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 Background: Ablative therapies (AT) are widely utilized as bridging treatment for liver transplantation (LT) candidates with 
hepatocellular carcinoma (HCC) who are on the transplant waiting list to minimize dropout rate. We aimed to 
investigate whether AT could be considered a primary treatment modality for LT candidates with single, small 
HCC lesions.

 Material/Methods: We retrospectively investigated the outcomes of patients with AT for single HCC lesions as primary treatment 
or bridging to LT between 2010 and 2017, compared with surgical resection (SR) during the same time period 
as control. Univariate and multivariate survival analyses were performed. Matched analysis, after propensity 
score matching (PSM), was performed to minimize the selection bias confounding effect on outcomes.

 Results: Of 162 patients identified, 92 received AT and 70 had SR. PSM identified 38 paired matches in each group. 
Overall survival (OS) and disease-free survival (DFS) before matching showed comparable outcomes for each 
treatment after 1, 3, and 5 years. Multivariate analysis using Cox regression models adjusting the study con-
founders showed lesion size (>30 mm), not treatment received, was associated with worse DFS (hazard ratio, 
2.21 [95% confidence interval, 1.14-4.28]). In the matched groups, OS and DFS were equivalent and consis-
tent with the whole-cohort survival outcomes. Explant histopathology of patients having AT as a bridge to LT 
showed complete pathological response in 85.7% of patients.

 Conclusions: This study supports the use of AT with curative intent for single £3-cm HCCs, particularly in LT candidates, with 
salvage transplantation kept as a backup in case of recurrence.

 Keywords:	 Ablation	Techniques	•	Carcinoma,	Hepatocellular	•	Hepatectomy	•	Liver	Transplantation

 Abbreviations: AT – ablative therapies; BCLC – Barcelona Clinic Liver Cancer; CT – computerized tomography; DFS – dis-
ease-free survival; HCC – hepatocellular carcinoma; LT – liver transplantation; MRI – magnetic resonance 
imaging; OS – overall survival; PSM – propensity score matching; SR – surgical resection; UKELD – United 
Kingdom model for end-stage liver disease
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Background

The increasing prevalence of cirrhosis and liver disease in 
Western populations due to alcohol consumption, non-alco-
holic fatty liver disease, and hepatitis has in turn led to hepa-
tocellular carcinoma (HCC) becoming the fifth most prevalent 
tumor worldwide and a major cause of death [1]. The incidence 
of this cancer is predicted to double over the next 2 decades, 
which carries with it a huge burden on healthcare systems [2].

The Barcelona Clinic Liver Cancer (BCLC) algorithm is widely 
accepted as a model to predict outcomes and guide the most 
suitable treatment in HCC in Western populations [3,4]. Patients 
with single, small HCC lesions (<30 mm), preserved liver func-
tion, and no portal hypertension can be considered for surgi-
cal resection in the absence of other significant comorbidities. 
Surgical resection is deemed curative but does carry the risk 
of recurrence at the resection margin and of developing new 
tumors in the remaining cirrhotic liver parenchyma. In these 
cases, salvage transplantation can be considered.

Liver transplantation (LT) is considered the criterion standard 
of care in the treatment of unresectable HCCs, and for those 
patients with Childs-Pugh B/C liver disease, because it provides 
a cure to the underlying disease in addition to tumor remov-
al. To ensure acceptable outcomes in LT, criteria must be met 
when considering patient eligibility. The Milan criteria are the 
most widely used indications for LT in patients with HCC (1 
nodule £5 cm or no more than 3 nodules £3 cm), and patients 
within these criteria have overall rates of survival comparable 
to those undergoing LT without HCC [5,6]. Other criteria have 
evolved to consider tumor biology, but only a few have been 
validated by multiple independent studies [7]. The use of the 
University of California, San Francisco criteria allows for trans-
plantation in patients with larger tumors and considers tumor 
biology (a single lesion £6.5 cm, or 2-3 lesions £4.5 cm each, 
with total tumor diameter £8 cm) [8].

The shortage of available transplantable organs means de-
mand is much greater than supply. Allocation systems tend to 
prioritize patients with severe chronic liver disease for LT, and, 
consequently, many patients with HCC with reasonably well-
preserved liver function test are considered low priority for LT. 
Such patients can advance beyond transplant criteria owing 
to tumor progression while on the waiting list. The utilization 
of locoregional bridging therapies to minimize tumor progres-
sion and dropout from waiting lists is widely employed [9].

Ablative therapies can be used in the setting of transplanta-
tion as bridging treatment or as definitive management, where 
neither resection nor transplant is possible. Ablative therapies 
have been shown to demonstrate complete pathological re-
sponse and improved long-term survival after transplantation 

when used as a bridging treatment [10-12]. Previous litera-
ture has generally shown higher recurrence rates with abla-
tive therapies than with surgical resection [13-17]. However, 
ablation techniques have evolved over time, and the current 
widespread use of effective antivirals for hepatitis C is thought 
likely to reduce the incidence of new tumor formation in pa-
tients who have undergone ablative therapies or surgical re-
section. The efficacy of ablation for consideration as a primary 
treatment for small HCC lesions is not well established, with 
a low or very low quality of evidence in the literature assess-
ing the long-term outcomes of ablative therapies as compared 
with surgical resection [18]. In practice, ablation is common-
ly employed as an alternative treatment in those patients for 
whom resection is inappropriate.

In this study, we investigated the outcomes of patients receiv-
ing ablation for single HCC lesions either as a primary treat-
ment or as a bridge to transplantation in LT candidates. We 
directly compared outcomes of patients undergoing ablative 
therapies to those of patients undergoing surgical resection in 
our unit to assess the efficacy of ablation as a primary treat-
ment option. The explant histology of patients who went on 
to receive LT following ablative therapy treatment were ex-
amined to assess the pathological response to ablative treat-
ment. Our aim was to explore whether ablation can be con-
sidered as a definitive curative treatment modality, with the 
possibility of salvage transplantation in cases of recurrence.

Material and Methods

Study design and setting

All consecutive patients who had ablative therapies for single 
HCCs in a single-center tertiary hepato-pancreato-biliary and 
LT unit between January 2010 and January 2017 were iden-
tified from a retrospective review of prospectively collected 
data. Data for individuals who had surgical resection for single 
HCCs over the same period were gathered for direct compar-
ison. Local Institutional Review Board and Caldicott Guardian 
consent to access patient data were granted. Patients’ elec-
tronic medical records were examined to review basic demo-
graphics, treatment received, multi-disciplinary team discus-
sions, and radiological evidence of recurrence in each group. 
Information related to eligibility and assessment for LT and 
inclusion to the waiting list was recorded. In patients who re-
ceived LT after ablative therapies, the histopathology reports 
of explant hepatectomies were retrieved from electronic re-
cords, and details regarding the ablative sites were collected 
for analysis. The end follow-up date for all patients involved 
in the study was January 2018. Follow-up for patients who re-
ceived LT was censored, and the transplant date was marked 
as their last follow-up.
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Inclusion and Exclusion Criteria

All adult (>18 years old) male and female patients presenting 
with a single HCC lesion for which they received either ablative 
therapy or surgical resection were included. Individuals who 
received both ablative therapies and surgical resection with-
in the study period were excluded from the analysis to avoid 
the mixed treatment effect on the outcomes.

Measurements

Our primary outcome measures included overall survival (OS), 
disease-free survival (DSF), and radiological evidence of local 
recurrence at the treatment site. The secondary outcomes were 
complication rates and the pathological response to ablative ther-
apies in the explant hepatectomy for patients who received LT.

Treatment Protocol

All included patients were discussed at the local multi-disciplin-
ary team meeting where ablative therapies, surgical resection, 
or assessment for transplantation were recommended. The de-
cision making that guided which treatment was appropriate 
was performed in a case by case discussion among surgeons, 
radiologists, hepatologists, and oncologists and was based on 
the patients’ performance status, degree of preserved liver func-
tion tests, and tumor number, size, and location in the liver.

Ablative Therapies

Patients suitable for percutaneous ablation were selected at 
the local hepatobiliary multi-disciplinary meeting. Ablations 
were performed percutaneously under general anesthesia us-
ing ultrasound or computerized tomography (CT) guidance by 
a single consultant radiologist (HI). Artificial ascites was used 
for higher-risk peripheral tumors. A monopolar multi-tined 
480-kHz radiofrequency ablation system (Boston RF3000, 
Boston Scientific Corporation, Natick, MA, USA) was used. For 
later patients, particularly those with lesions >3 cm, we used a 
2.45-GHz microwave ablation system (Acculis, Angiodynamics, 
Latham, NY, USA).

Follow-up imaging consisted of a dual-phase CT (arterial and 
portal venous phase) at 1 month and then dual-phase CT at 
4-month intervals, with the addition of magnetic resonance 
imaging (MRI) of the liver for equivocal cases. Treatment re-
sponse was assessed by imaging to evaluate the ablative zone 
as well as any evidence of locoregional or distant disease.

Surgical Resection

Surgical resections were performed in a single tertiary refer-
ral center using a mixture of laparoscopic and open surgical 

procedures. Intraoperative ultrasound was routinely performed 
to allow localization of the tumor, provide an accurate vascular 
map of feeding vessels, and establish general liver anatomy.

Resection of the liver parenchyma was done using a Cavitron 
ultrasonic surgical aspirator, often in combination with a 
Thunderbeat (Olympus Medical Systems) or Ultracision (Ethicon 
Endosurgery) device. Hemostasis was achieved using a com-
bination of bipolar coagulation, titanium vascular clips, tying 
or suturing, and an argon beam coagulator. Postoperatively, 
patients were managed in a high-dependency unit before be-
ing transferred to a general surgical ward. Patients undergo-
ing surgical resection followed local protocol, with follow-up 
imaging in the form of MRI every 4 months during the first 
year and every 6 months during the second year, followed by 
ultrasound imaging thereafter.

Liver Transplantation

Patients were considered for listing for LT based on the cur-
rent United Kingdom LT listing criteria for HCC [19].

Statistical Analysis

Numerical parametric data are presented as mean±standard 
deviation and non-parametric data as median and interquartile 
range. Categorical data are presented as frequency and percent-
age. Statistical comparisons of unpaired continuous parametric 
data and non-parametric data were performed using the t test, 
one-way ANOVA, and Mann-Whitney U test, as appropriate. The 
paired t test and Wilcoxon test were used for paired continu-
ous parametric and non-parametric data, respectively. Statistical 
comparisons of unpaired categorical data were performed using 
Pearson’s chi-squared test, while the McNemar test was used 
for paired categorical data. Kaplan-Meier curves were construct-
ed to evaluate patient survival and DFS probabilities, with dif-
ferences compared using the log-rank test. Multivariate survival 
analysis was performed using a Cox proportional hazard regres-
sion model. Statistically significant continuous variables iden-
tified by the Cox regression model were stratified into clinical-
ly relevant ordinal variables, guided by the population central 
tendency. Another run of the same model, using these categor-
ical variables, was performed to explore their hazardous or pro-
tective effect on the model, in the form of a quantifiable hazard 
measurement, i.e. hazard ratio. To minimize the confounding ef-
fect of selection bias, propensity score matching (PSM) was per-
formed by generating a propensity score (0-1) for all included pa-
tients using a logistic regression model that included variables 
acting as the study confounders. Case-control matching was 
performed to identify matched pairs with a maximum propen-
sity score difference of 0.1. All comparisons were performed on 
SPSS for Macintosh, version 24.0 IBM Corp., Armonk, NY, USA), 
and a P value of <0.05 was considered statistically significant.
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Results

A total of 162 patients were included in this study: 92 received 
ablative therapies (the AT group) and 70 had surgical resection 
(the SR group) for single HCC lesions. The patients were from 
a Western population. Figure 1 shows the number of patients 
assessed for eligibility that were enrolled in the analysis. PSM 
identified 76 patients (38 close-paired matches) using these vari-
ables: age, United Kingdom Model for End-stage Liver Disease 
(UKELD) score, and HCC lesion size. The study median (min-max) 
length of follow-up was 51.4 months (range, 19.5-191.2 months). 
Missing data were observed in less than 5% of the total collect-
ed data. The missing data included alpha-fetoprotein serum 
levels and some of the continuous variables used to calculate 
the UKELD score. The pattern of the missing data was analyzed 
and was found to be random. The dropping variables deletion 
method was used to handle the missing data in the analysis.

Demographic variables of the study population from both 
groups were compared, and the results are shown in Table 1. 
The mean UKELD score and HCC lesion size were significant-
ly different before matching. Higher UKELD scores were not-
ed in the AT group, reflecting worse liver function in this co-
hort. The mean lesion size in the SR group was bigger, which 
was attributed to the size limitation of lesions appropriate for 

Consecutive records
(2010-2017)

AT or SR for HCC
(n=205)

Univariate and
multivariate analysis

(n=162)
- AT (n=92)
- SR (n=70)

Propensity score
matching analysis

(n=76)
- AT (n=38)
- SR (n=38)

Excluded (n=43)
• Received treatment for
   multiple HCC lesions (n=28)
• Repeat AT or redo SR
   [duplicate record] (n=15)

Figure 1.  A flow diagram demonstrating patient selection for the 
study. AT – ablative therapies; HCC – hepatocellular 
carcinoma; SR – surgical resection

Variable
Before PSM After PSM

AT (n=92) SR (n=70) P value AT (n=38) SR (n=38) P value

Age (year)* 66.4±10.3 64.7±11.7 0.35 67.1±11.5 65.5±8.1 0.38

Gender

 Male  68 (73.9%)  54 (77.1%) 0.64  31 (81.6%)  34 (89.5%)
0.55

 Female  24 (26.1%)  16 (22.9%)  7 (18.4%)  4 (10.5%)

Background liver disease

0.025*** 0.84

 Hepatitis C virus  29 (31.5%)  19 (27.1%)  13 (34.2%)  16 (42.1%)

 Hepatitis B virus  2 (2.2%)  5 (7.1%)  2 (5.3%)  2 (5.3%)

 Non-Alcoholic fatty liver disease  20 (21.7%)  10 (14.3%)  6 (15.8%)  4 (10.5%)

 Alcoholic liver disease  22 (23.9%)  12 (17.1%)  10 (26.3%)  9 (23.7%)

 Hemochromatosis  9 (9.8%)  6 (8.6%)  3 (7.9%)  3 (7.9%)

 Autoimmune hepatitis  4 (4.3%)  3 (4.3%)  1 (2.6%)  2 (5.3%)

 Alpha-1-antitrypsin  2 (2.2%)  0 (0.0%)  2 (5.3%)  0 (0.0%)

 No/unknown background liver disease  4 (4.3%)  15 (21.4%)  1 (2.6%)  2 (5.3%)

HCC lesion size (mm)**  20 (15-25)  33.5 (20-65) <0.0001***  20 (14-24)  21.5 (14-25) 0.30

UKELD score* 48.3±2.9 46.5±2.1 <0.0001*** 47.3±2.5 47.3±1.9 0.90

Serum Alpha-fetoprotein (ng/mL)**  6 (3-16)  8 (3-19) 0.83  5 (3-10)  9 (3-21) 0.47

Table 1. Characteristics of the study groups before and after matching.

* Parametric variables presented with mean±SD. ** Nonparametric variables presented with median (interquartile range). 
*** Significant at 0.05 probability level.
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ablative treatment. After PSM, the included matched pairs ap-
peared to have no significant difference in UKELD or HCC le-
sion size in both groups.

The AT group was divided into 2 subgroups. Of the 92 total pa-
tients in the AT group, 74 patients (80.4%) had ablation as a 
primary treatment with curative intent for single HCC lesions. 
The remaining 18 patients (19.6%) were LT candidates with 
single lesions and suitable liver functions who received abla-
tion as bridging treatment to LT while on the transplant wait-
ing list; 14 of these 18 patients eventually received transplants. 
Of the remaining 4 patients, 3 were listed for LT and received 
ablation while on the waiting list, then they were de-listed 
at 18 months after ablation owing to the absence of any evi-
dence of local or de novo intrahepatic recurrence on follow-up 

imaging. Only 1 patient was listed for LT and, 6 months after 
ablation, was diagnosed with a new incidence of inoperable 
cholangiocarcinoma, which required de-listing and palliative 
management. Before pooling the data of the 2 AT subgroups, 
patient and disease characteristics and OS across both groups 
were compared. Median age in the AT group with curative in-
tent was the only variable noted to be different from the LT 
bridging group (69.6 and 58.1 years, respectively), which was 
not considered to be a significant confounder. After pooling 
the data, none of the patients in the AT group had any signif-
icant in-hospital morbidity (30 days) related to ablative ther-
apies. However, 2 patients required readmission to repeat the 
procedure because of an unsuccessful first ablation that was 
due to a difficult anatomical position.
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Figure 2.  Kaplan-Meier survival analysis for overall survival (OS) and disease-free survival (DFS) in ablative therapies and surgical 
resection treatment groups before and after propensity score matching. (A) OS before matching. (B) DFS before matching. 
(C) OS after matching. (D) DFS after matching.
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The SR group included 60 patients who underwent open sur-
gery (85.7%) and 10 patients who underwent laparoscopic 
surgery (14.3%). Minor liver resections (<4 segments) were 
performed in 46 patients (69.6%), and major resections (³4 
segments) were performed in 14 patients (30.4%). In-hospital 
surgery-related morbidity was recorded in 8 patients (12.4%), 
6 of which had a Clavien-Dindo complication between grades I 
and IV, and 2 (2.9%) of which had a grade V complication (sur-
gery-related in-hospital mortality). The examined histopathol-
ogy for HCC in the SR group showed that 61 patients (87%) 
had been completely resected (R0) and 9 patients (13%) had 
microscopic surgical margin involvement (R1). The histopa-
thology results showed single lesions corresponding with the 
preoperative cross-sectional imaging in 66 patients (94.3%), 
while the presence of satellites near the original single lesions 
targeted with resection was reported in 4 patients (5.7%).

Survival Analysis

The univariate analysis results of OS and DFS before PSM are 
shown in Figure 2. There were no statistically significant differ-
ences in OS and DFS between the AT group and SR group at 1, 
3, and 5 years after treatment according to the log-rank test.

In the unmatched cohort, multivariate analysis was performed 
using Cox regression survival models for OS and DFS to inves-
tigate the adjusted treatment effect on the outcomes in the 

larger study sample before matching. As shown in Table 2, the 
results indicated that ablative therapies and surgical resection 
had comparable treatment effects on OS and DFS, while HCC le-
sion size appeared to have a significant impact on both models.

Since HCC lesion size in both treatment groups appeared to 
have an impact on OS and DFS, Cox regression models were 
performed by dividing the lesion size into 2 groups: 0 to 30 
mm and >30 mm, corresponding to BCLC stage 0/A and be-
yond stage A, respectively. The results shown in Table 2 and 
Figure 3 demonstrate that DFS appeared to have been signifi-
cantly lower in patients with HCC lesions >30 mm in size (hazard 
ratio, 2.21 [95% confidence interval, 1.14-4.28]). However, the 
treatment modality they received (ablative therapy or surgical 
resection) did not have any significant impact on OS and DFS.

After PSM, OS and DFS were compared between the 2 groups 
(Figure 2). The results were consistent with the univariate and 
multivariate analyses of the whole cohort, and did not show any 
statistically significant difference in OS and DFS between ablative 
therapies and surgical resection at 1, 3, and 5 years after treatment.

The Pattern of HCC Recurrence After Ablative Therapies 
and Surgical Resection

The pattern of HCC recurrence in the whole cohort is shown in 
Figure 4 and Table 3. The data suggested there were significant 

Cox-regression models* Cox-regression models**

Variable HR (95% CI) P value Variable HR (95% CI) P value

Overall survival Overall survival

 Age  0.99 (0.97-1.02) 0.84  Age  1.00 (0.98-1.03) 0.85

 Gender (Female)  1.20 (0.62-2.34) 0.59  Gender (Female)  1.58 (0.83-2.96) 0.16

 UKELD  1.12 (0.99-1.26) 0.07  UKELD  1.09 (0.97-1.23) 0.15

 HCC lesion size  1.02 (1.01-1.03) 0.003***  HCC lesion size (>30 mm)  1.41 (0.69-2.94) 0.36

 Treatment with AT  1.98 (0.93-4.24) 0.08  Treatment with AT  1.40 (0.68-2.91) 0.22

Disease-free survival Disease-free survival

 Age  0.98 (0.96-1.01) 0.13  Age  0.99 (0.97-1.01) 0.33

 Gender (Female)  0.75 (0.37-1.53) 0.43  Gender (Female)  0.89 (0.45-1.77) 0.74

 UKELD  1.04 (0.92-1.17) 0.58  UKELD  1.02 (0.90-1.15) 0.76

 HCC lesion size  1.02 (1.01-1.02) 0.001***  HCC lesion size (>30mm)  2.27 (1.16-4.45) 0.017***

 Treatment with AT  1.16 (0.60-2.21) 0.66  Treatment with AT  1.15 (0.58-2.28) 0.69

Table 2.  Multivariate analysis using Cox regression models for overall survival and disease-free survival, adjusting for potential 
confounders in the study groups before matching.

* Cox-regression models for OS and DFS adjusting for study confounders. ** Cox-regression models for OS and DFS using binary 
variables for HCC lesion size. *** Significant at 0.05 probability level.
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differences between the groups of patients who had no re-
currence and those who had all other patterns of recurrence. 
Kaplan-Meier survival analysis showed that extrahepatic re-
currence was significantly higher in the SR group, while local 
and de novo hepatic recurrence was comparable between the 
2 groups. We explored the tumor characteristics among the 
different patterns of recurrence with ablative therapies and 
surgical resection (Table 4). HCC lesion size, serum alpha-fe-
toprotein, tumor involvement at the resection margin, micro-
vascular invasion, and tumor differentiation in the SR group 
did not appear to have a statistically significant pattern to ex-
plain the higher extrahepatic metastasis pattern.

The extent of recurrence differed between the 2 groups: the 
AT group had a higher proportion of patients developing recur-
rence within the UK transplant listing criteria, compared with 
patients in the SR group. Among patients who had received ab-
lative therapies and surgical resection as a primary treatment, 
3 patients had tumor recurrence that were within transplant 

criteria (range, 12.9-18.6 months), and they successfully re-
ceived salvage LT with good long-term survival outcomes (1 
patient in the AT group and 2 patients in the SR group).

Analysis of LT Explant Histopathology

When examining the explant histopathology of patients un-
dergoing ablative therapies who went on to receive a trans-
plant, a total of 14 patients were identified. The mean patient 
age was 59.5 years (range, 49-74 years), and the mean UKELD 
score was 48 (range, 43.4-53.7). Ablated lesions were a mean 
of 19 mm (range, 9-28 mm) in size. Complete pathological re-
sponse to ablation (complete necrosis with no evidence of mi-
crovascular invasion) in the explants was noted in 12 patients 
(85.7%), and evidence of viable tumor was seen in 2 patients 
(14.3%). The average timing between ablative therapies and 
transplantation was 7.1 months (range, 0.3-20.7 months). One 
patient with a viable tumor received a transplant only 13 days 
after ablative treatment, and despite the short interval, the 

1.00

0.75

0.50

0.25

0.00

0 12 24
OS (months)

HR=1.40
p=0.38

36 48 60

Cu
m

 su
rv

iva
l

1.00

0.75

0.50

0.25

0.00

0 12 24
DFS (months)

HR=1.15
p=0.69

36 48 60

Cu
m

 su
rv

iva
l

1.00

0.75

0.50

0.25

0.00

0 12 24
OS (months)

HR=1.41
p=0.36

36 48 60

Cu
m

 su
rv

iva
l

1.00

0.75

0.50

0.25

0.00

0 12 24
DFS (months)

HR=2.23
p=0.017

36 48 60

Cu
m

 su
rv

iva
l

AT
SR

HCC treatment
AT
SR

HCC treatment

0-30 mm
>30 mm

HCC lesion size
0-30 mm
>30 mm

HCC lesion size

A

C

B

D

Figure 3.  The adjusted effect of HCC treatment modality and lesion size on the patterns of overall survival (OS) and disease-free 
survival (DFS) of the whole cohort using Cox regression models. (A) Ablative therapy treatment effect on OS. (B) Ablative 
therapy treatment effect on DFS. (C) Effect of hepatocellular carcinoma (HCC) lesion size on OS. (D) Effect of HCC lesion size 
on DFS.
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Variable AT SR P value

Pattern of HCC recurrence (n=92) (n=70)

0.001*

 No recurrence  64 (69.6%)  40 (57.1%)

 Local or resection margin recurrence  8 (8.7%)  6 (10.0%)

 De-novo hepatic recurrence  19 (20.7%)  10 (14.3%)

 Extra-hepatic recurrence  1 (1.1%)  13 (18.6%)

Recurrence within transplant criteria (n=28) (n=30)

0.056 Yes  20 (71.4%)  14 (46.7%)

 No  8 (28.6%)  16 (53.3%)

Table 3. The pattern of hepatocellular carcinoma recurrence in all patients after ablative therapies and surgical resection.

* Significant at 0.05 probability level.
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Figure 4.  Kaplan-Meier survival analysis for different patterns of HCC recurrence in the whole cohort. (A) Local margin recurrence. 
(B) De novo hepatic recurrence. (C) Extrahepatic recurrence.
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ablated lesion showed an area of 60% necrosis. The second 
patient was 15.1 months after ablative treatment at the time 
of LT, and the histopathology showed a small nodule of viable 
HCC at the periphery of the ablation burn zone; this was not 
visible on previous follow-up imaging, with CT scanning dem-
onstrating a good ablation zone.

Discussion

This study investigated using ablative therapies for single, small 
HCC lesions as a primary treatment or as a bridge to transplan-
tation in LT candidates in comparison with surgical resection. 
The findings showed that since ablative therapies had survival 
benefits comparable to surgical resection, ablative treatment 
could be offered as an alternative primary treatment for pa-
tients with single HCC lesions £3 cm in size, particularly in LT 
candidates with less preserved liver function tests that were 
not amenable for surgical resection. Our results also revealed 
that the extrahepatic pattern of recurrence in patients who re-
ceived ablative therapies was significantly lower than that of 
surgical resection, which could help give those patients bet-
ter chances of being considered for salvage transplantation if 
local recurrence develops.

The 2 groups of the main cohort in our study were matched 
by age and sex. There was a significant difference in UKELD 
score between the groups, which can be explained by the lo-
cal treatment policy for small lesions: patients with preserved 
liver function typically undergo surgical resection, while abla-
tive therapies are reserved for those patients with poorer liver 
function, owing to the increased morbidity of surgery for these 
patients. A significant difference was also observed in HCC le-
sion size, with larger lesions seen in the SR group. This was ex-
pected because the use of radiofrequency ablation is techni-
cally limited to lesions less than 3 cm in size to achieve good 
results. The introduction of microwave ablation has allowed 
an increase in the size of lesions being ablated [20], which was 
reported to have equivalent efficacy and survival when com-
pared with radiofrequency ablation [21,22]. When PSM was 
applied to the main cohort, HCC lesion size and UKELD score 
in the 2 groups were well matched.

When comparing OS and DFS before and after PSM, our results 
demonstrated comparable rates in ablative therapies and sur-
gical resection at 1, 3, and 5 years after treatment. A multivar-
iate analysis using a Cox regression model was performed in 
the unmatched cohort to adjust for HCC lesion size and pa-
tients’ UKELD scores as potential confounders. This showed 

Variable
No 

recurrence 
Local/margin 

recurrence 
De-novo 

recurrence
Extrahepatic 
recurrence

P value

AT (n=64) (n=8) (n=19) (n=1)

 HCC lesion size (mm)*  20 (15-26.5)  14.5 (14-19)  20 (16-21.5) 24 0.29

 Serum AFP (ng/mL)*  6 (4-22)  4.5 (3-8)  8 (3.5-15.5) 14 0.56

SR (n=40) (n=7) (n=10) (n=13)

 HCC lesion size (mm)*  31.5 (21-52)  53 (33.5-84)  38.5 (17-78)  35 (21-47) 0.64

 Serum AFP (ng/mL)*  8 (3.5-17.5)  6 (4.5-7)  15 (3.5-35)  4 (3-64) 0.80

 Resection margin 0.71

  R0  33 (55.0%)  7 (11.7%)  9 (15.0%)  11 (18.3%) 0.74

  R1  6 (66.7%)  0 (0.0%)  1 (11.1%)  2 (22.2%) 0.84

 Tumour differentiation

  Well  4 (66.7%)  1 (16.7%)  0 (0.0%)  1 (16.7%)

  Moderate  23 (52.3%)  5 (11.4%)  6 (13.6%)  10 (22.7%)

  Poor  11 (61.1%)  1 (5.6%)  4 (22.2%)  2 (11.1%)

 Microvascular invasion

  No  26 (60.5%)  4 (9.3%)  5 (11.6%)  8 (18.6%)

  Yes  14 (51.9%)  3 (11.1%)  5 (18.5%)  5 (18.5%)

Table 4. Pattern of recurrence and tumor characteristics with ablative therapies and surgical resection.

* Nonparametric variables presented with median (interquartile range).
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that ablative therapies had a nonsignificant lower treatment 
effect on OS and DFS, while lesion size appeared to have a 
significant effect on both OS and DFS models. This suggested 
that lesion size, and not the treatment modality performed, 
influenced survival.

We specifically explored the lesion-size effect by performing a 
subgroup analysis classifying lesion size into 2 groups, 0 to 30 
mm and >30 mm, to correspond to BCLC stage 0/A and beyond 
stage A, respectively [4]. Using a multivariate Cox regression 
model, lesions sized 0 to 30 mm appeared to be the size that 
achieved the best outcomes for ablative therapies, and lesions 
larger than 30 mm had a significant negative effect on DFS.

Our findings support other studies that included patient co-
horts from Western populations with predominantly nonviral 
HCC disease [23,24]. In a large retrospective study in a Western 
population including 544 patients, PSM demonstrated higher 
rates of local tumor progression with radiofrequency ablation 
but comparable OS and DFS results to surgical resection [25]. 
Their study was somewhat limited because of heterogeneity 
since it included results from 15 different centers and cases 
were from 1999 to 2010, a time period since which the abla-
tive therapy techniques have rapidly developed.

Previous literature reporting favorable outcomes in surgical 
resection included predominantly younger non-Western pa-
tient populations, in which hepatitis B is the most common 
etiology for HCC [14,16,17,26-28]. Additionally, the OS of pa-
tients with HCC is determined by underlying liver function, 
with the general understanding that patients with good func-
tion are selected for surgical resection and those with poorer 
function undergo ablative therapies [6]. Many of these stud-
ies were conducted in centers where liver function between 
the 2 groups is more favorable to the resection groups, there-
by influencing OS and DFS rates [27].

Where randomized controlled trials have looked specifically 
at surgical resection vs ablation, the results of meta-analyses 
and systematic reviews have concluded that evidence is of a 
low level and quality [18,29]. Unfortunately, heavy influence 
from the background demographic area exists, creating large 
variability between studies. Generally, the proportion of pa-
tients demonstrating local recurrence in the liver is shown to 
be lower in the surgical groups, but with an increased num-
ber of adverse events in this group when compared to those 
undergoing ablative therapies [29]. The decreased length of 
hospital stay and cost-effectiveness of ablative therapies is 
supported across all the literature [4,18].

It is undeniable that surgical resection does hold some ad-
vantages by removing a tumor, particularly if the HCC lesions 
are large. However, in populations with a higher prevalence 

of cirrhosis, surgical risks for mortality and morbidity increase 
significantly. The mortality and morbidity in our surgical co-
hort was equivalent to that of other studies [18].

Our results showed that overall HCC recurrence in the AT group 
was significantly lower than that in the SR group. Interestingly, 
the pattern of recurrence showed that local recurrence rates 
were higher in the AT group, yet distant extrahepatic recur-
rence was significantly lower in the SR group. This shows that 
the recurrences following ablative therapies are more likely to 
be within transplant criteria, which could allow more opportu-
nity for salvage transplantation if ablative therapies are used 
as a primary treatment modality. Our study was not designed 
or adequately powered to explore why the SR group had a 
higher incidence of extrahepatic recurrence than did the AT 
group. This could be attributed to the treatment effect, but we 
also acknowledge that other technical and tumor biology con-
founders might have contributed. Our analysis of the correla-
tion of tumor characteristics with the pattern of recurrence, 
particularly in the SR group, which did not show statistically 
significant associations, should be interpreted with care be-
cause of the very small number of events in some of the sub-
groups. Nevertheless, our results showed a better pattern of 
recurrence with ablative therapies, compared with previous 
studies reported in the literature [30,31].

When specifically assessing the explant histopathology of pa-
tients who had ablative therapies as a bridge to transplan-
tation, the reports were favorable, confirming that complete 
pathological response had been achieved in 85.7% of patients. 
In 1 of the 2 patients in whom a viable tumor was seen, the 
time between ablative treatment and transplantation was so 
short that we concluded it would be too early to determine 
the treatment effect, although another patient did show com-
plete response at 10 days after treatment of a 23-mm lesion. 
The second case showed a small microscopic satellite nodule 
not visible on radiological imaging to the ablated site more 
than 14 months later; whether this represented a new nodule 
or residual disease was unclear. Few studies have looked at 
explant histopathology, and those that have reported it date 
back to treatment from over 15 years ago, to a time when the 
techniques and use of ablative therapies were more immature, 
and complete necrosis was reported at around 70% [13,32]. 
The improved sophistication of the technique with microwave 
ablation now allows greater volume of necrosis and more ef-
fective treatment at previously anatomically difficult to reach 
lesions [21,22,33]. Nevertheless, it is also worth considering 
that there may be favorable bias in the tumor biology of indi-
viduals who went on to have LT because they made it to trans-
plantation, rather than their disease progressing to such an 
extent that they no longer met the criteria of the waiting list.
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Our study is limited by its retrospective nature, which intro-
duced characteristic-selection bias. Nevertheless, performing 
a randomized controlled trial of ablative therapies and surgical 
resection still creates bias in an attempt to minimize the im-
pact of confounding factors. Only patients meeting predefined 
characteristics can be randomized, thus excluding a proportion 
of patients who would ordinarily be treated in clinical practice.

We acknowledge that the results of the PSM analysis are un-
derpowered owing to the relatively small number of matched 
pairs. Still, since the results of the matched analysis agreed 
with the unmatched univariate and multivariate analyses out-
comes, this could provide a further degree of support of our 
findings by eliminating the confounding effect of selection bias 
on treatment outcomes.

Our patient population was representative of a Western pop-
ulation with the most common etiologies for HCC being hep-
atitis C, alcoholic liver disease, and non-alcoholic fatty liver 
disease. Our sample size does not carry the power of other 
studies but has the advantage of displaying the results of a 
single center, with a single interventional radiologist perform-
ing the ablative therapies, reducing treatment bias. Our period 
of patient selection also included more up-to-date techniques 
than those of previous studies [13,23,24,26].

Our findings support the use of ablation as a viable primary 
treatment modality in LT candidates with HCC, and not just 
as a bridging treatment to enhance patient allocation priority 
on the transplant waiting list. In cases of recurrence follow-
ing AT, salvage transplantation should be considered. With in-
creasing demand on healthcare worldwide as the prevalence 
of HCC grows, our study demonstrates ablative therapies as 
a safe, cost-effective alternative with a comparative surviv-
al benefit to surgical resection. Ablative therapies have well-
documented advantages over resection, with lower mortality 
and morbidity, reduced length of hospital stay, and favorable 
surgical implications, if patients do go on to receive a trans-
plant. In patients with cirrhosis, the risk of hepatic deteriora-
tion over time due to the loss of liver parenchyma seen with 
resection is also reduced [9].

Ablative therapies are beneficial to patients with severe por-
tal hypertension, which is a negative prognostic indicator for 
surgical resection [7,9,12].

Increased utilization of ablative therapies for small, single HCC 
lesions as a primary treatment permits a reduction in health-
care burden as well as the saving of grafts, which can then 
be more efficaciously transplanted in other patients. The in-
creased utilization of ablative therapies in these cases is also 
supported by the discrepancy between the limited donor pool 
and the enormous number of LT candidates.

Conclusions

Our study supports the increased use of ablative therapies with 
curative intent, with comparable OS and DFS rates to surgi-
cal resection in the settings of similar patients. Ultimately, the 
choice between the 2 treatments should be tailored to the in-
dividual patient through discussions between the surgical and 
radiological teams.
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