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Objective: Hepatocellular carcinoma (HCC) remains one of the leading causes of cancer-related mortality worldwide. Although
surgical resection and liver transplantation are considered curative, recurrence is common, especially after hepatectomy.
Radiofrequency ablation (RFA) offers a minimally invasive alternative for treating recurrent HCC. However, its efficacy is influenced
by tumor location and imaging guidance. This study aims to compare the outcomes of CT-guided and US-guided RFA in patients with
single small recurrent HCCs located in the subdiaphragmatic region after hepatectomy.

Methods: In this retrospective single-center study, we included patients who received RFA for recurrent HCC following curative
hepatectomy between 2008 and 2020. Patients were categorized into CT-guided or US-guided RFA groups. RFA was performed by
experienced interventional radiologists, and follow-up imaging was conducted every 3—6 months to assess recurrence. The primary
outcome was recurrence-free survival (RFS), and the secondary outcome was overall survival (OS).

Results: In this study, 59 and 32 patients with subdiaphragmatic lesions underwent CT-guided- and US-guided RFA, respectively, for
single recurrent HCC. The CT-guided group showed larger tumor size, lower recurrence rates, and significantly better RFS in Kaplan-
Meier analysis compared to the US-guided group (49.5 months vs 35.7 months, p value= 0.042). Multivariate analysis confirmed
a superior RFS hazard ratio (HR=0.551) for CT-guided RFA, although the overall survival showed no significant difference. Major
complications were absent in both groups.

Conclusion: CT-guided RFA provides improved RFS for subdiaphragmatic recurrent HCC, highlighting its potential as a preferred
technique for challenging anatomical locations. Further multicenter prospective studies are necessary to validate these findings and
assess the long-term survival outcomes.
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Introduction

Hepatocellular carcinoma (HCC) is the third most common cause of cancer-related death worldwide.' Curative therapies
for HCC include liver resection, transplantation, and ablation.” However, the recurrence rates after hepatectomy and
transplantation are approximately 70% and 15%, respectively.®> For surgeons, repeat operations for recurrent HCC are
challenging due to altered anatomy, dense adhesions, and hepatic insufficiency, all of which increase the surgical
complexity.* RFA may offer a solution to overcome these issues. The treatment outcomes of percutaneous RFA have
been shown to be comparable to surgical hepatectomy in both primary and recurrent HCC.>® Furthermore, with
advancements in navigation systems and high-resolution imaging tools—such as computed tomography (CT) and
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ultrasound (US)—the complication rates associated with RFA have decreased, and clinical outcomes have improved in
recent years.”®

Although RFA provides a curative alternative for patients who are not candidates for surgery, its success depends
heavily on tumor location and the guiding modality.”'® CT-guided RFA allows visualization of the entire liver, including
the subdiaphragmatic region and liver tip.'” US-guided RFA enables real-time monitoring of needle placement and
intraprocedural bubble formation. However, CT-guided RFA is generally more costly and less accessible compared to
US-guided RFA.'""'? Additionally, ultrasound windows may be limited for deeper lesions or may be obscured by air or
bone, reducing visibility compared to CT. Therefore, in cases of recurrent HCC located in the subdiaphragmatic regions,
tumor visibility and operator confidence under US guidance may be insufficient to ensure high-quality ablation.

A previous study demonstrated that ethiodized-oil CT-guided RFA resulted in better outcomes than US-guided RFA
for primary HCCs located in the subdiaphragmatic regions.'”> However, in recurrent HCCs, the hepatic segments are
often altered due to previous resection. Most existing studies have only evaluated the outcomes of RFA for recurrent
HCC using a single imaging modality.>*'%!'* To our knowledge, no prior study has directly compared CT-guided and
US-guided RFA for recurrent HCC after hepatectomy. The aim of this study is to compare the outcomes of CT-guided
versus US-guided RFA in patients with a single small recurrent HCC located in the subdiaphragmatic region. We
hypothesized that for recurrent HCCs located within 1 cm of the diaphragm, CT-guided RFA would result in better
prognosis than US-guided RFA.

Methods

Patient and Data Collections

This retrospective single-center cohort study enrolled patients who underwent RFA for HCC following liver resection at
National Taiwan University Hospital (NTUH) between January 2008 and December 2020. The inclusion criteria were as
follows: 1) patients had received hepatectomy for primary HCC at NTUH; 2) no additional medical treatments were
administered after surgery; 3) HCC recurrence was confirmed either by pathological examination or typical imaging
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features, and the patient received percutaneous RFA treatment; 4) the patient had regular follow-up at NTUH, including
imaging studies every 3—6 months. The exclusion criteria were: 1) recurrence involving more than one HCC lesion; 2)
the distance between the tumor and the diaphragm or heart was greater than 1 cm; 3) incomplete or missing medical
records. The RFA procedures were primarily performed by two senior interventionalists (Po-Chin Liang, Chih-Horng
Wu), both with over 15 years of consistent clinical experience in RFA. They are certified as instructors for tumor ablation
by Taiwan Society of Interventional Radiology to ensure a comparable and proficient level of technical expertise
throughout the study. The protocol and the request for the waiver of informed consent for retrospective collection of
medical records (Department of Medical Imaging, from Jan, 2005 to Mar, 2022) have been approved by the 157th
meeting of Research Ethics Committee B of the National Taiwan University Hospital (NTUH-202204096RINB) on
May 27, 2022.

Clinical Variables and Follow up

In this study, the enrolled patients were divided into two groups: CT-guided and US-guided RFA. Liver function was assessed
using the Albumin-Bilirubin (ALBI) score. The ALBI score was calculated based on serum albumin and total bilirubin using
the following formula: (log;, [total bilirubin, umol/L] X 0.66) + ([albumin, g/L] x —0.085). The ALBI grade was then
classified as follows: Grade 1 (score < —2.60), Grade 2 (-2.60 = score < —1.39), and Grade 3 (score =—1.39)." Following
RFA, dynamic computed tomography (CT) or magnetic resonance imaging (MRI) was performed 1-2 months after the
procedure to evaluate technical efficacy. If no viable tumor was identified, follow-up imaging or alpha-fetoprotein (AFP)
levels were assessed every 3—6 months to monitor for recurrence. A major complication was defined as any adverse event
occurring after RFA, such as vascular injury, pneumothorax, diaphragmatic injury, or fulminant hepatic failure. The primary
endpoint of the study was HCC recurrence after RFA. Recurrence-free survival (RFS) was defined as the interval between the
date of RFA for recurrent HCC and the date of last follow-up or recurrence diagnosis. The secondary endpoint was patient
mortality. Overall survival (OS) was defined as the interval between the date of RFA for recurrent HCC and the date of death.

CT-Guided RFA: Procedure

CT-guided RFA was performed in four sequential steps: First, tumor tagging with ethiodized oil (Lipiodol, Andre
Guerbet, Aulnay-sous-Bois, France) was conducted in the angiographic suite. A catheter was positioned in either the
right or left hepatic artery to deliver approximately 2—-5 mL of Lipiodol, depending on tumor size. This technique
enhanced tumor visualization under CT imaging. Second, the patient was then transferred to the CT room and positioned
supine. Local or general anesthesia was administered based on tumor burden, expected procedure time, and anesthesiol-
ogist availability. Third, after anesthesia, a 21-gauge Chiba needle was inserted to determine the appropriate angle and
depth for the RFA needle. Multiple CT scans were performed to confirm the needle tip position. Fourth, the RFA needle
was then inserted parallel to the Chiba needle until the tumor was targeted. Ablation was performed until the ablation
zone fully encompassed the lesion with an adequate safety margin. Following the procedure, a repeat CT scan was
conducted to evaluate for potential complications.

US-guided RFA was performed in two main steps and was relatively more straightforward compared to CT-guided
RFA. First, the patient was transferred to the operating room, and anesthesia was administered using the same protocol as
in CT-guided RFA. Second, the RFA needle was inserted under real-time ultrasound guidance. Ultrasonographic
monitoring was performed throughout the ablation process. The endpoint of RFA was determined by the complete gas
bubble coverage over the viable tumor. In addition, a color Doppler map or microvascular imaging was used to assess for
potential bleeding. The post-procedural follow-up protocol was identical to that used in CT-guided RFA.

Statistical Analysis

Clinical data were retrieved from patients’ medical records. All statistical analyses were performed using R software
(version 4.3.1; R Foundation for Statistical Computing, Vienna, Austria). Descriptive statistics are presented as mean +
standard deviation for continuous variables and as counts for categorical variables. Differences between the two groups
were assessed using the independent samples #-test for continuous variables and the chi-squared test for categorical
variables. The Kaplan—Meier method was used to estimate recurrence-free survival (RFS) and overall survival (OS), and
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Figure | The flow chart for patients’ selection.

comparisons between the CT-guided and US-guided groups were made using the Log rank test. The effects of clinical
factors and guidance modalities on survival were evaluated using univariable Cox proportional hazards models. Variables
with a p-value < 0.5 in the univariable analysis were included in the multivariable analysis.

Results

Patients’ Characteristics

Among the study cohort, 187 and 117 patients received CT-guided and US-guided RFA, respectively, for single recurrent
HCC (Figure 1). In both groups, males were predominant, accounting for approximately 75% of the patients. Most
patients had liver function—related blood tests within the normal range. Over 80% of the patients were classified as ALBI
grade 1, with no significant differences between the two groups. There were also no significant differences in tumor size,
number of HCC recurrences, recurrence-free interval, number of deaths, or overall survival duration between the two
groups (Table 1). There were no significant differences in recurrence-free survival (RFS) or overall survival (OS)
between the two groups (Supplementary Figures E1 and E2).

Table | Characteristics of Patients with Single HCC Recurrence
After Hepatectomy

CT-Guided US-Guided P-value
Group (n=187) | Group (n=117)
Male, n (%) 140 (74.9%) 88 (75.2%) 0.946
Age (year) 65.1 £ 11.3 66.3 + 11.5 0.947
BMI (kg/m?) 25.1 £ 3.6 249 + 34 0.730
HBV-related, n (%) | 123 (65.8%) 74 (63.2%) 0.653
HCV-related, n (%) | 45 (24.1%) 34 (29.1%) 0.334
ALT (U/L) 37.7 £423 39.9 £335 0.515
(Continued)
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Table | (Continued).

CT-Guided US-Guided P-value
Group (n=187) | Group (n=117)
AST (U/L) 38.6 £ 285 40.6 + 28.5 0.382
PLT (K/uL) 150.2 + 56.8 153.4 + 58.7 0.740
Albumin (g/dL) 43+04 43+04 0.116
T-bil (mg/dL) 0.9+ 04 0904 0.589
Cre (mg/dL) I £ 1.1 I.I £0.7 0.676
PT (sec) 109 £ 0.7 109 + 0.7 0.536
INR 1.0 £ 0.1 1.0 £ 0.1 0.879
ALBI grade 0.663
Grade |, n (%) 153 (81.8%) 99 (84.6%)
Grade 2, n (%) 32 (17.1%) 18 (15.4%)
Grade 3, n (%) 1 (0.5%) 0 (0.0%)
Tumor size (cm) 22+08 2.1 +08 0.065
Recurrence, n (%) 95 (50.8%) 67 (57.3%) 0.272
Expired, n (%) 27 (14.4%) 27 (23.1%) 0.055

Abbreviations: CT, Computed Tomography; US, Ultrasound; BMI, Body Mass Index; HBY,
Hepatitis B virus; HCV, Hepatitis C virus; ALT, Alanine Transaminase; AST, Aspartate
Transaminase; PLT, Platelet; T-bil, Total Bilirubin; Cre, Creatinine; PT, Prothrombin Time;
INR, International Normalize Ratio; ALBI grade, Albumin-Bilirubin grade.

The Patients’ Characteristics of Single HCC at Subdiaphragmatic Region and Less

Than | Centimeter

Fifty-nine patients in the CT-guided RFA group and 32 patients in the US-guided RFA group had single HCCs located in the
subdiaphragmatic region (Figure 1). The CT-guided RFA group had a larger mean tumor size (2.4 cm) and a lower recurrence
rate (49.6%, 29/59) compared to the US-guided group (mean =2.0 cm, p = 0.019; recurrence rate = 71.9%, 23/32, p = 0.036).
More than 80% of patients in both groups had preserved liver function. No major complications occurred after RFA, and all
patients were discharged within 1 to 2 days post-procedure. Compared to the US-guided group, the CT-guided RFA group
showed a trend toward a longer recurrence-free period, although the difference did not reach statistical significance. No other

significant demographic differences were observed between the two groups (Table 2).

Table 2 Characteristics of Patients with Tumor Located Less Than | cm
from the Diaphragm

CT-Guided US-Guided P-value
Group (n=59) Group (n=32)
Male, n (%) 44 (74.6%) 28 (87.5%) 0.148
Age (year) 62.8 + 12.0 634+ 10.5 0.825
BMI (kg/m?) 258 + 4.1 25.6 + 3.4 0.763
HBV-related, n (%) 40 (67.8%) 23 (71.9%) 0.687
HCV-related, n (%) 12 (20.3%) 7 (21.9%) 0.863
ALT (U/L) 328 + 19.1 41.5 £ 30.1 0.096
AST (U/L) 345+218 40.6 £ 243 0.219
PLT (K/uL) 153.5 + 55.9 153.6 £ 59.7 0.997
Albumin (g/dL) 44+ 04 44 +04 0.393
T-bil (mg/dL) 09 +03 09 +04 0.576
Cre (mg/dL) 1.0£0.3 1.0 £0.3 0.481
PT (sec) 109 £ 0.8 10.8 £ 0.8 0.588
(Continued)
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Survival Analysis

Table 2 (Continued).

CT-Guided US-Guided P-value
Group (n=59) Group (n=32)
INR 1.0 £ 0.1 1.0 £ 0.1 0.642
ALBI grade
Grade |, n (%) 49 (83.1%) 28 (87.5%) 0.697
Grade 2, n (%) 9 (15.3%) 4 (12.5%)
Grade 3, n (%) 0 0
Tumor size (cm) 24+09 20+09 0.019*
Recurrence, n (%) 29 (49.6%) 23 (71.9%) 0.036*
Expired, n (%) 9 (15.3%) 7 (21.9%) 0.428

Note: *p < 0.05.

Abbreviations: CT, Computed Tomography; US, Ultrasound, BMI, Body Mass Index; HBY,
Hepatitis B virus; HCV, Hepatitis C virus; ALT, Alanine Transaminase; AST, Aspartate
Transaminase; PLT, Platelet; T-bil, Total Bilirubin; Cre, Creatinine; PT, Prothrombin Time;
INR, International Normalize Ratio; ALBI grade, Albumin-Bilirubin grade.

Survival analysis was performed to compare outcomes between patients undergoing CT-guided and US-guided RFA. The
Kaplan—Meier (KM) survival curves demonstrated that the CT-guided RFA group had significantly better recurrence-free
survival (RFS) than the US-guided group (Figure 2). In addition, univariate analysis showed that the CT-guided RFA
group had a significantly lower hazard ratio (HR) for RFS compared to the US-guided group (p < 0.05), indicating
superior outcomes. Multivariate analysis—including covariates with a univariate p-value < 0.5—also demonstrated
a statistically significant advantage in RFS for the CT-guided group (Table 3). However, there was no significant
difference in overall survival (OS) between the two groups (Figure 3). Furthermore, the univariate analysis results
were consistent with this finding (Supplementary Table E1). These results suggest that while CT-guided RFA may

improve local control, it does not translate into a significant survival benefit.
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Figure 2 The KM curve for RFS.
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Discussion

Table 3 Univariate and Multivariate Analyses of Recurrence-Free Survival for

Subdiaphragmatic Tumors

Univariate Multivariate
HR 95% CI P-value | HR 95% CI P-value
Male 0.648 | 0.316-1.331 0.237
Age = 70 (year) 1.264 | 0.663-2.411 0.477
HBV related 1.080 | 0.584-1.995 | 0.807
HCYV related 0.869 | 0.424-1.785 | 0.703
ALBI grade 0.715 | 0.284-1.800 | 0.476
Tumor size (cm)
=2 0.709 | 0.411-1.223 | 0.217
=3 0.360 | 0.421-1.370 | 0.759
=4 0.797 | 0.194-3.277 | 0.753
CT/US guided 0.571 0.330-0.988 | 0.045* 0.551 0.317-0.958 | 0.035*

Note: *p < 0.05.

Abbreviations: HR, Hazard Ratio; Cl, Confidence Interval; HBV, Hepatitis B virus; HCV, Hepatitis C virus; ALBI

grade, Albumin-Bilirubin grade; CT, Computed Tomography; US, Ultrasound.

To our knowledge, this is the first study to compare CT-guided RFA with US-guided RFA for recurrent HCC after liver
resection. This study demonstrated a significant difference in the prognosis between the two groups. The results showed
that for a single recurrent HCC below the diaphragm within 1 cm, CT-guided RFA provided a longer RFS than US-

guided RFA.

Subdiaphragmatic HCC presents unique challenges for percutaneous RFA treatment. These difficulties stem from
a suboptimal US window due to interference from the overlying lung and ribs, difficulty in needle placement, and the

inability to achieve an adequate ablative margin along the hepatic capsule.'®'® In this setting, CT may offer superior

image quality compared to US, allowing better needle guidance and a more accurate delineation of the ablation zone.

When performing ablation with curative intent, it is crucial to ensure that the ablation zone fully encompasses the target

tumor, including the circumferential ablative margin. Ideally, this margin should be at least 5 mm, with a preferred width
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of 1 ¢m, around the tumor.'® ' This approach maximizes the likelihood of complete tumor eradication and reduces the
risk of recurrence.

Our study specifically focused on tumors located less than 1 cm below the diaphragm. Patients in the CT-guided RFA
group exhibited superior RFS compared to those in the US-guided RFA group, suggesting a potential prognostic
advantage of CT-guided RFA in managing subdiaphragmatic lesions. However, no significant differences in OS were
observed between CT- and US-guided RFA groups. According to the 2022 EASL Clinical Practice Guidelines and Bai
et al study,”? overall survival in HCC patients is influenced by multiple factors, including liver function status, tumor
biology, and subsequent treatments. These factors may obscure the impact of the initial ablation modality on overall
survival, necessitating larger studies with longer follow-up to elucidate these relationships. Several factors influence OS
following treatment, making it difficult to attribute outcomes solely to the choice of therapy. Longer follow-up periods
and larger sample sizes are likely necessary to detect differences in survival. Further investigations are warranted to
better understand the impact of treatment modalities on the OS of patients with recurrent HCC.

For superficial recurrent HCCs, there is a minimal difference between performing RFA under CT or US guidance.
Further subgroup analysis of patients without subdiaphragmatic lesions showed no significant differences in RFS or OS
(Supplementary Table E2 and Figures E3, E4). This suggests that when tumors are more superficial and imaging

windows are optimal, both modalities provide adequate visualization for treatment. However, for deeper-seated tumors,
ultrasound may not provide a comprehensive view of the entire lesion. Furthermore, in patients with a history of
hepatectomy, postoperative fibrosis of the skin and the hepatic capsular connective tissue may compromise ultrasound
penetration, thereby degrading image quality. As a result, complete tumor ablation during RFA may be challenging. This
could explain why RFS outcomes for subdiaphragmatic lesions treated with US-guided RFA are generally inferior to
those treated with CT-guided RFA.

While conventional B-mode US has the advantages of lower cost, easier accessibility, and real-time imaging, CT
offers superior resolution and deeper penetration. Although newer US-CT/MR fusion imaging combines the benefits of

both modalities,”’24

it requires specialized expertise for accurate operation, limiting its availability to general
clinicians.

RFA for HCC is generally regarded as a safe procedure, with a relatively low incidence of complications.*>’ In this
cohort, no major complications were observed after the procedure. Minor adverse events were limited to one patient
experiencing generalized weakness and another presenting with transient hypotension despite normal hematological
parameters. Both patients recovered uneventfully and were discharged the following day without further sequelae.
Furthermore, none of the patients in this study required repeat RFA within the first month after treatment, suggesting
a high initial success rate of the ablation procedures.

This study has several limitations. First, as it was conducted at a single center, its findings may have limited
generalizability owing to the specific patient demographics and clinical environments. Further multicenter studies are
needed to validate these results. Second, its retrospective design poses risks of selection and information bias, which can
be mitigated by prospective randomized trials. Third, the small sample size reduced the statistical power of the subgroup
analyses, although statistical textbook states that a minimum of 30 samples is generally considered necessary to ensure
adequate statistical power in analytical research.?® Larger-scale studies are still needed in the future to further validate
these findings. Fourth, most of the patients had good liver function. However, it is unknown whether this outcome can be
applied to patients with poor liver function. In addition, operator expertise may have influenced the outcomes,
particularly when comparing CT- and US-guided RFA. Finally, the follow-up period may be insufficient to fully capture
long-term survival outcomes, particularly OS.

Conclusion

This study highlights the potential advantages of CT-guided RFA over US-guided RFA for subdiaphragmatic recurrent
HCC, particularly in terms of RFS. Although the study’s limitations underscore the need for future multicenter
prospective research, these efforts will further validate the efficacy of CT-guided RFA and clarify its role in improving

the long-term clinical outcomes.
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Abbreviations
HCC, Hepatocellular carcinoma; RFA, Radiofrequency ablation; CT, computed tomography; US, ultrasound; ALBI,

Albumin-Bilirubin; MRI, magnetic Resonance Imaging; RFS, Recurrence-free survival; OS, Overall survival.
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