Regarding liver

function, 164 patients (88.6%) were Child–Pugh Class A and 21

patients (11.4%) were Child–Pugh B. The mean length of

postoperative follow-up was 45.2 months.
TABLE 1 Baseline characteristics of included patients.

Variable Group 1 (n=59) Group 2 (n=105) Group 3 (n=21) P value

Age (years) 42.98 ± 5.87 56.78 ± 4.45 69.62 ± 3.11 <0.01

Sex (male) 45 (76.3%) 87 (82.9%) 15 (71.4%) 0.361

BMI 0.989

<18.5 6 (10.2%) 13 (12.4%) 2 (9.5%)

18.5-24.9 42 (71.2%) 72 (68.6%) 16 (76.2%)

>25 11 (18.6%) 20 (19.0%) 3 (14.3%)

Hypertension 21 (35.6%) 45 (42.9%) 7 (33.3%) 0.547

Diabetes mellitus 5 (8.5%) 13 (12.4%) 3 (14.3%) 0.668

Cardiovascular disease 26 (44.1%) 71 (67.6%) 9 (42.9%) <0.01

Respiratory disease 4 (6.8%) 16 (15.2%) 8 (38.1%) <0.01

Cerebrovascular disease 1 (1.7%) 5 (4.8%) 3 (14.3%) 0.084

Tumor size (cm) 2.26 ± 0.68 2.13 ± 0.78 2.26 ± 0.82 0.513

AFP (mg/L) 454.36 ± 1033.52 224.90 ± 734.08 86.99 ± 139.05 0.386

Platelet count (×109/L) 101.69 ± 67.92 105.04 ± 57.43 112.96 ± 46.40 0.342

Albumin (g/L) 36.46 ± 5.53 37.17 ± 5.49 37.29 ± 4.51 0.885

Total bilirubin (mmol/L) 19.23 ± 12.40 20.14 ± 17.05 20.01 ± 14.04 0.996

Underlying chronic liver disease 0.042

HBV infection 56 (94.9%) 91 (86.7%) 19 (90.5%)

HCV infection 3 (5.1%) 15 (14.3%) 7 (33.3%)

Other 1 (1.7%) 1 (1.0%) 0 (0.0%)

Child-Pugh grade 0.495

A 51 (86.4%) 95 (90.5%) 18 (85.7%)

B 8 (13.6%) 10 (9.5%) 3 (14.3%)

ECOG score 0.863

0 0 (0.0%) 1 (1.0%) 0 (0.0%)

1 54 (91.5%) 90 (85.7%) 18 (85.7%)

2 5 (8.5%) 14 (13.3%) 3 (14.3%)
fron
BMI, Body mass index; AFP, alpha-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus; ECOG, Eastern Cooperative Oncology Group.
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Comparison of baseline characteristics

The number of patients included in the three groups was as follows: 59

patients (31.9%) in group 1, 105 patients (56.8%) in group 2, and 21 patients

(11.4%) in group 3. Significant difference between groupswas observed in the

baseline variables of underlying chronic liver disease (P=0.042) (Table 1).
Comparison of prognosis outcomes before
propensity score matching

The short-term and long-term outcomes in the three age groups are

listed in the Table 2.With regard to the short-term outcomes, the complete

ablation was obtained in 56 (94.9%), 90 (85.7%) and 19 (90.5%) patients in

groups 1-3 (P=0.189), respectively. The patients who developed minor

complications were 31 (52.5%), 33 (31.4%) and 6 (28.6%) (P=0.022),

respectively. The patients who developed major complications were 1

(1.7%), 7 (6.7%) and 0 (0.0%) (P=0.304), respectively.

With regard to the long-term outcomes, the number of deaths in

groups 1-3 was 6 (10.2%), 6 (5.7%) and 1 (4.8%) (P=0.585),

respectively. The number of tumor-specific deaths in groups 1-3 was

1 (1.7%), 1 (1.0%) and 0 (0.0%) (P=0.1), respectively. The OS was 40.99

± 31.67, 47.05 ± 30.49 and 47.73 ± 29.21 months in group 1-3

(P=0.303), respectively. The rates of progression were 42.4%, 50.5%

and 42.9% in group 1-3 (P=0.560), respectively. The PFS was 22.06 ±

20.22, 23.15 ± 19.33 and 33.22 ± 29.30 months in group 1-3 (P=0.337),

respectively. The KM curve of OS is shown in Figure 2 and the log rank

test found no significant differences (P=0.84) among the age groups.

The KM curve of PFS is shown in Figure 3 and the log rank test found

no significant differences (P=0.069) among the age groups.
Comparison of prognosis outcomes after
propensity score matching

To further investigate the effect of age on prognosis, we used the

group 3 as the elderly group and the first two groups as the younger

group and compared these two groups. To reduce the effect of bias and
Frontiers in Oncology 05
confounding variables, including sex, BMI, the size of the tumors, AFP,

albumin, total bilirubin, underlying chronic liver disease, comorbid

conditions, Child Pugh grade and ECOG score, the propensity score

was used to match comparable patients to obtain the younger group for

comparison. The median age of younger group was 51.9 ± 9.1 years.

The baseline characteristics of the patients before and after matching

are shown in Table 3. A comparison of short-term and long-term

outcomes before and after matching is shown in Table 4.

With regard to the short-term outcomes, the number of complete

ablations in group younger and older was 146 (89.0%) and 19 (90.5%)

(P=1.000), respectively. The number of patients with minor

complications was 64 (39.0%) and 6 (28.6%) (P=0.352),

respectively. The number of patients with major complications was

8 (4.9%) and 0 (0.0%) (P=0.642), respectively. After matching, there

was still no significant difference in the number of patients with

complete ablation (P=1.000) and number of patients with minor

complications (P=0.097).

With regard to the long-term outcomes, the number of deaths in

group younger and older was 12 (7.3%) and 1 (4.8%) (P=1.000),

respectively. The number of tumor-specific death was 7 (4.1%) and 0

(0.0%) (P=0.813), respectively. The OS was 44.9 ± 30.0 and 47.73 ±

29.21 months (P=0.689), respectively. The rates of progression were

47.6% and 42.9% (P=0.684), respectively. The PFS was 22.8 ± 19.6 and

33.22 ± 29.30 months (P=0.126), respectively. After matching, the OS

was 77.6 ± 38.6 and 46.6 ± 28.8 months (P=0.008), respectively. The

KM curve of OS is shown in Figure 4 and the log rank test found

significant differences (P=0.010). The rates of progression were 68.4%

and 36.8% (P=0.050), respectively. The PFS was 25.6 ± 25.5 and 35.0 ±

29.9 months (P=0.303), respectively. The KM curve of PFS is shown

in Figure 5 and the log rank test found no significant differences

(P=0.210) among the age groups.
Analysis of risk factors for prognosis
outcomes

The univariate analysis revealed that the use of alcohol (HR=3.3,

P=0.045), Child-Pugh grade (HR=8.5, P<0.001), platelet count
TABLE 2 Prognostic outcomes for groups 1–3.

Variable Group 1 (n=59) Group 2 (n=105) Group 3 (n=21) P value

Short-term outcomes

Complete ablation 56 (94.9%) 90 (85.7%) 19 (90.5%) 0.189

Minor complications 31 (52.5%) 33 (31.4%) 6 (28.6%) 0.022

Major complications 1 (1.7%) 7 (6.7%) 0 (0.0%) 0.304

Long-term outcomes

Death 6 (10.2%) 6 (5.7%) 1 (4.8%) 0.585

Tumor-specific death 1 (1.7%) 1 (1.0%) 0 (0.0%) 1

OS 40.99 ± 31.67 47.05 ± 30.49 47.73 ± 29.21 0.303

Tumor progression 25 (42.4%) 53 (50.5%) 9 (42.9%) 0.560

PFS 22.06 ± 20.22 23.15 ± 19.33 33.22 ± 29.30 0.337
fron
OS overall survival, PFS progression-free survival.
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FIGURE 3

Kaplan–Meier curves for progression-free survival (PFS) of patients with small hepatocellular carcinomas after cryoablation. The log-rank test showed no
significant difference between the four groups (P =0.069).
FIGURE 2

Kaplan–Meier curves for overall survival (OS) of patients with small hepatocellular carcinomas after cryoablation. The log-rank test showed no significant
difference between the four groups (P=0.84).
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(HR=0.98, P=0.034), albumin (HR=0.83, P<0.001) and total bilirubin

(HR=1, P=0.017) were predictors associated with overall survival. The

multivariate analysis showed that the Child-Pugh grade (HR=3.1,

P<0.001), albumin (HR=0.85, P=0.004) and TBIL (HR=1, P=0.024)

were the independent prognostic factor (Table 5).
Discussion

Numerous age-related changes in hepatic structure and function

have been described, including changes in the size of hepatocytes and

changes in the mitochondria and endoplasmic reticulum inside the

hepatocytes. Some animal experiments have also confirmed the

declined function and regeneration rate of the liver in aged animals.

These age-related changes have important clinical implications with

regard to treatment options for small hepatocellular carcinoma.
Frontiers in Oncology 07
However, some studies suggest that age should not be a determining

factor in such clinical decisions. Some elderly patients exhibit decreased

adaptive hepatic responsiveness, characterized by decreased hepatic

clearance of drugs and increased rates of adverse drug reactions, while

maintaining liver function within the normal range. In the present

study, the OS after CA decreased with ageing, with a mean of 77.6 ±

38.6 months in the younger patient group (under 65 years) and 46.6 ±

28.8 months in the elderly patient group (over 65 years). However, the

PFS after CA was not significantly associated with age.

The findings of this study may have implications for clinical

practice. Clinicians are concerned about referring elderly patients

with small HCC for surgery because of minimal benefit from open

surgery at advanced age. In this clinical scenario, minimally invasive

treatment modalities may usually be considered. The study by Zhang

et al. (16) found that elderly patients with HCC, even if associated

with more comorbidities, may achieve similar prognostic outcomes
TABLE 3 Baseline characteristics of Group younger (≤65 years) and Group elderly (>65 years) before and after matching.

Variable Younger (n=164) Elderly (n=21) P value Younger (n=19) Elderly (n=19) P value

Age (years) 51.8 ± 8.3 69.6 ± 3.1 <0.001 51.9 ± 9.1 69.4 ± 3.0 <0.001

Sex (male) 129 (78.7%) 15 (71.4%) 0.637 16 (84.2%) 15 (78.9%) 1

BMI 0.933 0.864

<18.5 19 (11.6%) 2 (9.5%) 2 (10.5%) 2 (10.5%)

18.5-24.9 114 (69.5%) 16 (76.2%) 13 (68.4%) 15 (78.9%)

>25 31 (18.9%) 3 (14.3%) 4 (21.1%) 2 (10.5%)

Hypertension 66 (40.2%) 7 (33.3%) 0.709 6 (31.6%) 6 (31.6%) 1

Diabetes mellitus 18 (11.0%) 3 (14.3%) 0.713 4 (21.1%) 3 (15.8%) 1

Cardiovascular disease 97 (40.2%) 9 (42.9%) 0.235 5 (26.3%) 9 (47.4%) 0.313

Respiratory disease 20 (12.2%) 8 (38.1%) <0.01 8 (42.1%) 7 (36.8%) 1

Cerebrovascular disease 6 (3.7%) 3 (14.3%) 0.068 1 (5.3%) 3 (15.8%) 0.604

Tumor size (cm) 2.2 ± 0.7 2.3 ± 0.8 0.639 2.1 ± 0.9 2.3 ± 0.9 0.573

AFP (mg/L) 307.4 ± 858.0 87.0 ± 139.1 0.003 347.3 ± 716.6 83.9 ± 141.4 0.125

Platelet count (×109/L) 103.8 ± 61.2 113.0 ± 46.4 0.511 82.9 ± 37.3 114.4 ± 45.3 0.025

Albumin (g/L) 36.9 ± 5.5 37.3 ± 4.5 0.767 36.7 ± 5.0 37.6 ± 4.5 0.588

Total bilirubin (mmol/L) 19.8 ± 15.5 20.0 ± 14.0 0.955 19.2 ± 1.7 18.9 ± 12.9 0.941

Underlying chronic liver disease 0.082 0.191

HBV infection 147 (89.6%) 19 (90.5%) 18 (94.7%) 17 (89.5%)

HCV infection 18 (11.0%) 7 (33.3%) 1 (5.3%) 5 (26.3%)

Other 2 (1.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Child-Pugh grade 0.74 1

A 146 (89.0%) 18 (85.7%) 17 (89.5%) 17 (89.5%)

B 18 (11.0%) 3 (14.3%) 2 (10.5%) 2 (10.5%)

ECOG score 0.725 0.105

0 1 (0.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

1 144 (87.8%) 18 (85.7%) 15 (78.9%) 18 (94.7%)

2 19 (11.6%) 3 (14.3%) 4 (21.1%) 1 (5.3%)
fron
BMI, Body mass index; AFP, alpha-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus; ECOG, Eastern Cooperative Oncology Group.
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after microwave ablation (MWA) as younger patients. However,

similar studies have not been performed extensively in elderly

patients undergoing cryoablation. Cryoablation is an extremely

effective treatment modality, more research on the cost-effectiveness

of cryoablation needs to be conducted to gain more insight into the

most suitable surgical population.

In the current study, we compared the baseline characteristics and

prognosis of patients in different age groups and found some

differences between these groups. We observed significant

differences in the distribution of hepatitis virus types and tumor-
Frontiers in Oncology 08
related mortality. Among them, with increasing age, the probability of

liver cancer is higher in HCV-infected patients, but lower in HBV-

infected patients, which is similar to the results of other studies (17,

18). The reason behind this phenomenon may be due to the older age

of HCV-infected patients than HBV-infected patients. We consider

that elderly patients are a particular population with unique

characteristics. Therefore, after matching patients in the older and

younger groups by propensity score matching, we found that patients

in the older group had shorter overall survival and lower rates of

tumor progression. In addition, there were no significant differences
TABLE 4 Prognostic outcomes before and after matching.

Variable Younger (n=164) Elderly (n=21) P value Younger (n=19) Elderly (n=19) P value

Short-term outcomes

Complete ablation 146 (89.0%) 19 (90.5%) 1.000 18 (94.7%) 17 (89.5%) 1.000

Minor complications 64 (39.0%) 6 (28.6%) 0.352 10 (52.6%) 5 (26.3%) 0.097

Major complications 8 (4.9%) 0 (0.0%) 0.642 0 (0.0%) 0 (0.0%) NA

Long-term outcomes

Death 12 (7.3%) 1 (4.8%) 1.000 1 (5.3%) 1 (5.3%) 1.000

Tumor-specific death 7 (4.1%) 0 (0.0%) 0.813 0 (0.0%) 0 (0.0%) NA

OS 44.9 ± 30.0 47.7 ± 29.2 0.689 77.6 ± 38.6 46.6 ± 28.8 0.008

Tumor progression 78 (47.6%) 9 (42.9%) 0.684 13 (68.4%) 7 (36.8%) 0.050

PFS 22.8 ± 19.6 33.2 ± 29.3 0.126 25.6 ± 25.5 35.0 ± 29.9 0.303
fron
OS, overall survival; PFS, progression-free survival; NA, not available.
FIGURE 4

Kaplan–Meier curves for overall survival (OS) of patients with small hepatocellular carcinomas after cryoablation. The log-rank test showed significant
difference between the elderly and young groups (P <0.01).
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FIGURE 5

Kaplan–Meier curves for progression-free survival (PFS) of patients with small hepatocellular carcinomas after cryoablation. The log-rank test showed no
significant difference between the four groups (P =0.21).
TABLE 5 Univariate and multivariate analyses of factors associated with overall survival (OS).

Univariate Multivariate

95% CI 95% CI

HR Lower Upper P value HR Lower Upper P value

Age, years 0.97 0.92 1 0.300

Sex, male 0.29 0.038 2.2 0.230

BMI 0.99 0.37 2.7 0.980

Family history of HCV 1.3 0.3 6.1 0.700

Family history of HBV 1.1 0.62 2 0.710

Alcohol 3.3 1 11 0.045

Smoke 1.6 0.5 4.8 0.450

Diabetes 0.69 0.09 5.3 0.720

Tumor size, cm 0.82 0.39 1.8 0.620

Child-Pugh grade 8.5 3 24 <0.001 3.1 1.5 19 <0.001

ECOG score 1 0.31 3.3 0.990

AFP, mg/L 1 1 1 0.550

Platelet count (×109/L) 0.98 0.97 1 0.034

Albumin, g/L 0.83 0.75 0.91 <0.001 0.85 0.77 0.95 0.004

Total bilirubin, mmol/L 1 1 1 0.017 1 1 1.1 0.024
F
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BMI, Body mass index; AFP, alpha-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus; ECOG, Eastern Cooperative Oncology Group.
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in short-term postoperative outcomes and PFS between the two age

groups after matching, indicating that the safety and progression-free

survival of CA did not vary with age, further implying that the

survival outcomes of the older group were not worse than those of the

younger patients, as shown in Table 4. These findings suggest that

older patients can benefit equally from CA compared to younger

patients with similar liver function and tumor burden.

Over the decades, many biomarkers have been shown to be

effective predictors of liver tumor recurrence and prognosis,

including Child-Pugh grade, alpha-fetoprotein (AFP), alanine

aminotransferase (ALT), albumin (ALB), and TBIL (19–21).

Among them, the Child-Pugh and Model for End-Stage Liver

Disease (MELD) scores are well-known prognostic tools for liver

function and have been widely used in the prognosis of patients with

liver disease. The Child-Pugh grade is used as a frequently used tool to

assess liver function and predict postoperative outcomes, including

subjective variables such as ascites, TBIL and encephalopathy. Several

previous studies have found a strong sensitivity of the Child-Pugh

grade in predicting the prognosis of various treatment modalities for

HCC. Zhang et al. showed that the Child-Pugh grade can be used as

an independent risk factor to predict the prognosis of microwave

ablation procedures for HCC. Huang et al. found that the Child-Pugh

grade performed better in predicting the prognosis of HCC patients

undergoing hepatectomy and was more accurate than the ALBI score.

In the present study, Child-Pugh grade and TBIL were shown by Cox

regression analysis to be independent risk factors for predicting

prognosis in patients with small HCC, and these results were

similar to those of previous studies.

The Glasgow prognostic score, which includes serum albumin

levels and C-reactive protein, is a powerful prognostic assessment tool

for a variety of malignancies (22, 23). Among them, serum albumin

levels have been shown to play an essential role in the prognosis of

HCC. Several researchers found that albumin gene expression levels

and mRNA levels were significantly lower in liver tumor tissues

compared to normal human liver tissues (24, 25). A study by

Bağırsakçı et al. (26) showed that lower albumin levels were

associated with larger tumor volumes and higher AFP levels. Also,

they found that the adding of albumin to HCC cell lines significantly

inhibited the growth of tumor cells. Similar to these studies, in the

current study, we also found that higher serum albumin levels were a

protective factor for the prognosis of small HCC. The results of the

present study may contribute to further clarification of HCC-related

prognostic parameters.

There are some limitations to this study. First, the most significant

limitation of this study was the relatively small number of patients

>65 years old included, which may have diminished the statistical

power of the results. Future studies need to further expand the cohort

of patients of advanced age to elicit more reliable results. Second, this

was a single-center study with a relatively limited sample size

included. This may have affected the results of the study. Therefore,

the sample should be further expanded in future studies to validate

the findings of this study. Third, the applicable population for the

results of this study needs further discussion. In the Chinese

population, most HCC are caused by hepatitis B virus, however, in

the European and American populations, most HCC are caused by

hepatitis C virus and alcoholic. Therefore, more multicenter and
Frontiers in Oncology
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multiethnic studies need to be conducted to validate the findings of

this study. Fourth, the efficacy of CA is related to the surgical

technique. Surgical techniques of different physicians among

different centers may result in inconsistent prognostic outcomes.

In conclusion, this study shows that the elderly population can

achieve acceptable prognostic outcomes with PFS times similar to

those of younger people after treatment with CA. Also, we found that

Child-Pugh grade and TBIL were independent risk factors for poor

prognosis, while higher serum albumin levels was a protective factor.

Our findings further demonstrate the suitability of this type of surgery

for CA in elderly patients and provide a clinical reference for the

indication of surgery.
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