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ABSTRACT

Background/Aims: To investigate the efficacy and the safety of a hybrid
ablation combining a percutaneous and endoscopic approach for multinodular
hepatocellular carcinomas.

Methodology: Hybrid ablation consists of a percutaneous approach for
deep-sited tumors and an endoscopic approach for superficial ones. Between
January 1991 and December 2007, fourty-eight patients with 139 nodules
were treated with the hybrid ablation. The perioperative clinical data and
prognosis of the hybrid approach group were compared with 15 patients with
superficial and deep-sited multinodular HCCs treated by the pure endoscopic
ablation.

Results: With regard to the deep-site of the liver tumors, the complete
disappearance of tumor enhancement was observed in 76 of 77 tumors
(98.7%) in the hybrid ablation group, and 15 of 18 tumors (83.3%) in the pure
endoscopic ablation group (p = 0.02). The mean operation time (236.5
minutes), the mean amount of intraoperative bleeding (20.3g), the median
days of postoperative hospital stay (14 days), major complication rates
(10.4%), and the 5-year overall survival (42%) in the hybrid ablation group
were similar to the pure endoscopic group.

Conclusions: Hybrid ablation is a clinically useful treatment for multinodular

hepatocellular carcinomas located in both superficial and deep-site of the liver



INTRODUCTION

Local ablation therapies, such as radio-frequency ablation (RFA),
microwave coagulation therapy (MCT), ethanol injection therapy, and
cryoablation are beneficial treatments for small hepatocellular carcinoma
(HCC), especially in patients with liver cirrhosis (1-3). A percutaneous
approach is comparatively easy and safe to perform, and has now been
commonly adopted worldwide (4). However, in patients with tumors located
on the surface of the liver, an endoscopic approach via a thoracoscopic or
laparoscopic approach must be selected, in order to prevent thermal injury of
the surrounding organs, peritoneal hemorrhage, and needle-track or peritoneal
seeding of tumor cells (5-8).

In our department, endoscopic ablation was introduced in 1994. In the
early period, in treating patients with multinodular HCCs located in both
superficial and deeper sites of the liver, a pure endoscopic approach was
applied. However, it was relatively difficult to perform an accurate puncture
of the deep-sited tumors, resulting in an insufficient therapeutic result.
Therefore, we developed a hybrid ablation technique consisted of a
percutaneous ablation for deep-sited tumors and an endoscopic ablation for
superficial tumors.

The purpose of this study was to investigate the efficacy and the safety

of hybrid ablation for multinodular HCCs.



METHODOLOGY

Patients

Between January 1991 and December 2007, 665 patients with HCC underwent
RFA or MCT in the Department of Gastroenterological Surgery, Graduate
School of Medical Sciences, Kumamoto University. Two hundred eighteen
patients were treated with the endoscopic approach and among them, 63
patients had multinodular HCCs located in both superficial and deep-site of
the liver. Forty-eight patients were treated with the hybrid ablation and 15
were treated with pure endoscopic ablation. The diagnosis of HCC was mainly
confirmed by the diagnostic imaging: ultrasound sonography (US), computed
tomography (CT), Magnetic resonance imaging (MRI), CT during
arteriography (CTA) and arterio-portography (CTAP), and tumor markers:
alpha-fetoprotein (AFP), AFP — L3, protein induced by vitamin K absence.(9)
Preoperative fine-needle aspiration cytology was not essentially performed to

prevent peritoneal tumor dissemination.(10, 11)

Indications for local ablation therapy with the hybrid approach

Local ablation therapy was mainly selected for the HCC patients with
poor liver function, instead of an indication of hepatic resection. The patients
with a history of bilioenteric anastomosis or sphincterotomy were excluded
from the indications for ablation therapy, because of a high risk for liver
abscess formation.(12)

In our department, the percutaneous ablation is performed for the
tumors, within 3 nodules, measuring within 3 cm in diameter, with no vascular
invasion, and which are not located in a superficial site of the liver. The

endoscopic ablation was mainly indicated for superficial tumors, within 3



nodules, within 4 cm in diameter, and without any venous invasion.
Superficial tumors were defined as those located within 5 mm-depth from the
surface of the liver. Endoscopic ablation can prevent the bleeding from
surface of the tumor, the thermal injury of the surrounding organs, and the
eruption of tumor cells.(6, 13) In treating patients with multinodular HCCs in
mixture of superficial and deeper-site tumors safely and easily, the hybrid
ablation was applied. The superficial tumor was ablated with endoscopic

approach, while the deep-site tumor was treated with percutaneous approach.

Procedure of hybrid ablation

The procedure was performed under general anesthesia in all of the
patients. MCT was performed with monopolar-type electrodes and RFA was
achieved with internally cooled electrodes (Cool-tip'™), and a complete tumor
ablation with a margin of 5 mm around the tumor was aimed.(2) In the early
stage of the introduction of hybrid ablation, a percutaneous approach was
initially performed followed by an endoscopic approach. If the endoscopic
approach was performed first, then the percutanous US would be possibly
unclear because of the pneumoperitoneum. Recently, hybrid ablation was
performed with endoscopic ablaion first, followed by the second percutaneous
ablation with artificial ascites.(14, 15) At the end of all the procedures,
complete coagulation and hemostasis were confirmed endoscopically.
Laparoscopic or thoracoscopic US was performed using a 7.5-MHz flexible,
linear, side-viewing probe. For superficial tumors, the ablation of the
surrounding liver parenchyma was initially performed under direct view or
endoscopic US, and finally, the tumor was directly punctured to achieve

complete ablation.(16) HCC, smaller than 2cm, can be treated without the



insertion of the needle into the tumor itself.(16)

Assessment of Treatment Efficacy and Follow-Up

At a week after the local ablation therapy, tri-phasic contrast
enhanced-CT scan with 5 mm-widths was performed to evaluate the quality of
the treatment. An ablated area all around the tumor with no enhancement in
the arterial phase was defined as complete tumor necrosis. If the tumor was
judged not to be completely ablated, additional sessions of ablation therapy or
transarterial chemoembolization were applied. Follow-up consisted of
monthly blood tests with monitoring of tumor markers and tri-phasic contrast
enhanced-CT scans every 3-4 months. If recurrence of HCC was suspected,
additional treatments were attempted according to the pattern of recurrence

and the remnant liver function.

Comparison of clinical characteristics of HCC patients treated with the
pure endoscopic and the hybrid ablation

In order to arrange the background of tumor numbers, the patients
treated with the pure endoscopic ablation were selected as a control, although
this group does not include deep-site HCCs. Preoperative clinical parameters
such as age, gender, hepatitis B virus surface antigen (HBs—Ag), hepatitis C
virus antibody (HCV-Ab), tumor size, tumor number, and the liver damage
grade(17) were examined. The surgical parameters included the operation time,
amount of intra-operative bleeding, postoperative hospital days, complication
rates, and overall survival. All parameters were compared between the pure

endoscopic ablation group and the hybrid group.



Statistical analysis

The clinical continuous parameters were expressed as the mean +
standard error. Comparisons between the groups were performed using
Student’s t-test for continuous data and the x° test (or the Fisher’s exact test
where appropriate) for categorical data. The median postoperative hospital
stay was compared using the Mann-Whitney’s U test. Overall survival was
calculated using the Kaplan-Meier method, and the log-rank test was used to
assess differences in survival estimates among the groups. Differences with a

p-value less than 0.05 were considered to be significant.



RESULTS

In the hybrid ablation group, there were 139 nodules in 48 patients.
Seventy-seven deep-sited nodules were ablated with percutaneous approach
and 62 superficial nodules were treated endoscopically. Endoscopic
maneuvers were performed with 12 thoracoscopic and 36 laparoscopic
approaches. Age, gender, HBs-Ag, HCV-AD, and liver damage grade, and the
mean size of the main tumor were similar in the group of hybrid and pure
endoscopic ablation (Table 1). The mean tumor number were 2.9 in the hybrid
ablation group and 2.8 in the pure endoscopic ablation group (p=0.84). With
regard to the deep-site of the liver tumors, the complete disappearance of
tumor enhancement was observed in 76 of 77 (98.7%) in the hybrid ablation
group, and 15 of 18 (83.3%) in the pure endoscopic ablation group (p = 0.02).
With the superficial site of the liver tumors, the complete disappearance of
tumor enhancement was observed in 61 of 62 (98.4%) in the hybrid ablation
group, and 35 of 36 (97.2%) in the pure endoscopic ablation group (Table 2; p
=1.0).

The mean operation time was 236.5 minutes in the hybrid ablation
group and 222.9 minutes in the pure endoscopic group (p = 0.50). The mean
amount of intra-operative blood loss was quite low, 20.3g in the hybrid
ablation group and 12.9g in the pure endoscopic ablation group (p = 0.60).
The median postoperative hospital stay were 14 and 12 days in the two groups
(p =0.16).

No significant differences were observed in the complication rates,
10.4% and 6.7% in the two groups (p = 1.0). One case (2.1%) of lethal
complication (pyothorax) was encountered in the hybrid ablation group. A

pyothorax (2.1%), a cholecystitis (2.1%), a surgical site infection (2.1%), and



two pleural effusions (4.2%) were obsereved in the hybrid ablation group. No

peritoneal tumor disseminations or port-site recurrences has been observed.
The cumulative 5-year overall survival rates were quite similar, 42%

and 40% in the hybrid ablation group and the pure endoscopic ablation group,

respectively (Figure 2, p = 0.60; The mean follow-up period was 2.9 years).



DISCUSSION

For HCCs detectable with percutaneous US, percutaneous ablation
therapy is less invasive and is considered to be the first-line therapy (18, 19).
However, in some patients, a complete ablation is difficult due to the
localization of the tumor (18). Especially, in treating HCCs located on the
surface of the liver, there are some ablation-specific complications such as
thermal injury of the gallbladder, intestine and stomach, bleeding from the
tumor, and intra-abdominal seeding of tumor cells (5, 6, 10, 12, 20, 21).
Ablation therapy using thoracoscopy or laparoscopy is quite useful to treat
tumors that cannot be detected with percutaneous US (22), located close to the
visceral organs (22, 23), or located in superficial site of the liver (6). In
treating tumors that cannot be detected by percutaneous US, the endoscopic
approach allows easier and correct insertion of the needle electrode using
endoscopic US in various suitable directions (22). In treating tumors located
close to surrounding organs, the endoscopic maneuver can make a direct
observation of the tumor and their surrounding structure. The gallbladder,
digestive organs, diaphragm, heart, and lung can be protected from burns or
misguided punctures. If necessary, additional procedures such as an
endoscopic hepatectomy, cholecystectomy, or dissection of blood vessels
supplying the tumor can be concurrently performed (8).

For the treatment of superficial liver tumors, the risk of
intra-abdominal seeding of tumor cells must be considered (6, 10, 13, 21).
Subcapsular HCCs must be ablated by indirect puncture through the
nontumorous liver followed by needle track ablation (6). Besides, if a spout of
tumor cells or bleeding occurs, sufficient management such as suction of

tumor cells, peritoneal lavage with saline, or hemostasis can be promptly



achieved via the endoscopic approach (8). Inversely, in treating tumors
located in deep-site of the liver, it is slightly difficult to achieve an accurate
puncture via the pure endoscopic approach. In fact, in treating tumors located
in deep-site of the liver with the pure endoscopic ablation, a skillful
freehand-puncture technique using a linear type probe and a guide needle is
needed (16, 24). With regard to the deep-site of the liver tumors, In order to
treat multiple tumors located in deep-site of the liver, we developed a hybrid
ablation using percutaneous and endoscopic approaches in a session. In the
hybrid ablation group, complete disappearance of tumor enhancement was
achieved in 98.7% of tumors located in deep-site of the liver and 98.4% of
tumors located in the superficial site of the liver. Especially in deep-site of the
liver tumors, it was easier to treat with the percutaneous approach, resulting in
the high rate of complete disappearance of tumor enhancement compared to
the pure endoscopic group (83.3%).

In the hybrid ablation group, although both the percutaneous and
endoscopic approach was needed, the mean amount of operation time,
intra-operative bleeding, the median postoperative hospital stay, and the rate
of complications were equivalent to the pure endoscopic group. Previous
studies reported that the incidence of major complications after local ablation
therapy was low (2.0 to 3.0%), and there were few treatment-related deaths (7,
12, 20, 25, 26). In the current study, major complication was encountered by a
case (2.1%) in the hybrid ablation group, regardless of containing many
superficial HCCs (6, 12, 20). In addition, no thermal injury of the intestines,
subcapsular hematoma, and tumor recurrences at the port site or peritoneal
dissemination was observed. The cumulative 5-year overall survival rate in

the hybrid ablation group was 42%. The reported 5-year overall survival of



HCC patients treated with local ablation therapy were 20 — 55% (27-32). Yan
et al. reported that the number of tumors affects HCC patients’ prognosis and
the 5-year survival of patients with multinodular HCCs was 34.2% (32). The
current data was quite acceptable with a relatively long mean follow-up period
(2.9 years), even though all the patients had multinodular HCCs which 1is
reported to be a significant poor prognostic factor (32-34).

In conclusion, the hybrid ablation technique concurrently using both
the percutaneous and endoscopic approach is considered to be a quite useful
treatment for patients with a mixture of superficial and deep-sited HCCs with

regard to its short and long term therapeutic effect and safety.
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FIGURE LEGENDS

Figure 1 A multinodular HCC successfully treated with the hybrid ablation.
The percutaneous and endoscopic approach was both used in a session of
ablation therapy. A HCC located in a deep-site in the liver (arrow) was ablated
via the percutaneous approach (a, ¢) and a tumor located in superficial site of

the liver (arrow head) was treated via the endoscopic approach (b, d).

Figure 2 Overall survivals in the hybrid and the pure endoscopic ablation
group. Cumulative 5-year overall survival rates were similar, namely 42% and

40% in the two groups.



