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Abstract

Objective. This study aimed to thoroughly assess and evaluate recent studies comparing radiofrequency ablation (RFA) and sur-
gical resection in older patients with hepatocellular carcinoma (HCC). Methods. We searched the databases PubMed, Scopus,
and Cochrane for articles published up to 31 October 2024. This review included studies comparing RFA and surgical resec-
tion in individuals with HCC aged 65 years or older. The exclusion criteria were non-human research, case reports, editorials,
and studies involving patients with liver metastases or cholangiocarcinoma. Results. We found four retrospective cohort stud-
ies. The derived data showed no difference in one-year survival rates. However, the RFA group exhibited a better disease-free
survival rate and a lower mortality rate than the surgical resection group. Conclusion. RFA outperformed surgical resection
in terms of overall and disease-free survival rates while showing no appreciable variation in the occurrence of complications.
However, this study underscores the need for more extensive research utilizing larger sample sizes, particularly in low- and

middle-income countries.
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Introduction

Hepatocellular carcinoma (HCC) is a primary ma-
lignancy of the liver and one of the most common
and aggressive forms of cancer worldwide (1, 2).
The prevalence of HCC varies geographically, with
higher rates in regions such as East Asia and sub-
Saharan Africa, largely due to the endemic nature
of hepatitis B virus infections in these areas (2, 3).
However, in developed regions such as Europe,
the United States, or Japan, the hepatitis C virus
(HCV) has been identified as a leading etiological
factor for HCC (3). The relationship between HCC
and HCV infection is well established. Studies
conducted between 1992 and 2000 indicated that
over 70% of patients with HCC tested positive for
HCV, highlighting a strong connection between
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the virus and the onset of liver cancer. The process
through which HCV causes HCC involves chron-
ic inflammation and liver damage that can eventu-
ally lead to cirrhosis and, subsequently, the onset
of cancer (4, 5).

The demographic profile of HCC patients is
changing, with a notable increase in the number
of older patients, especially in Japan. This trend
can be attributed to several factors, including ad-
vancements in healthcare that have increased life
expectancy, an aging population, and the increas-
ing age of individuals infected with HCV. As these
individuals age, their risk of developing HCC in-
creases due to the prolonged latency period be-
tween HCV infection and the onset of liver cancer.
The aging HCV-infected population poses a sig-
nificant public health challenge, as it increases
the number of older HCC patients and compli-
cates treatment. Compared with younger patients,
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older patients frequently encounter additional
health concerns and may have a reduced capaci-
ty to endure aggressive treatments. This trend has
resulted in an increased demand for research into
HCC treatments that are more suitable for elderly
patients. Such research focuses on advancing less
invasive therapies, personalized treatment strate-
gies that consider the patient’s overall health and
specific cancer traits, and exploring new therapeu-
tic agents with reduced side effects (6).

Physicians primarily treat HCC with trans-
catheter arterial embolization, percutaneous abla-
tion therapy, and surgical resection. While surgery
has long been viewed as the preferred method, its
application is frequently limited by factors such as
underlying liver cirrhosis or the existence of multi-
ple tumors (7). Liver transplantation can be highly
effective in certain cases. However, the limited
supply of donor organs constrains the availability
of liver transplantation (8). Radiofrequency abla-
tion (RFA) has gained significant global popularity
among non-surgical options. RFA is especially ef-
fective for early-stage HCC, providing a minimally
invasive and highly curative treatment that is now
recognized as a standard option alongside liver re-
section. However, recent guidelines have not fully
recommended the use of RFA in place of surgical
resection, which may be due to the lack of studies
supporting its efficacy and safety (9, 10).

Elderly patients often present with multi-
ple health concerns and are generally considered
at higher risk for major surgical procedures (11).
Recent studies have demonstrated that RFA can be
performed in older HCC patients with satisfactory
efficacy (12-15). However, the findings of various
studies still differ. Peng et al. indicated that RFA
demonstrated superior efficacy compared with he-
patic resection in patients with HCC =3 cm (15)
Guangzhou, China. Written informed consent was
obtained from each patient before treatment. As
an initial treatment, 89 patients were treated by
RFA and 91 patients by HR. The survival curves
were constructed by the Kaplan-Meier method
and compared by log-rank test.\nRESULTS: The
1-, 3-, and 5-year overall survivals were 93.2%,
71.1%, and 55.2% for the RFA group and 88.8%,

62.8%, and 51.9% for the HR group, respectively
(P = .305. Furthermore, a recent study by Kim et
al. revealed that RFA exhibits a non-inferior thera-
peutic effect compared to resection (12). Yoo et al.
published a systematic review of this topic encom-
passing a literature search up to March 2022, which
also discusses that RFA has shown similar results
to surgical treatment for earlier stages of HCC
and is of peak interest as it may be a better man-
agement option for elderly patients who are more
prone to surgical complications (14). However,
recent studies have provided new evidence, so an
updated meta-analysis is warranted.
Consequently, this study aimed to review and
synthesize the latest research comparing RFA and
surgical resection in older patients with HCC.

Methods
Information Sources and Search Strategy

We conducted a literature search using the data-
bases PubMed, Scopus, and Cochrane. This study
focused on identifying research that compares
the efficacy and safety of RFA and surgical resec-
tion in elderly patients with HCC . The main out-
comes assessed were efficacy, measured by overall
survival or disease-free survival rates, and safety,
evaluated based on postprocedural complica-
tions. We used the following key terms : “Elderly”,
“Hepatocellular Carcinoma’, “Radiofrequency
Ablation”, and “Surgical Resection” We used the
term ‘elderly’ as a key term since it aligns with
commonly used terminology in gerontological re-
search (=65 years old). Figure 1 shows the study’s
PRISMA flowchart.

Study Eligibility Criteria

The two authors established the eligibility crite-
ria. We defined the following inclusion criteria:
(1) clinical trials as the research design; (2) RFA
or surgical resection as the intervention; (3) el-
derly patients (265 years old) with HCC as the
study population; (4) surgical resection as the
comparison; and (5) outcomes, including safety
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Figure 1. Flow diagram of the literature search strategy.

from complications and eflicacy on the overall
survival rate or the disease-free survival rate. We
established the following exclusion criteria: non-
human research (1), case reports (2), editorials (3),

Records removed before
screening:
- Duplicates removed
(N=36)

Studies excluded by title and
abstract:
(N=521)

Studies excluded:
- Wrong population (N=4)
- Wrong outcome (N=1)
- Wrong intervention
(N=1)

patients with liver metastases (4), and cholangio-
carcinoma. . Table 1 summarizes the research eli-
gibility criteria.
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Table 1. Study Eligibility Criteria

Category Inclusion Criteria

Exclusion Criteria

Participants Elderly patients (= 65 years old) with HCC

Studies with patients <65 years old, patients with liver
metastases, and cholangiocarcinoma

Intervention RFA or surgical resection

Comparison Surgical resection =
Safety from complications and efficacy on the overall
Outcome . . .
survival rate or the disease-free survival rate
Study design Clinical trials Non-human research, case reports, and editorials

Data Extraction

The authors thoroughly documented the main
conclusions and pertinent data from all the studies
included in this review. The following information
was acquired: (1) author and publication year; (2)
study attributes, including design and setting; (3)
study population, including sample size and av-
erage age; (4) intervention; and (5) study results,
which include the evaluated parameters and sig-
nificance (P-values). The two authors of this study
created the data extraction criteria .

Results
Study Characteristics

This research included four retrospective cohort
studies : two conducted in Italy, one in South
Korea, and one in China. The studies were con-
ducted between 2013 and 2024. Older individuals
with HCC diagnosed with Child-Pugh class A or
B, without evidence of hepatic metastases, partici-
pated in the included trials. The patients were cat-
egorized into two groups: the first group received
RFA treatment, whereas the second group under-
went surgical resection. In both groups, the as-
sessed outcomes were effectiveness and the safety
profile. Survival rates at one, three, and five years
were used to assess effectiveness. Following each
surgery, issues related to the safety profile were
reported. We present a summary of the included
studies in Table 2.

Overall Survival Rate

The data derived from the studies show no discern-
ible difference in one-year survival rates between
the two intervention groups. Despite variations
in study design and patient populations, the col-
lective findings suggest that both interventions
do not confer a meaningful benefit in extending
survival at the one-year mark. For example, Kim
et al. (12) report a one-year overall survival rate
of 95.6% for RFA and 98.6% for resection—a dif-
ference of only 3%. Similarly, Filippo et al. (16)
report rates of 86% for RFA and 89% for resec-
tion. However, the three-year survival rate shown
by Peng et al. (15) shows a significant association
between RFA and enhanced survival outcomes,
with RFA at 71.1% and resection at 62.8%. Peng
et al’s findings show that patients who underwent
RFA had notably higher survival three years post-
treatment than the surgery group. There were only
two studies that assessed the 5-year overall surviv-
al rate. Both studies indicate that individuals who
underwent surgical procedures may have signifi-
cantly reduced survival probabilities over a five-
year period.

Disease-free Survival Rate

Two studies were conducted to ascertain disease-
free survival rates. The findings of the studies reveal
a robust and statistically substantial impact of RFA
compared to the surgical approach, which signifi-
cantly enhanced the 1-year and 3-year disease-free
survival rates. This minimally invasive technique
improves overall survival and demonstrates a




Table 2. A Summary of the Included Studies
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Study population Efficacy
Author, StUdY Stu('jy Resec- Complications
year location design L Sample  Mean age, RFA .
Characteristics . Parameter tion P
size (N) years (SD) (%) %)
Peng et Guang- Retro- Older people aged RFA: 89 RFA:70.4 (4.9) 1-yearsur- 93.20 88.80 0.305 90-day mortality rate:
al., zhou, spective  over 65 LR: 91 LR:68.7 (3.3)  vival rate RFA: 0%
2013 (15)  China cohort LR: 1.1%
One HCC lesion with
a diameter of 5.0 cm, Pain (P=0.025)
or three HCC lesions 3jyearsur- LIRS0 Grade 1 (RFA: 19, LR: 10)
with a diameter of vival rate Grade 2 (RFA: 13, LR: 29)
less than 3.0 cm each Grade 3 (RFA: 1, LR: 9)
5.-year sur- 5520 51.90 Fever (>38.5) (P=0.014)
No radiologic indi- vival rate Grade 1 (RFA: 24, LR: 25)
. . Grade 2 (RFA: 2, LR: 17)
cation of an inva-
Efa’:]'c';]t:::fthm:'" Ascites (P<0.001)
portal or hepatic vein Gret | iz iz
Grade 2 (RFA: 0, LR: 8)
No metastases out-
side the liver
Lesions that are
apparent on ultraso-
nography and that
have a reasonable
and secure passage
from the lesion to
the skin
ClassAorB
Child-Pugh illness
Conticchio Multi- Retro- Older people aged RFA: 98 RFA:75(5.48)  1-year 66.40 89.90 0.001 90-day mortality rate
etal, 2020 center: spective  over 70 LLR: 86 LLR: 75.7 disease- (P=1.0)
(13) France, cohort (4.91) free sur- RFA: 3%
Spain, Swit- A single HCC with a vival (DFS) LLR: 2%
zerland, diameter of less than
Italy 3 cm and no signs of Liver failure (P=0.03)
extrahepatic illness RFA: 1%
or significant portal/ 3-year 38 67 LLR: 8%
hepatic vein branch .
invasion e Gl Ascites (P=0.15)
vival (DFS) MARE 22
LLR: 6%
Completed LLR/RFA 1-year 90.10 96.30 0.001 Postoperative compli-
overall cations
survival RFA: 15%
A or B Child-Pugh (0S) LLR: 31%
class
3-year 67 90
overall
survival
(0S)
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Continuation of Table 2.

Study population Efficacy
Author StUdY St“f‘y Resec- Complications
year location design L Mean age, RFA .
Characteristics Parameter tion P
years (SD) (%)
(%)
Filippoet  Multi- Retro- Older people aged RFA:82.2(2.5) 1-year 59.40 87 0.007  90-day mortality rate
al, 2023 center: spective 80 and above LR:82.4 (2.4)  disease- (P=0.707)
(16) France, cohort free sur- RFA: 2%
Spain, Swit- HCCin BCLC stage vival (DFS) LR: 6%
zerland, 0/A, with a maximum
Italy diameter of 5cm 2-year 50.70 76 Liver failure (P=0.048)
disease- RFA: 0%
A maximum of three free sur- LR: 12%
tumor nodules vival (DFS)
Ascites (P=0.013)
Lack of metastases RFA: 0%
outside the liver S 4240 60.50 LR: 15%
There is no radio- ;:hsease— Postoperative complica-
i ree sur- .
logical proof that vival (DFS) tions (P<0.001)
the tumor has RFA: 11%
invaded the main LR: 49%
portal or hepatic vein 1-year 86 89 0.144
branches overall
survival
A or B Child-Pugh (09)
class
2-year 68 87
Overall Sur-
vival (OS)
3-year 60.50 77
overall
survival
(0S)
Kimetal, South Retro- Older people aged RFA:70 (4.44)  1-year 956 98.6 <0.001 N/A
2024 (12) Korea spective 65 and above LR: 68 (4.44) overall
cohort survival
Tumor size smaller (0S)
than 3 cm
HCCin BCLC stage 3-year 827 915
0/A overall
survival
(0S)
5-year 679 838
overall
survival
(0S)

HCC=Hepatocellular carcinoma; RFA=Radiofrequency ablation ; LR=Liver resection; LLR=Laparoscopic liver surgery; BCLC=Barcelona Clinic Liver Cancer.;
DFS=Disease-free survival; 0S=Overall survival.

notable advantage in achieving disease-free inter-  Safety Profiles
vals compared to surgical interventions.

According to Peng et al. (15), the surgical resection
group exhibited a mortality rate of 1.1%, as one pa-
tient died during the same hospital stay. In con-
trast, no in-hospital mortality was reported for the
RFA group. Additionally, according to Conticchio




et al. (13), the RFA group’ s 90-day mortality rate
was slightly higher than that of the surgical resec-
tion group (3% vs. 2%, respectively). However,
Filippo et al. (16) discovered that the RFA group
exhibited a lower mortality rate (2% vs. 6%) than
the surgical resection group.

Discussion

RFA is a minimally invasive treatment option for
various liver tumors, including HCC. By generat-
ing heat through radiofrequency waves, it induces
coagulative necrosis, effectively destroying cancer
cells. RFA involves inserting a small needle elec-
trode into the tumor utilizing ultrasonic or CT
scan guidance. Once installed, radiofrequency ra-
diation is applied, causing ions to rapidly vibrate
and generate heat, which destroys tumor cells
within minutes. When a patient is not eligible for a
liver transplant or has small, early-stage HCC that
cannot be treated with surgery, RFA is highly ef-
fective. Additionally, it can be applied to individ-
uals with multiple tumors or in conjunction with
other therapies. RFA offers several benefits over
conventional surgery, including reduced postoper-
ative discomfort, shorter hospital stays, and faster
recovery times (17).

Furthermore, Peng et al. (15 ) also found that
26 patients in the RFA group and 42 patients in the
surgical resection group developed post-treatment
fever, defined as an axillary temperature exceeding
38.5 °C after treatment (P=0.014). Thirty-three pa-
tients in the RFA group and forty-eight patients in
the resection group required analgesics (P=0.025).
Ascites, cardiac issues, liver failure, transient isch-
emic attacks, pulmonary infections, hepatobiliary
disorders, pleural effusions, postoperative hem-
orrhage, and acute renal injury were among the
other significant side effects that the hepatic re-
section (HR) group encountered. One patient in
the RFA group was diagnosed with hepatobiliary
disease and pleural effusion. The RFA group ex-
perienced significantly shorter hospital stays (8.01
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days + 2.70 days versus 13.50 days + 4.05 days,
P<0.001) than the HR group.

This study indicates that RFA is more effective
than surgical resection in survival and disease-
free survival rates for older patients with HCC.
These findings are consistent with those of previ-
ous studies on non-elderly populations. According
to Huang et al., resection and RFA demonstrate
comparable efficacy regarding long-term surviv-
al rates and tumor recurrence in HCC patients
(18). Numerous studies have demonstrated the ef-
fectiveness and safety of surgical interventions for
HCC in older adults, with most indicating similar
survival rates and safety profiles to those of young-
er patients (19-21). However, research specifically
examining these aspects of RFA in older popula-
tions is limited. In a cohort of 1 000 patients treat-
ed with RFA, Tateishi et al. found no statistically
significant difference in the 3-year survival rate be-
tween patients older than 68 years (76%) and those
younger than 68 years (79.2%) (22).

In addition to the effectiveness of RFA , it can
also be used in multi-modality with laparoscopy
and thoracoscopy, which has been associated with
a shorter hospital stay and a less invasive proce-
dure. However, further studies may be needed to
consider it the standard treatment for HCC (23).
Although RFA has demonstrated beneficial effects,
it is currently recommended primarily for patients
who are ineligible for surgery due to comorbidi-
ties or a high risk of surgical complications. There
are suggestions to combin e RFA with transcath-
eter arterial chemoembolization to prevent local
and distant tumor rec urrence in patients with
HCC with a diameter of >3 cm. Hence, RFA alone
is not recommended for patients with HCC with a
diameter of >3 cm, as it is related to poor progno-
sis of distant tumor recurrence, even though pa-
tients with good liver function (Child-Pugh class
A) might be eligible for RFA treatment (24).
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Strengths and Limitations

This review has both advantages and disadvantag-
es. Direct comparisons were possible because of
significant similarities in the outcomes of the in-
cluded studies. However, the authors acknowledge
that this study has several limitations. The includ-
ed studies exhibit a considerable degree of hetero-
geneity. Therefore, future research should focus
on conducting randomized controlled trials with
larger sample sizes to generate more robust clini-
cal recommendations.

Conclusion

In conclusion, RFA treatment offers similar overall
and disease-free survival rates compared to surgi-
cal resection. Furthermore, there is no identifiable
difference in the incidence of complications be-
tween the two therapies. This study recommends
further research with larger sample sizes to achieve
more definitive conclusions, particularly in low- to
middle-income countries or regions with predom-
inantly older populations.

What Is Already Known on This Topic:

Hepatocellular carcinoma (HCC) can be treated by transplantation,
surgical resection, transcatheter arterial embolization, or percutaneous
ablation therapy. Although surgery has traditionally been considered
the preferred approach, its use is frequently limited by considerations
such as underlying conditions. Radiofrequency ablation (RFA) has
gained significant global popularity among non-surgical options.

What This Study Adds:
RFA treatment achieves comparable rates of overall and disease-free
survival.
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