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ABSTRACT ____

BACKGROUND: Minimally invasive locoregional therapies have emerged as an important treatment modality for
hepatocellular carcinoma (HCC). Radiofrequency ablation (RFA) is a widely used intervention inducing coagulative
necrosis by delivering a high-frequency alternating current. The role of RFA in the management of early-stage HCC
requires clinical evaluation regarding long-term outcomes. OBJECTIVES: This study aimed to evaluate the efficacy
of RFA in a selected HCC patient population. METHODOLOGY: A retrospective descriptive study was conducted
at a tertiary care cancer hospital over a duration of six years. A total of 29 patients diagnosed with HCC with a single
lesion < 3cm in diameter, or up to three lesions each < 3cm, treated with RFA as the primary treatment, were included.
Data were retrieved from the hospital medical records and included demographic characteristics, tumor features, and
laboratory parameters. RFAs for all patients were performed using the Covedian ClosureFast™ RFA system. Kaplan-
Meier curve analysis was performed to calculate the overall survival probability of the participants. RESULTS: The
local recurrence and new lesion formation of HCC were present in 27.6% of the patients. The 27.6% of the patients
had mortality during the follow-up time period, with an overall survival duration of 5.28 years. Survival probability at
1 year was 100%, at 3 years was 96.6%, and at 5 years was 72.4%. CONCLUSION: RFA is a safe and effective
treatment modality for early-stage HCC, offering favourable survival outcomes and acceptable recurrence rates. It
provides a valuable curative option for small lesion HCC patients.
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Introduction ____

Hepatocellular carcinoma (HCC) is a leading cause of
cancer-related mortality and is the most common cause
of primary liver malignancies. The global burden of HCC
continues to rise, resulting from the increasing pre-
valence of chronic liver diseases.! Early detection of
HCC is crucial for improving survival outcomes. The
advances in diagnostic techniques and surveillance
programs for high-risk populations have allowed an
increasing number of patients to receive potentially
curative therapies.2
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The current curative treatment options for early stage-
HCC include surgical resection, liver transplantation,
and local ablative therapies.3 Surgical resection is the
primary treatment of choice in patients with preserved
liver function, whereas liver transplantation offers the
advantage of managing both malignancy and cirrhosis.
A vast majority of patients remained poor candidates
for surgical intervention, attributed to underlying
comorbidities, impaired hepatic reserves, or limited
availability of donated organs.4

PIR April - June 2026; 36(2) 88




Minimally invasive locoregional therapies have emerged
as an important treatment modality for patients unfit for
surgery. Radiofrequency ablation (RFA) is one of the
most widely used and effective treatment modalities for
small-sized HCC lesions.5 RFA induces coagulative
necrosis of the malignant tissue by delivering a high-
frequency alternating electrical current through an elec-
trode placed in the tumor. This modality offers targeted
destruction of the tumor while preserving the surroun-
ding viable liver parenchyma.é

RFA provides favourable clinical outcomes, particularly
for tumors measuring < 3cm in diameter, and has
achieved survival outcomes comparable to surgical
resections in carefully selected early-stage HCC patients,
with the additional advantages of minimal invasiveness,
shorter hospital stays, and lower complication rates.”
Despite these advantages, local tumor recurrence and
the development of new intrahepatic lesions remain sig-
nificant challenges following ablation therapy.8

The rising role of RFA in the management of early-stage
HCC requires evaluation of its clinical outcomes in
different clinical settings to understand its long-term
effectiveness. Therefore, the present study evaluated
the efficacy and clinical outcomes of RFA in a selected
patient population in a tertiary care cancer center.

Material & Methods ____

Study Design and Setting

A single-center retrospective descriptive study was
conducted at the Shaukat Khanum Memorial Cancer
Hospital and Research Centre, Lahore, Pakistan. The
medical records of patients diagnosed with HCC who

underwent RFA between October 2019 and October
2025 were reviewed.

Sampling

A total of 29 diagnosed patients of HCC with a single
lesion of < 3cm in diameter or up to three lesions each
measuring < 3cm with RFA as a primary treatment
fulfilled the inclusion criteria. Patients with vascular
invasion, lesions in proximity to major vessels, peri-
cardium, diaphragm, or liver capsule, and those with
decompensated liver disease were excluded.

Ethical Considerations
Ethical approval for the study was acquired from the
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Institutional Review Board of Shaukat Khanum Memorial
Cancer Hospital and Research Centre with IRB no. EX-
06-11-25-04 (dated 26 Dec 2025). Written informed
consent was obtained from all patients prior to under-
going radiofrequency ablation for hepatocellular carci-
noma, in accordance with institutional policy.

Data Collection

Data were retrieved from the hospital electronic medical
records and included demographic characteristics,
tumor features, and laboratory parameters such as
alpha-fetoprotein levels.

RFA was performed by using the Covedian Closure
Fast™ RFA system by an experienced interventional
radiologist. Patients were evaluated clinically and
radiologically before the procedure. Baseline laboratory
investigations, including complete blood count, coagu-
lation profile, and liver function tests, were reviewed.
The procedure was performed under sterile conditions
with continuous vital monitoring. Patients were posi-
tioned supine on the procedure table. Local anaesthesia
was administered at the site of needle insertion. The
lesion was localized using ultrasound or computed
tomography (CT) guidance. Imaging was used to
determine the optimal needle trajectory to safely access
the tumor while avoiding major vessels and surrounding
structures. A small skin incision was made, and the
Covedian ClosureFast™ RFA needle was carefully
advanced percutaneously into the center of the lesion.
After confirmation of the position of the needle, the
radiofrequency generator was activated, and the ablation
zone was maintained for the recommended duration. A
safety margin of 0.5-1 cm was included from the
surrounding liver tissue. After completion, the needle
was withdrawn, and a sterile dressing was applied.
Patients were kept under observation to assess for any
post-procedural complications. Follow-up imaging
studies, i.e., contrast-enhanced CT or MRI, were
reviewed to assess treatment response, local tumor
progression, recurrence, new lesion formation, and
survival.

Data Analysis

All collected data were entered into Microsoft Excel
initially and subsequently analyzed using SPSS version
27. Descriptive statistics were used to summarize the
baseline characteristics. Continuous variables were
expressed as mean and standard deviation, while
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categorical variables were presented as frequencies
and percentages. Kaplan-Meier curve analysis was
performed to calculate the overall survival probability
of the participants.

B'e_s_u'l'ts__

The mean age of the participants was 62.79 + 9.13, with
predominance of male gender (n =18, 62.1%). The mean
AFP level and size of lesion were 124.82 + 145.26 ng/ml
and 2.05 + 0.29, respectively. (Tab.1)

Variables Values
Age (Years) (Mean £ S.D.) 62.79£9.13
Gender
Male 18 (62.1%)
Female 11 (37.9%)
AFP level (ng/ml) (Mean + S.D.) 12482 +145.26
Lesion size (cm) 2.05+£0.29

Table 1: Demographic profile of the participants

Figure 1: Pre-procedural contrast-enhanced CT demonstrates an
arterially enhancing lesion (arrow) in segment VI of the liver (A).
Intra procedural CT images show accurate placement of the
radiofrequency ablation (RFA) needle (arrow) within the lesion (B).
Post-ablation changes are evident with intralesional gas bubbles
and surrounding ablation zone (arrow), consistent with immediate
post-RFA effect (C). Follow-up contrast-enhanced CT at 3 years
demonstrates a nodular arterially enhancing focus (arrow) along
the posterior margin of the ablation zone, suggestive of local tumor
recurrence (D).
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Both local recurrence and new lesion formation were
present in 8 (27.6%) patients (Tab.2). (Fig.1 & 2)
demonstrate tumor recurrence and complete treatment
response, respectively, in patients with HCC following
RFA.

Variables Values
Local Recurrence 8(27.6%%)
New Lesion in Other Liver Segments 8 (27.6%)

Table 2: Recurrence

Figure 2: Pre-procedural contrast-enhanced CT demonstrates an

arterially enhancing lesion (arrow) in segment VIl of the liver (A).

Follow-up contrast-enhanced CT at 1 year shows a well-defined

post-ablation zone in segment VII with no residual or recurrent

enhancing component (arrow), consistent with complete treatment
response (B).

The area under the Kaplan-Meier survival curve indicated
a mean overall survival duration of 5.28 years. The
survival probability at 1 year was 100% (95% CI:100-
100%), at 3 years was 96.6% (95% CI: 89.9%-100%),
and at 5 years was 72.4%. A total of 8 deaths occurred
during the follow-up time interval. Of these 8 patients,
3 had local recurrence of the tumor, and 4 had new
lesions in other intrahepatic segments. (Fig.3)
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Figure 3: Kaplan-Meier curve for overall survival
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Di .
HCC remains a major cause of cancer-related mortality
worldwide, and early-stage disease can be effectively
managed with minimally invasive locoregional therapies
such as RFA. The present study evaluated the efficacy
and clinical outcomes of RFA in patients with HCC,
supporting its use as a curative treatment that provides
favourable survival outcomes with acceptable recurrence
rates.

Tumor recurrence remains the most significant challenge
following RFA for HCC and is a major determinant of
long-term prognosis. Local recurrence was observed
in 27.6% of patients, and new intrahepatic lesions were
identified in 27.6% of cases. Yang et al. also retros-
pectively assessed the recurrence rate of HCC following
RFA. The overall recurrence rate was 50.7%, with most
patients (68.03%) experiencing early recurrence and
31.9% experiencing late recurrence. The most common
pattern of recurrence identified was intrahepatic distant
recurrence.? Lee et al. reported that for small-sized HCC
lesions managed with RFA, the cumulative incidence
of intrahepatic distant recurrence was 22.3%, and for
extrahepatic metastasis was 2.4%. The variability in
reported recurrence rates may be due to differences in
imaging modalities used and operator expertise.10
The major factor responsible for local tumor recurrence
is the tumor size. Lesions larger than 3cm are associated
with higher recurrence rates due to difficulty achieving
complete ablation and adequate safety margins.11 A
significant factor leading to local recurrence is the "heat-
sink effect," where adjacent blood vessels absorb
thermal energy, hindering sufficient tumor ablation.12
Moreover, insufficient ablative margins (<5-10 mm) have
been significantly correlated with a high risk of local
tumor progression.13 These findings underscore the
necessity of attaining total tumor necrosis with a
sufficient safety margin during the first surgery. Other
independent risk factors associated with HCC recurrence
are male gender, age over 60 years, AFP levels, and the
number of HCC lesions.14

Survival outcomes in the present study were highly
favourable, highlighting the effectiveness of RFA as a
curative treatment modality in patients with early-stage
HCC. Bai et al. reported that the overall survival rates
at1, 3, 5, and 10 years were 94.8%, 75.7%, 61.6%, and
47 .3% for the initial HCC and 91.9%, 71.2%, 58.7%, and
45.2% among the recurrent HCC.15 Doyle et al. reported
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that the survival rate at 1,3 and 5 years after RFA for
lesions < 2cm were 98.2%, 86.2% and 79.0%. The
survival rate for HCC lesions > 2cm at 1, 3, and 5 years
were 93.3%, 77.6%, and 70.9%, respectively.16 Chen et
al. had also reported the efficacy of RFA for HCC lesions
with the findings that the overall survival rate at 1, 3,
and 5 years were 95.1%, 80.1%, and 69.2%, res-pectively,
with a median overall survival of 120 months.
Furthermore, the disease-free survival rates were 78.8%,
54.4%, and 43.4% at 1, 3, and 5 years, respectively.?
The high survival rate in this study could be attributed
to the strict selection criteria, including small tumor size
and early-stage HCC, which are known predictors of
favourable outcomes.

Several factors contribute to survival following RFA,
including tumor size and number, disease stage, and
liver function status. The small primary lesion size,
solitary lesions, or limited tumor burden are associated
with successful treatment outcomes and overall
improved survival. Patients with preserved hepatic
function generally demonstrate better survival outcomes
compared to those with advanced liver disease.18
Furthermore, the treatment-related factors, such as
achieving complete ablation with adequate safety mar-
gins, significantly affect survival outcomes. Incomplete
ablation may lead to early recurrence, adversely affecting
the long-term survival.19

RFA has been compared to surgical resection and
locoregional therapy, including microwave ablation
(MWA) and transarterial chemoembolization (TACE) for
early-stage HCC. While surgical resection is still the
preferred option for patients with preserved liver function,
RFA offers comparable survival rates in selected
patients, especially for tumors < 3 cm, with reduced
morbidity, shorter hospital stays, and repeatability.20
Both RFA and MWA are effective; however, MWA can
create wider and more uniform ablation zones with less
heat-sink effect.2! TACE is primarily used for interme-
diate-stage HCC and has lower survival rates than RFA
in early-stage disease, although combination therapy
(RFA + TACE) has improved outcomes in selected
patients with larger tumors.22 Overall, RFA remains a
cornerstone treatment for early HCC due to its favorable
balance between efficacy, safety, and minimally invasive
nature.

The retrospective study design may introduce selection
bias and could limit the ability of the study to establish
a causal association. A single-center study with a
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relatively small sample size may limit the generalizability
of its findings to a broader population. The variations
in patient characteristics, severity of liver disease, and
tumor biology were not fully controlled and may have
influenced treatment outcomes. Furthermore, the
absence of a comparative group limits the ability to
directly compare the effectiveness of RFA with alternative
treatment modalities.

Conclusion _____

RFA is a safe, minimally invasive, and effective treatment
modality for patients with early-stage HCC, especially
for tumors measuring <3 cm. RFA demonstrated
favourable outcomes, with high 1-year and 3-year
survival rates and an acceptable 5-year survival rate.
The recurrence rate in terms of local tumor progression
and new intrahepatic lesions remained within com-
parable ranges. This procedure offers various advan-
tages, including reduced procedural morbidity, shorter
hospital stays, and the feasibility of repeated inter-
ventions in cases of recurrence, making it a valuable
alternative to surgical resection in carefully selected
patients. These findings support the role of RFA as a
curative treatment regimen for small-sized HCC lesions,
especially in patients unfit for surgical intervention.
Future prospective multicentre studies with larger
sample sizes and standardized protocols are required
to confirm these findings regarding the long-term
efficacy of RFA in HCC.
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