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Abstract

BACKGROUND

Liver resection and radiofrequency ablation are considered curative options for
hepatocellular carcinoma. The choice between these techniques is still contro-
versial especially in cases of hepatocellular carcinoma affecting posterosuperior
segments in elderly patients.

AIM

To compare post-operative outcomes between liver resection and radiofrequency
ablation in elderly with single hepatocellular carcinoma located in posterosu-
perior segments.

METHODS

A retrospective multicentric study was performed enrolling 77 patients age > 70-
years-old with single hepatocellular carcinoma (< 30 mm), located in posterosu-
perior segments (4a, 7, 8). Patients were divided into liver resection and radiofre-
quency ablation groups and preoperative, peri-operative and long-term outcomes
were retrospectively analyzed and compared using a 1:1 propensity score
matching.

RESULTS

After propensity score matching, twenty-six patients were included in each group.
Operative time and overall postoperative complications were higher in the
resection group compared to the ablation group (165 min vs 20 min, P < 0.01; 54%
vs 19% P = 0.02 respectively). A median hospital stay was significantly longer in
the resection group than in the ablation group (7.5 d vs 3 d, P < 0.01). Ninety-day
mortality was comparable between the two groups. There were no significant
differences between resection and ablation group in terms of overall survival and
disease free survival at 1, 3, and 5 years.

CONCLUSION

Radiofrequency ablation in posterosuperior segments in elderly is safe and
feasible and ensures a short hospital stay, better quality of life and does not
modify the overall and disease-free survival.

Key Words: Elderly; Hepatocellular carcinoma; Posterosuperior segments; Liver resection;
Radiofrequency ablation; Multicentric study

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A retrospective multicentric study was performed enrolling 77 patients with >
70 years of age and a single hepatocellular carcinoma (< 30 mm), located in the
posterosuperior segments (4a, 7, 8). Patients were divided into two groups: liver
resection and radiofrequency ablation. Peri-operative and long-term outcomes were
analyzed and compared using a 1:1 propensity score matching. The study results show
that radiofrequency ablation in posterosuperior segments in elderly patients is safe and
feasible and ensures a short hospital stay, reduces overall postoperative complications,
increases the quality of life and does not modify the overall and disease-free survival.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related death
worldwide and the fifth most common cancer[1]. According to Barcelona Clinic Liver
Cancer (BCLC) staging system, ablation, resection and liver transplantation (LT) are
considered the best treatment for patients affected by HCC very early and early stage
[2]. Considering the increasing number of elderly patients in our population, LT could
not be considered as a valid therapeutic option in these patients, due to the limit of age
that is contraindicated in many liver transplantation centers[3]. Nevertheless, for
elderly patients, liver resection (LR) and radiofrequency ablation (RFA) remains a
valid alternative. LR guarantees a complete removal of the tumor with a wide margin
either in anatomical and non-anatomical resection. Even if in recent periods the use of
minimally invasive approaches, laparoscopic and robotic, has been increasing, they
still remain invasive procedures performed under general anesthesia[4]. On the
contrary, RFA has very low invasiveness and morbidity but literature is still unclear in
terms of disease free and overall survival compared to liver resection[5,6].

The choice between LR and RFA is still controversial, especially in cases of HCC
affecting posterosuperior segments (PSS).

PSS are more difficult to access than the anterolateral ones for the anatomical
position and are technically complex for the bleeding control and poor liver field
visualization. Open liver resection (OLR) is widely considered as preferred procedure
for HCC located in PSS[7], instead, laparoscopic liver resection (LLR) in PSS is
challenging and needs to be approached by experienced surgeons in major centers.
LLR presents important benefits with less invasiveness, less postoperative pain, early
discharge and similar mortality and morbidity compared to OLR according to 2017
Southampton Consensus Guidelines[8].

In the literature there are few studies with focus on surgical treatments in elderly
patients with HCC especially in PSS[9]. The aim of our study is to compare short and
long-term outcomes between LR and RFA in elderly patients with single HCC located
in PSS.

MATERIALS AND METHODS
Patient data

A multicentric retrospective study was performed enrolling 77 patients with > 70 years
of age, from January 2009 to January 2019 in the following European hospital centers:
IRCCS San Raffaele Hospital, Milan, Italy; Paul Brousse University Hospital, Villejuif,
France; University Hospital Reina Sofia, Cérdoba, Spain; Henri Mondor University
Hospital, Créteil, France; University Hospital Policlinico of Modena, Modena, Italy;
Miulli Hospital, Bari, Italy; Hospital Niguarda, Milan, Italy; Strasbourg University
Hospital, IRCAD, Strasbourg, France; Robert Debré University Hospital, Reims,
France; University Hospital Geneva, Switzerland.

Inclusion criteria were elderly patients (age = 70) with single HCC < 30 mm, located
in PSS, treated with RFA or LR. Exclusion criteria are multiple HCC or single > 30mm,
patients younger than 70 years and American Society of Anesthesiologists (ASA) score
>1V.

Patients were divided into two groups according to the treatment, LR or RFA. LR
group included open liver resection and laparoscopic liver resection.

The choice of treatment was generally based on the tumor location, the history of
previous upper abdominal surgery and each center experience.

Preoperative, peri-operative data and long term outcomes were retrospectively
analyzed and compared in both groups before propensity score matching (b-PSM) and
after propensity score matching (a-PSM).
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Preoperative data

Patient demographic data and preoperative variables were collected: blood tests, i.e.
serum o-fetoprotein (AFP), platelets, bilirubin and coagulation; American Society of
Anesthesiologists (ASA) score; comorbidities; cause of cirrhosis; Child-Pugh and the
model for end-stage liver disease (MELD) scores.

All patients were staged preoperatively following computer tomography of the
chest-abdomen-pelvis and/or abdominal magnetic resonance.

Tumor involving segments 4a, 7, 8 or between them were defined as located in PSS.
HCC location and size were recorded and the type of treatment was discussed in
multidisciplinary teams including surgeons, hepatologists, oncologists, interventional
radiologists and pathologists.

Diagnosis was based on non-invasive criteria according to European Association for

the Study of the Liver (EASL) and biopsy was used in case of inconclusive diagnosis
[10].

Perioperative data
The procedure was performed by expert surgeons and interventional radiologists with
a minimum consolidated experience of 10 years.

An intraoperative Doppler Ultrasound was systematically achieved to confirm the
procedure to be performed.

Percutaneous RFA was performed using a single internally cooled electrode under a
continuous sonographic guidance with local anesthesia and intravenous sedation.
Post-RFA ultrasound was performed to control that there were no immediate complic-
ations such as hemorrhage or hematoma. On the 1st post-op day, an ultrasound was
performed to assess the quality of the ablation in terms of necrotic area.

The Couinaud classification was used to define liver segmentation and the Brisbane
2000 terminology was used to define liver resections[11,12]. During surgical resection,
attempts were made to maintain an adequate parenchymal margin of at least 1 cm.

The Pringle maneuver was routinely prepared for surgical resection and used
according to the experience of each center. Perioperative variables included operative
time, rate of blood transfusion, complications and length of hospital stay which were
recorded. Clavien-Dindo grading system was used to classify postoperative complic-
ations.

Ninety-day mortality was defined as any deaths occurring 90 d from surgery or
RFA.

Long-term outcomes

Patients undergoing RFA were given a CT scan 1 mo after ablation, in order to
evaluate the results of the treatment according to mRECIST (modified Response
Evaluation Criteria in Solid Tumors) criteria[13].

A standardized follow-up was adopted, every 2 mo for the first 2 years and then
every 4 mo. During such follow-up, the patients were subjected to blood testing
including alpha-fetoprotein, liver function and imaging, such as abdominal ultrasono-
graphy, CT, or MRI. Recurrence treatment included repeat resection or RFA, trans-
arterial chemo-embolization, chemotherapy or supportive care according to the EASL
clinical practice guidelines[10].

All HCC-related deaths and recurrences were estimated and used to calculate the
overall survival (OS) and disease-free survival (DFS) in both groups.

Statistical analysis

A propensity score-based analysis was performed to minimize selection bias and limit
confusion in the retrospective study. The propensity score was estimated using a 1:1
Logistical regression regarding the following variables: ASA score, MELD score and
the tumors size.

Continuous variables, expressed as median with range, were compared using
Mann-Whitney U test. Instead, categorical variables, expressed as numbers with
percentages, were compared using chi-square test.

Overall survival and disease-free survival were estimated using the Kaplan-Meier
method and compared using a log-rank test. A P value of < 0.05 was considered to
indicate statistical significance. Statistical analyses were performed using SPSS
software version 20.
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RESULTS

Preoperative outcome b-psm and a-psm
The preoperative characteristics, before and after propensity score matching of RFA
and LR groups are presented in Table 1.

During the study period, 77 patients were enrolled and divided into two groups
according to the procedure performed: 40 patients in the RFA group and 37 patients in
the LR group. After a 1:1 PSM, 52 patients were enrolled: 26 patients for each group.

The rate of F4 cirrhosis was lower in LR group than in the RFA group both before
(51% vs 82%, P = 0.01) and after PSM (46% vs 85%, P = 0.01). ASA scores and MELD
scores were lower in liver resection group b-PSM than in the RFA group (P = 0.05, P =
0.01, respectively) and equal between the two groups a-PSM (P = 0.35, P = 0.23,
respectively). Tumor size was higher in the LR group than in the RFA group b-PSM
(median, 29 mm vs 23 mm, P = 0.02) and comparable between two groups a-PSM
(median, 23 mm vs 20.5 mm, P = 0.08).

Perioperative outcomes b-psm and a-psm
The perioperative characteristics, before and after propensity score matching of the
RFA and LR groups are presented in Table 2.

Operative time was higher in the LR group than in the RFA group b-PSM (260 min
vs 23.5 min, P < 0.01) and this was confirmed also after restricting the analysis to
propensity score matching (165 min vs 20 min, P < 0.01). Intraoperative blood
transfusion was comparable between the LR group and the RFA group both before
(19% vs 7%, P = 0.20) and after PSM (19% vs 12%, P = 0.70). There were no differences
in overall postoperative complications between the LR group and the RFA group b-
PSM (43% vs 22%, P = 0.09), conversely, for a-PSM were significantly higher in the LR
group than in the RFA group (54% vs 19%, P = 0.02). A median hospital stay was
significantly longer in the LR group than in the RFA group both before and after PSM
(6dwvs2d, P<0.01;7.5dvs 3 d, P<0.01, respectively). There was no difference in the
90-d mortality between the LR and the RFA groups both before (5% vs 5%, P =1.0) and
after PSM (8% vs 8%, P = 1.0).

Long-term outcomes b-psm and a-psm
OS and DFS were calculated before and after the propensity score matching according
to the procedure performed and are presented in Figure 1.

There were no statistically significant differences between each group in terms of OS
(b-PSM P = 0.50; a-PSM P = 0.91) and DFS (b-PSM P = 0.17; a-PSM P = 0.70).

The estimated 1-, 3-, and 5-year OS rates b-PSM were 9%, 72%, and 59% for the RFA
group and 88, 74, and 74% for the LR group respectively.

The estimated 1-, 3- and 5-year OS rates a-PSM were 92%, 73%, and 63% for the RFA
group and 84, 71, and 71% in the LR group respectively.

DFS b-PSM at 1-, 3- and 5-years was 66%, 48%, and 38% in the RFA group as
compared to 84, 59, and 35% in the LR group respectively.

DFS a-PSM at 1-, 3- and 5-years was 72%, 54%, and 54% in the RFA group as
compared to 87, 59 and 34% in the LR group respectively.

DISCUSSION

To our knowledge, our retrospective multicentric study is one of the few series
reported in literature comparing short and long-term outcomes between RFA and LR
in elderly patients and it is the first considering the HCC located in PSS.

The number of elderly patients is constantly growing thanks to improved medical
care and an increase in life expectancy; therefore, the cut-off age to define the elderly
has moved from > 65 years to 70 years[14].

Elderly patients should be treated with RFA or LR for a curative intent because they
are unsuitable for LT due to advanced age [3]. Elderly are considered fragile as a result
of the accumulation of chronic diseases, the gradual loss of reserve capacity and the
increase in the tumor’s rate including HCC[15].

HCC located in PSS still represent a surgical challenge and the best therapeutic
option is still controversial. PSS segments are difficult to access, located in the
posterior part of the abdominal cavity where exposure is not ideal[16,17].

The resections of lesions located in PSS are technically complex and should be
performed by experienced surgeons in open and laparoscopic surgery and in a high-
volume centers, as recommended by Southampton Guidelines[18]. Experience is
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Table 1 Preoperative characteristics before and after propensity score matching, according to the procedure

Before PSM (n: 77) After PSM (n: 52)
RFA (n: 40) Surgery (n: 37) Pvalue RFA (n:26)  Surgery (n: 26) P value

Male, 1 (%) 28 (70) 27 (73) 0.80 17 (65) 16 (62) 1.0
Age (yr) median (range) 74.5 (70-87) 74.98 (70-83) 0.80 75 (70-81) 74.26 (70-81) 0.43
BMI (kg/cm?) median (range)  26.7 (19-51) 26.7 (22-36) 0.90 26.7 (19-51) 26.7 (22-36) 0.48
Comorbidity > 2, n (%) 23 (57) 14 (38) 0.10 12 (46) 10 (40) 0.78
Cause of cirrhosis, n (%) 0.30 0.71
Hepatitis C virus, 1 (%) 21 (53) 19 (50) 16 (61) 16 (61)
Hepatitis B virus, 1 (%) 5(12) 10 (27) 4 (15) 6(23)
Alcohol, 1 (%) 6 (15) 4(12) 3(12) 14
Others, 1 (%) 8 (20) 4 (11) 3(12) 3(12)
F4 cirrhosis, n (%) 33 (82) 19 (51) 0.01 22 (85) 12 (46) 0.01
ASA score, 11 (%) 0.05 0.35
/11, n (%) 11 (28) 19 (51) 10 (40) 11 (42)
II/1V, n (%) 29 (72) 18 (49) 16 (61) 15 (58)
Preoperative blood tests median
(range)
Bilirubin (umol/L) median 1(1-1.1) 1(1-2) 0.55 1(1-1.1) 1(1-1) 0.90
(range)
Platelet count x 10°/L median 118 (52-380) 173 (55-387) 0.01 137 (69-380) 183 (55-340) 0.06
(range)
INR median (range) 1(1-2) 1(1-2) 0.40 1(1-1.2) 1(1-2) 0.06
AFP (mg/mL) median (range) 5 (1-1988) 12.5 (2-3900) 0.14 6.5 (1-1988) 7 (2-3900) 0.64
Child-Pugh, 1 (%) 0.20 0.06

A 37 (93) 30 (81) 26 (100) 21 (81)

B 3(7) 7 (19) 0(0) 5(19)
MELD median (range) 8 (6-15) 6 (6-16) 0.01 8 (6-15) 7 (6-16) 0.23
Tumors size (mm) median 23 (10-30) 29 (12-30) 0.02 20.5 (10-30) 23 (15-30) 0.08
(range)
Tumor locations, 1 (%) 0.10 0.45

4a 3(7) 3(8) 2(8) 2(8)

7 8 (20) 17 (46) 4 (15) 9 (34)

8 23 (58) 14 (38) 17 (65) 13 (50)

7-8 6 (15) 3(8) 3(12) 2(8)
Histological proven, 1 (%) 7 (17) 8(22) 0.80 6 (23) 8 (31) 0.75

AFP: a-fetoprotein; ASA: American Society of Anaesthesiology; BMI: Body mass index; INR: International normalized ratio; MELD: Model of end-stage
liver disease; PSM: Propensity score matching; RFA: Radiofrequency ablation.

essential to ensure success without compromise to oncological outcomes and surgical
safety. Laparoscopic approach was considered difficult for these kind of lesions and
also the anatomical landmarks are not clear as in anterior segments of the liver[8,19].
In complex cases including major hepatectomy, biliary reconstruction and difficult
segmentectomy of the PSS, robotic surgery improved intra-operative and short-term
postoperative outcomes[20].

In recent years RFA has been increasingly used for the treatment of small HCC as
first line curative treatment when patients are not candidates for LR or LT and also as
bridging treatment for patients on the waiting list for liver transplantation[21].

WJGS | https://www.wjgnet.com 1701 December 27,2021 | Volume13 | Issue12 |

Jaishideng®



Delvecchio A et al. Multicentric propensity score analysis

Table 2 Perioperative characteristics before and after propensity score matching, according to the procedure

Before PSM (n: 77) After PSM (n: 52)

RFA (n: 40)  Surgery (n: 37) Pvalue RFA(n:26)  Surgery (n: 26) P value
Operative time (min) median (range) 23.5 (5-55) 260 (120-600) <0.01 20 (5-26) 165 (120-383) <0.01
Blood transfusion, 7 (%) 3(7) 7 (19) 0.20 3(12) 5(19) 0.70
Postoperative complications, 1 (%) 9(22) 16 (43) 0.09 5(19) 14 (54) 0.02
Dindo-Clavien classification, 1 (%)
I-I 9(22) 11 (30) 0.60 5(19) 10 (40) 0.20
I-1v 0(0) 5(13) 0.02 0(0) 2(8) 0.50
Type of complications, n (%)
Liver failure 0(0) 2(5) 0.22 0(0) 2(8) 0.50
Ascites 0(0) 4 (11) 0.05 0(0) 4 (15) 0.11
Biliary leakage 0(0) 1(3) 0.50 0(0) 1(4) 1
Hemorrhage 12 2(5) 0.60 1) 1(4) 1.0
Systemic infection 0(0) 4(11) 0.05 0(0) 4 (15) 0.11
Intra-abdominal abscess 0 (0) 2(5) 0.23 0(0) 1(4) 1.0
Wound infection 0(0) 0(0) 0(0) 0(0)
Portal thrombosis 0 (0) 0 (0) 0(0) 0 (0)
Pulmonary 3(7) 3(8) 1 1(4) 3(12) 0.61
Cardiac 1(2) 2(5) 0.60 0(0) 2(8) 0.50
Renal 12 3(8) 0.35 1(4) 2(8) 1.0
Reoperation, 7 (%) 0(0) 0 (0) 0(0) 0(0)
Postoperative treatment, 1 (%) 0 (0) 2 (5) 0.23 0(0) 1(4) 1.0
Length of hospital stay (d) median (range) 2 (1-15) 6 (2-203) <0.01 3 (1-9) 7.5 (2-203) <0.01
90 d mortality, n (%) 2(5) 2(5) 1.0 2(8) 2(8) 1.0
Recurrence, 1 (%) 21 (52) 15 (40) 0.40 12 (46) 11 (42) 1.0

PSM: Propensity score matching; RFA: Radiofrequency ablation.

Technological improvements have increased effectiveness of RFA characterized by
less invasiveness and morbidity and better tolerability compared to LR; on the other
hand, liver resection guarantees removal of the tumor-bearing portal and hepatic veins
territory affected by micro metastases and microscopic vascular tumor invasions[5,22-
24].

The choice between percutaneous RFA and LR is still controversial because many
randomized prospective studies and meta-analyses were not conclusive[6,25-27].
Several aspects must be considered for choosing the best procedure including patient’s
age, HCC characteristics, oncological outcome, periprocedural risks, length of hospital-
ization and costs[22].

According to Asian Pacific Association for the Study of the Liver(APASL) HCC
guidelines[28], RFA is recommended as first line treatment for HCC < 2 cm because it
showed similar results in terms of OS compared to LR. Instead, American Association
for the Study of Liver Diseases (AASLD) highlight that surgical resection remains the
first therapeutic option in small size HCC, leaving RFA for patients not eligible for
surgery[29]. In cases of a single HCC > 2 cm, all guidelines recommend LR as the first
approach when feasible. RFA has the advantage of cost effectiveness, feasibility,
minimal invasiveness, short hospital stay, excellent efficacy and is particularly suitable
for older patients and tumors located in deep positions in the liver, also in PSS.

Our retrospective multicentric study showed better short-term outcomes and
similar long-term outcomes for RFA compared to LR in elderly patients with HCC <30
mm located in PSS.
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Figure 1 Overall and disease-free survival after surgery vs radiofrequency ablation in elderly patients for hepatocellular carcinoma
before and after propensity score matching. A: Overall survival before propensity score matching, Log Rank (Mantel Cox) = 0.50; B: Overall survival after
propensity score matching, Log Rank (Mantel Cox) = 0.91; C: Disease free survival before propensity score matching, Log Rank (Mantel Cox) = 0.17; D: Disease free
survival after propensity score matching, Log Rank (Mantel Cox) = 0.70. OS: Overall survival; DFS: Disease-free survival.
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In our work, operative time and hospital stay were shorter in the RFA group
compared to the LR group. This highlights the less invasive nature of the ablative
treatment and is corroborated by randomized controlled trials[6,25,27].

According to the literature data, overall postoperative complications were
significantly lower in the RFA group than in the LR group. These data emphasize the
minimally invasiveness and improved post-operative quality of life of percutaneous
treatment, necessary features especially for elderly patients[30,31].

In our study, OS and DFS had no significant difference between the RFA and LR
group and this is confirmed by Chen et al[25] Conversely, many articles reported a
decreased recurrence risk and improvement in OS of LR compared to the RFA group
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[32-35], but we would underline that there was no specificity regarding patient’s age.

LR has been associated with less HCC recurrences due to complete eradication of
the tumor and venous tumor thrombi, and could therefore result in better long-term
survival compared to RFA[36]. In addition, RFA may be associated with an increased
risk of neoplastic dissemination after treatment due to repeated puncture and
temperature-related intratumoral explosion[37].

Compared to LR, it is clear from numerous reports that percutaneous RFA treating
liver tumors = 40-50 mm in diameter or located in difficult sites of the liver
(subcapsular, adjacent gallbladder or diaphragm) is associated with an increased rate
of incomplete treatment, which is usually reported erroneously as a local recurrence
[37,38].

Liver resection should be considered for patients with better liver function and
longer life expectation in order to balance the postoperative risk of treatment with the
benefits in long-term survival.

It is evident that most of the studies and guidelines comparing LR with RFA do not
consider the patient’s age and the tumors locations, hence the need for additional
prospective randomized studies focusing on elderly patients with HCC located in PSS.

CONCLUSION

RFA in PSS segments in elderly patients is safe and feasible, ensures a short hospital
stay, increases the quality of life and does not modify the overall success rate. This
technique should be recommended mainly in elderly patients because it allows a
reduction of postoperative complications and a fast discharge to home.

ARTICLE HIGHLIGHTS

Research background

Liver resection and radiofrequency ablation are considered curative options for
hepatocellular carcinoma, but the choice among them is still controversial, especially
in cases of hepatocellular carcinoma affecting posterosuperior segments in elderly.

Research motivation
In literature there are few studies which focus on surgical treatments in elderly
patients with hepatocellular carcinoma especially in posterosuperior segments.

Research objectives

To compare short and long-term outcomes between liver resection and radiofrequency
ablation in elderly patients with single hepatocellular carcinoma located in posterosu-
perior segments.

Research methods

We performed a multicentric retrospective study enrolling 77 patients with > 70 years
of age, from January 2009 to January 2019 in 10 European hospital centers. Patients
were divided into two groups according to the treatment, liver resection or radiofre-
quency ablation. Preoperative, peri-operative data and long term outcomes were
retrospectively analyzed and compared in both groups before propensity score
matching and after propensity score matching.

Research results

After propensity score matching, 26 patients were included in each group. Operative
time and overall postoperative complications were higher in the resection group
compared to the ablation group. A median hospital stay was significantly longer in the
resection group than in the ablation group. There was no significant differences
between resection and ablation groups in terms of overall survival and disease free
survival at 1, 3 and 5 years.

Research conclusions

Radiofrequency ablation in posterosuperior segments in elderly is safe and feasible
and ensures a short hospital stay, better quality of life and does not modify the overall
and disease-free survival.
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Research perspectives

Radiofrequency ablation can be considered a gold standard for the treatment of single
hepatocellular carcinoma located in posterosuperior segments in elderly. These results
must be a starting point for future research and to ensure a higher level of evidence in
clinical practice.
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