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Abstract

Background and Aims: To evaluate long-term outcomes and prognostic factors of laparoscopic microwave ablation as a first-
line treatment for hepatocellular carcinoma located at the liver surface not feasible for percutaneous ablation. Methods: 51
consecutive patients receiving laparoscopic microwave ablation in our center between January |1, 2012, and July 31, 2014, were
enrolled. Technique effectiveness (complete ablation or incomplete ablation) was evaluated | month postprocedure. Procedure-
related complications were recorded. The influences of patients’ baseline characteristics on recurrence-free survival and overall
survival were analyzed after a median follow-up of 34.0 (ranging 19.0-49.0) months. Results: Complete ablation was gained in 47
(92.2%) of the 51 patients. No patients died within 30 days of microwave ablation procedure. A total of 3 (5.9%) cases of
complications were observed. Tumor progression/recurrence were observed in 40 patients (78.4%). The median recurrence-free
survival and median overall survival of the total cohort was | 1.0 months (95% confidence interval: 7.573-14.427) and 34.0 months
(95% confidence interval: 27.244-40.756), respectively. Multivariate analysis identified alanine transaminase level and tumor
number as independent significant prognosticators of recurrence-free survival whereas o-fetoprotein level as significant prog-
nosticators of overall survival. Conclusions: As a first-line treatment, laparoscopic microwave ablation provides high technique
effectiveness rate and is well tolerated in patients with hepatocellular carcinoma located at liver surface. Alanine transaminase and
tumor number were significant predictors of recurrence-free survival, whereas o-fetoprotein level was significant predictor of
overall survival. Laparoscopic microwave ablation might serve as a rational treatment option for patients with hepatocellular
carcinoma with tumors at the liver surface, which merits validation in future perspective studies.
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Introduction

Hepatocellular carcinoma (HCC) is the second leading cause of
cancer death worldwide, with half of the mortalities being in
China.' Hepatic resection and liver transplantation represent
curative treatments for patients with HCC,*? which, however,
are applicable to only 10% to 25% of patients when diagnosed.”*
In recent years, thermal ablative therapies such as radiofre-
quency ablation (RFA) have emerged as a well-accepted alter-
native for patients with HCC of Barcelona Clinic Liver Cancer
(BCLC) stage 0-A who are not eligible for hepatic resection
and liver transplantation.” Microwave ablation (MWA) is
another form of thermal ablation currently in use in many
centers. Owing to its physical properties, MWA possesses sev-
eral theoretical advantages over RFA, such as less-affected
tissue charring during ablation and thus capable of producing
larger ablation zone.” Recent studies suggest that MWA is less
affected by heat sink effect’ and might be more effective in
treating large HCC’®* compared to RFA.

The MWA is mainly conducted through imaging-guided
percutaneous approach by virtue of its minimally invasive
nature. However, there are some tumor lesions located in areas
that render percutaneous MWA unfeasible, such as ones pro-
truding from liver surface and ones adhering to adjacent tis-
sues/organs. These areas were referred to as “risk areas” in
previous literatures,”'° and percutaneous MWA of lesions in
these areas was technically challenging because it is hard to
reach a balance between the need of complete ablation (CA)
and the need of avoiding heat injury to adjacent tissues. These
patients, however, might benefit from laparoscopic MWA,
which guarantees a safer approach to liver tumors and enables
intracorporeal ultrasound guidance and scrutiny. This study
aimed at evaluating the technique effectiveness and long-
term outcomes of laparoscopic MWA patients with HCC
lesions not eligible for liver resection or percutaneous ablation.

Materials and Methods

Diagnosis and Treatment Allocation of HCC

Institutional Ethics Committee of Renji Hospital (Shanghai,
China) approved this retrospective study. All HCC were diag-
nosed according to the guideline of the European Association
for the Study of the Liver.> To be specific, the diagnosis was
confirmed by biopsies in patients without cirrhosis and by typ-
ical features on 1 (for nodules of 1-2cm) or 2 (for nodules >2
cm) imaging technique(s) in patients with cirrhosis. Diagnosis
was confirmed by biopsy in case of atypical radiological find-
ings. The HCC were staged according to the BCLC staging
system.'!

The clinicopathological characteristics of each patient were
assessed for treatment allocation by the HCC expert team in
Renji Hospital comprising hepatologists, liver surgeons, inter-
ventional radiologists, and oncologists.

Patients were allocated to local ablation therapies as an
initial treatment for one of the following reasons:

1. Patients within Milan criteria (single tumors <5 cm or 3
nodules <3 cm) but not eligible for liver resection and
liver transplantation because of (a) refusing liver resec-
tion and liver transplantation for psychological/
religious reasons; (b) contraindicated to liver transplan-
tation and liver resection due to comorbidities (such as
severe portal hypertension, impaired liver function, or
compromised cardiopulmonary function); and (¢)
unable to receive liver transplantation due to lack of
suitable transplant organ or economic reasons.

2. Patients beyond Milan criteria but with tumors within 8
cm that could be clearly delineated under ultrasound
and had a high likelihood to be completely ablated as
assessed by our HCC expert team.

Subsequently, patients with tumors at the liver surface unfea-
sible for percutaneous approach were allocated to laparoscopic
MWA, the scenario of which included (1) tumors protruding from
liver surface; (2) tumors contacting or adhering to diaphragm or
abdominal viscera (gastrointestinal tract and gallbladder) that
could be displaced during laparoscopy; and (3) subphrenic
tumors difficult to accurately target percutaneously, as confirmed
by expert radiologists skilled in interventional procedures.

Patient Enrollment

The medical records of patients with HCC who received MWA
in Renji Hospital (Shanghai, China) from January 11, 2012, to
July 31, 2014, were reviewed and informed consents from
patients to allow the review and analyses of their medical
records were obtained. Patients were enrolled into this study
according to preset criteria as shown in Figure 1.

Patients inclusion criteria were as follows: (1) treatment-
naive patients with HCC receiving laparoscopic MWA alone
or in combination with percutanecous MWA in Renji Hospital
(Shanghai, China) as an initial treatment from January 11,
2012, to July 31, 2014; (2) single lesion within 8 cm, or mul-
tiple (=3) lesions with no more than 1 lesion beyond 5 cm; (3).
Child-Pugh score A or B; and (4) adequate hematologic (plate-
let count >40 x 10°/L, international normalized ratio <2.0) and
renal (creatinine <2.0 mg/dL) functions.

Patients exclusion criteria were as follows: (1) patients who
received other anticancer treatment before MWA, such as
hepatic resection, sorafenib, RFA, or transcatheter arterial che-
moembolization (TACE); (2) patients with vascular invasion,
extrahepatic metastases, or malignancies of other tissue-of-
origin; (3) patients with signs of decompensated cirrhosis such
as clinical hepatic encephalopathy and refractory ascites; and
(4) patients with compromised cardiopulmonary function who
were unable to tolerate laparoscopic MWA.

Procedures of Laparoscopic Ultrasound Examination
and Laparoscopic MWA

All laparoscopic ultrasound examination (LUS) and laparo-
scopic MWA procedures were performed under general
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HCC patients of BCLC stage 0-B between January 11,2012 and July 31,2014
n=1142

|

¥

\J

Patients with a single nodular HCC within 5 cm in diameter; Patients with a single nodular HCC >5 cm in diameter; or
or patients with multinodular HCCs (< 3 in number, each <3 | |patients with multinodular HCCs (< 3 in number; at least
cm in maximum diameter). n=446 one >3 ¢m in maximum diameter). n=696
Surgical resection, n= 127 Transcatheter arterial chemoembolization, n=199
Liver transplantation, n= 21 Surgical resection, =89
Radiofrequency ablation. n= 99 le, Other » Liver transplantation, n= 8
Ethanol injection, n= 3 therap.y‘ Radiofrequency ab]a-tiong n=25
Transarterial chemoembolization, n= 12 modalities Sorafinib. 1=22
Recommendation of follow-up, n= 11 L i

Total number of tumor lesions >3, n=74

Single tumor diameter >8 cm, n=7
Inadequate hematologic (platelet count < Unsuitable Inadequate hematologic (platelet count <40x10%/L,
40x10%L, INR>2.0) and renal (creatinine >2.0 [«{ orunfeasible | - INR>2.0) orrenal (creatinine >2.0 mg/dL)
mg/dL) functions, n=6 for MWA functions, n=21
With signs of decompensated cirrhosis, n=3 With signs of decompensated cirrhosis, n=4

‘With malignancies of other tissue-of-origin, n=1

| h 4
l i MWA, n=410 !

Percutaneous MWA, |  Lost to follow-up, Having received other therapies
n=156 =12 prior to MWA, n=191

Final inclusion: treatment-naive patients receiving laparoscopic MWA as first-line treatment:
51 patients with 84 lesions

Figure 1. Flowchart of patient’s enrollment.

anesthesia. Vital signs were monitored throughout the proce-
dures. Abdominal access was obtained using a 12-mm optical
trocar in the right upper quadrant (RUQ). Artificial pneumo-
peritoneum was developed through CO, inflation to maintain a
pneumoperitoneum pressure of about 12 to 14 mm Hg. Subse-
quently, another 12-mm trocar was placed in the RUQ. Diag-
nostic laparoscopy and LUS of the liver were performed by a
surgeon trained in ultrasound techniques prior to each MWA.
The LUS was carried out using a probe with either a rigid shaft
(Aloka SSD 500, Sunbright, Shanghai, China [1996-1999]) or a
flexible tip (50 cm in length; 10 mm in diameter). The tip of the
shaft was side mounted by a 7.5 linear-array transducer, the
length of whose surface was 38 mm, producing an image foot-
print of approximately 4 cm in length and 6 cm in depth.

Depending on the extent of tumor exposure, the extent of
tumor adhesion, and the relative positions of tumor and its
adjacent tissues under the laparoscopy, additional puncture
tunnels would be developed under the xiphoid and/or next to
the costal margin if deemed necessary, with an aim to separate
adhesions and to expose tumors completely.

Laparoscopic MWA was performed with a 2450 MHz MTC-
3C microwave generator (Vision Medical, Nanjing, China),
which has a 25 cm cooled-shaft electrode probe (15-gauge) with
a 1.5 cm expandable tip. The settings of power output were 80 to
100 W. The MWA was started once the electrode needles were
placed into the tumors under laparoscopy or LUS. During

ablation procedure, complete coverage of the tumor region by
hyperechoic under real-time ultrasound was regarded as a mea-
sure of complete tumor ablation. At least 0.5 cm of the normal
hepatic parenchyma surrounding the tumor was ablated as an
ablative margin to achieve complete tumor destruction.

For each tumor, the most suitable ablation strategy was
discussed and determined at an intradisciplinary meeting prior
to each MWA procedure. The number of electrodes used and
ablations needed were determined depending mainly on tumor
characteristics and patient general conditions.

To treat the majority of tumors within 3 cm in diameter,
single ablation with one electrode under laparoscopy or LUS
was usually sufficient, but for those highly irregular ones, mul-
tiple ablations were applied so as to guarantee treatment effi-
cacy. For tumors of 3 to 5 cm, multiple overlapping ablations
under laparoscopy or LUS were harnessed. The electrode was
inserted until the distal margin of the lesion and then was with-
drawn every 1.0 to 1.5 cm to repeat the ablation.

Tumors larger than 5 cm were ablated by laparoscopic
MWA combined with percutaneous MWA. In these cases, mul-
tielectrode and multiplanar ablation strategy was used, in
which the intrahepatic part of the tumor was ablated by percu-
tanecous MWA whereas the superficial part was ablated by
laparoscopic MWA.

All procedures were performed by 1 of the 4 doctors (Z.B.,
W.T., SW.H., C.J.C.) with at least 4 years of MWA



Technology in Cancer Research & Treatment

Table 1. Preablation Clinicopathologic Characteristics of Patients Included in This Study.

Clinicopathologic Features

Clinicopathologic Features

Age, years Median (range) 58 (39-76)
<60/>60 27/24
Gender Male/female 40/11
Etiology HBV/HCV/others 34/2/15
Child score A/B 45/6
Tumor number 1/2/3 30/9/12
CA199, U/mL Median (range) 22.6 (4.1-120.3)
<37/>37 39/12
CEA, ng/mL Median (range) 2.7 (0.7-9.0)
<5/>5 44/7
AFP, ng/mL Median (range) 24.5 (3-4500)
<20/20-400/>400 16/20/15
Platelet count, 10°/L Median (range) 100.0 (33-274)
>100/<100 26/25

Albumin, g/L Median (range) 40.3 (26.9-52.6)

>35 vs <35 38/13
ALT, U/L Median (range) 25.0 (8-110)
<40/>40 39/12
AST, U/L Median (range) 34.0 (16-96)
<40/>40 35/16
TBil, umol/L Median (range) 15.5(6.9-73.2)
<25/>25 36/15
Creatine, pmol/L Median (range) 65.5 (9.8-114.9)
<110 vs >110 49/2
Tumor size, cm Median (range) 4.2 (1-8)
<3/3-5/>5 18/21/12
BCLC stage 0/A/B 1/32/18

Abbreviations: AFP, a-fetoprotein; ALT, alanine transaminase; AST, aspartate transaminase; CA199, carbohydrate antigen 199; CEA, carcinoembryonic antigen;

HBYV, hepatitis B virus; HCV, hepatitis C virus; TBil, total bilirubin.

experience. Laparoscopic cholecystectomy was performed in 7
cases where tumors adhered to the gallbladder. Detailed abla-
tion parameters were shown in Supplementary Table 1.

After ablation, patients were monitored for a couple of hours
in a recovery unit and then were sent back to the ward. A
complete panel of blood chemistry, including liver and renal
functions, was examined pre- and postablation.

Evaluation of Technique Effectiveness
and Procedure-Related Complications

Technique effectiveness was assessed 1 month post-MWA by
contrast-enhanced computed tomography (CT) or magnetic
resonance imaging (MRI). The ablation was considered com-
plete (CA) if the ablation zone completely covered the tumor
and no irregular enhancement existed at the ablation margin,
which was regarded as technical effectiveness. Otherwise, the
treatment was defined as incomplete ablation (IA).
According to the recommendations by the International
Working Group on Image-Guided Tumor Ablation,'? major
procedure-related complications referred to those that lead to
substantial morbidity and disability, increase the level of care,
or result in hospital admission or substantially lengthens the
hospital stay. All other complications were defined as minor.

Patients Follow-Up and Definition of Tumor
Progression/Recurrence

Patients’ follow-up, including detailed history, physical exami-
nation, blood chemistry, and imaging (contrast-enhanced CT or
MRI) evaluation, was performed 1 month postablation, every 3
months for the first year, and every 4 to 6 months thereafter.
Tumor progression/recurrence were defined according to the
International Working Group on Image-Guided Tumor Abla-
tion."* Briefly, in patients of CA, local tumor progression was
defined as reappearance of enhancement within or contacting the
ablation zone on follow-up imagines. Intrahepatic distant

recurrence (IDR) was defined as the occurrence of tumor lesions
within the liver but not contacting the ablation zone. Extrahepa-
tic recurrence (ER) was defined as extrahepatic metastasis.
Recurrence-free survival (RFS) was calculated from the day
of initial MWA to the day of tumor progression/recurrence or
death or last follow-up. Overall survival (OS) was calculated
from the day of initial MWA to the day of death (confirmed by
medical records or by family members) or last follow-up.

Treatment Strategy After Tumor Progression/Recurrence

Treatment strategies after first tumor progression or recurrence
included liver transplantation in 1 patient, hepatic resection in 2
patients, TACE in 27 patients, TACE plus sorafenib in 1
patients, Chinese traditional medicine in 2 patients, and MWA
and/or RFA in 6 patients. Detailed treatment strategies after
tumor progression or recurrence are shown in Figure 2.

Statistical Analysis

The correlations between tumor characteristics and technique
effectiveness were analyzed by y? test or Fisher exact test.
Median OS (mOS) and median RFS (mRFS) were calculated
using the Kaplan-Meier method and compared by the log-rank
test. Variables with P values <.25 on univariate analyses were
included in multivariate analysis (Cox proportional hazards
model; Backward selection). All statistical analyses were
conducted using SPSS 22.0 for Windows (SPSS, Chicago,
Illinois). P < .05 was considered as statistically significant.

Results

3 Baseline Characteristics of Patients Included
in This Study

According to the preset patient inclusion and exclusion criteria,
atotal of 51 patients were included in this study, and 27 of them
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Technical failure (residue tumor
after laparoscopic MWA, n=4)

TACE (n=3); TACE plus Sorafinib (n=1)

Subsequent treatment options ‘

Laparoscopic microwave ablation (WMA) as a first-line treatment (n=51)

Mortality within 30 days (n=0)

No recurrence or progression until
last follow-up (n=11)

Treatment options after first recurrence (n=40)

(n=5).

TACE (n=28); TACE plus Sorafinib (n=2); MWA (n=2); RFA

| Traditional Chinese Medicine (n=2);

No treatment (n=1).

MWA (n=2); RFA (u=1).

No recurrence (n=8)

Treatment options after second recurrence (n=29)

TACE (n=14); TACE plus Sorafinib (n=2); Sorafinib (n=2);

Norecurrence (n=7)

Treatment options after third recurrence (n=18)

TACE (n=7); TACE phs Sorafinib (n=1);
Sorafinib (n=2); MWA (n=1); RFA (n=1).

Traditional Chinese Medicine (n=2); ‘

No treatment (n=2).

Traditional Chinese Medicine (n=3); ‘
No treatment (n=3).

4t recurrence (n=4); 5 recurrence (n=2)

Figure 2. Treatment strategies after recurrence in patients with primary or secondary technique effectiveness.

had died by the last follow-up (January 31, 2016). The median
follow-up was 34.0 months (ranging from 19.0 to 49.0 months).
Patients’ baseline clinicopathologic features were shown
in Table 1.

Ablation Effectiveness, Complications, and Long-Term
Outcomes

The CA was gained in 47 of the 51 patients, with CA rate being
92.2%. The CA rates of patients with largest tumors <3 c¢m, 3
to 5 cm, and >5 cm were 94.4% (17/18), 85.7% (18/21), and
100% (12/12), respectively. No patients died within 30 days of
MWA procedure.

A total of 3 (5.9%) cases of complications (2 cases of acute
renal deficiency and 1 case of hyperbilirubinemia) were
observed during follow-up. All these 3 cases of complications
subsided naturally or after medication.

Tumor progression/recurrence was observed in 40 (78.4%)
patients by the last follow-up (January 31, 2016), of which 8
patients (15.7%) suffered from LTR, 31 (60.8%) from IDR, and
the remaining 1 from ER. The mRFS and mOS of the total
cohort was 11.0 months (95% confidence interval [CI],

7.573-14.427) and 34.0 months (95% CI, 27.244-40.756),
respectively (Figure 3A and B).

Prognosticators of RFS and OS

The ALT <40 U/L was a significant favorable prognosticator of
RFS compared with ALT >40 U/L on univariate analyses (P =
.005, Table 2). Platelets count >100 x 10°/L and CA also
showed a favorable trend compared with platelets count <100
x 10°/L (P = .052) and IA (P = .074), respectively, although
without statistical significance. On multivariate analysis, ALT
<40 U/L (hazard ratio [HR], 0.725; 95% CIL, 0.502-0.923; P =
.018) and 1 tumor lesion (HR, 0.288; 95% CI, 0.103-0.810; P =
.018) were independent significant prognosticators of RFS com-
pared with ALT >40 U/L and 3 lesions, respectively (Table 3).

As for OS, a-fetoprotein (AFP) level was the only signifi-
cant prognosticators on both univariate and multivariate anal-
yses (Table 2). The mOS of patients with AFP <20 ng/mL, 20
to 400 ng/mL, and >400 ng/mL were 36 months (95% ClI,
33.356-38.644), 34 months (95% CI, 25.105-42.896), and 23
months (95% CI, 8.708-37.929), respectively (P = .005; Figure
3C). Compared with AFP >400 ng/mL, AFP <20 ng/mL (HR,
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Figure 3. Kaplan-Meier curves of patients’ recurrence-free survival (A) and overall survival in total cohort (B) and by level of AFP (C). AFP

indicates o-fetoprotein.

0.177; 95% CI, 0.057-0.549; P = .003) and 20 to 400 ng/mL
(HR, 0.306; 95% CI, 0.117-0.803; P = .016) were independent
favorable prognosticators of OS (Table 4).

Discussion

Thermal ablative therapies such as MWA have emerged as an
alternative of hepatic resection and liver transplantation for
early and very-early HCC. However, percutaneous RFA was
unfeasible in about 25% to 55% of candidates'*'® due to unfa-
vorable tumor locations. For example, the local recurrence rate
is higher in tumors located at liver surface due to insufficient
ablation than in tumors deep in the liver after percutaneous
ablation.'>'*!""'8 Moreover, subphrenic tumors unable to be
delineated clearly under percutaneous ultrasound are also
unsuitable for percutaneous ablation.'#'®

In these cases, laparoscopic ablation can serve as an alter-
native option because it possesses several advantages over per-
cutaneous ablation while retaining the minimal invasiveness.
First, it allows for improved tumor staging by intraoperative
ultrasound and gross examination.'® Second, it guarantees a

safer approach to liver tumors whose locations render percuta-
neous approach unfeasible or extremely challenging.® Recent
studies have shown that laparoscopic RFA provides safe treat-
ment for HCC in unfavorable areas such as subcapsular lesions
or lesions in close proximity to abdominal viscera.?*** How-
ever, the safety and efficacy of laparoscopic MWA on HCC in
areas unfeasible for percutaneous ablation remains largely
unknown. In this study, we reported our experience of using
laparoscopic MWA alone or in combination with percutaneous
MWA to treat HCC in these unfavorable areas.

Using laparoscopic MWA on tumors ranging from 1 to 8 cm
in areas unfeasible for percutaneous ablation, we gained an
initial CA rate of 92.2%, which is higher than or at least com-
parable to the previous reported CA rates of percutaneous
MWA of HCC.”? Si et al,* for example, reported a complete
response rate of only 42.4% in large (>5 cm) treated with
MWA followed by TACE. In tumors of 3 to 5 cm treated by
percutaneous MWA, Zhang et al’ reported an initial CA rate of
82.61%, and in HCC of 5 to 7 cm. Medhat et al*® reported an
initial CA rate of 73.1%. Given the importance of initial
response in survival prediction of HCC as confirmed by
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Table 2. Univariate Analyses of Prognosticators of Recurrence-Free  Table 3. Multivariate Analysis of Recurrence-Free Survival.
Survival and Overall Survival.
Clinicopathologic Features HR 95% CI P Value
P Value
AFP, ng/mL

Recurrence-Free Overall <20 0.386 0.130-1.143 .086°

Clinicopathologic Features Survival Survival 20-400 1.162 0.394-3.340 785°
>400

Age, years (<60 vs >60) 0.965 0.994 ALT, U/L
Gender (male vs female) 0.529 0.511 <40 0.725 0.502-0.923 018
Etiology (HBV vs HCV vs others) 0.785 0.714 40
Child score (A vs B) 0.427 0.182 Platelet count, 10°/L
Tumor number (1 vs 2 vs 3) 0.107 0.086 <100 0.431 0.173-1.072 070
Tumor size, cm (<3 vs 3-5 vs >5) 0.454 0.506 >100
AFP, ng/mL, (<20 vs 20-400 vs >400) 0.158 0.005 Tumor number
Platelet count, 10%/L (>100 vs <100) 0.052 0.202 1 0.288 0.103-0.810 018
Albumin, g/L (>35 vs <35) 0.444 0.568 2 0.449 0.132-1.532 201°
ALT, U/L (<40 vs >40) 0.005 0.079 3
AST, U/L (<40 vs >40) 0.847 0.832 Technique effectiveness
CA199 (<37 vs >37 U/mL) 0.724 0.563 CA 0.354 0.035-3.585 380
CEA (<5 vs >5 ng/mL) 0.636 0.923 IA
TBil, umol/L (<25 vs >25) 0.406 0.937
Creatine, pmol/L (<110 vs >110) 0.614 0.724 Abbreviations: AFP, a-fetoprotein; ALT, alanine transaminase; CA199, car-
Technique effectiveness (CA vs IA) 0.074 0.391 bohydrate antigen 199; CA, complete ablation; CEA, carcinoembryonic anti-
Types of recurrence (LTP vs IDR vs ER) NA 0.896 gen; CI, confidence interval; HR, hazard ratio; IA, incomplete ablation; TBil,

Abbreviations: AFP, a-fetoprotein; ALK, alkaline phosphatase; ALT, alanine
transaminase; AST, aspartate transaminase; BCLC, Barcelona Clinic Liver
Cancer; CAlst, complete ablation at first microwave ablation (MWA); CA2nd,
incomplete ablation at first MWA but complete ablation at second MWA;
CLIP, Cancer of the Liver Italian Program; ER, extrahepatic recurrence; IA,
remaining incomplete ablation after 2 sessions of MWA; IDR, interhepatic
distant recurrence; INR, international normalized ratio; GGT, y-glutamyl trans-
peptidase; HBV, hepatitis B virus; HCV, hepatitis C virus; LTR, local tumor
recurrence; PT, prothrombin time; TBil, total bilirubin.

multiple studies,?”*® our results suggest that laparoscopic

MWA is an effective strategy for patients with HCC with
tumors in areas unfeasible for percutaneous approach.

In these 51 patients treated with laparoscopic MWA, only 3
(5.9%) cases of complications were observed, all of which
subsided naturally or after medication. The complication rate
in our study is lower than or at least similar to those reported
in previous studies of percutaneous local ablative therapies in
patients with HCC. In a large cohort study comprising 1305
patients spanning 10 years,?’ for example, the complication
rate of patients with HCC following RFA as a first-line treat-
ment was 8.3%. In our another study regarding percutaneous
MWA of HCC in more than 200 patients, the complication rate
was 10.4% (data submitted).

Patients with HCC >5 cm are not recommended for local
ablative therapies in mainstream guidelines® with the notion
that local ablative therapies are unable to provide CA for the
majority of patients with large HCC. In our study, there were 12
patients with tumors >5 cm. These patients received MWA
rather than TACE as an initial treatment because their tumors
could be clearly delineated under ultrasound and hold a high
likelihood to be completely ablated by laparoscopic MWA as
assessed by our HCC expert team. Using special ablation tech-
niques (multielectrode, multitract, and multiplanar ablation
strategy) and a combination of laparoscopic MWA and

total bilirubin.
#Tumor number 1 vs 2; AFP <20 vs 20-400.
>Tumor number 2 vs 3; AFP 20-400 vs >400.

Table 4. Multivariate Analysis of Overall Survival.

Clinicopathologic Features HR 95% CI P Value

AFP, ng/mL
<20
20-400
>400

ALT, U/L
<40
>40

Platelet count, 10°/L
<100
>100

Child score
A 1.644
B

Tumor number
1 0.426
2 0.722
3

0032
016°

0.177
0.306

0.057-0.549
0.117-0.803

0.893 0.512-1.180 .062

0.480 0.185-1.241 130

0.326-8.501 .540

.089°
610°

0.159-1.139
0.206-2.530

Abbreviations: AFP, a-fetoprotein; ALT, alanine transaminase; CA199, car-
bohydrate antigen 199; CA, complete ablation; CEA, carcinoembryonic anti-
gen; CI, confidence interval; HR, hazard ratio; IA, incomplete ablation; TBil,
total bilirubin.

Tumor number 1 vs 2; AFP <20 vs 20-400.

>Tumor number 2 vs 3; AFP 20-400 vs >400.

percutaneous MWA, we gained a CA rate of 100% (12/12).
However, due to the relatively small number of patients with
large HCC in our study, future studies with larger patient cohort
remain needed to validate our result.

In conclusion, although retrospective in nature, our study is
the first to investigate the safety and efficacy of laparoscopic
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MWA on patients with HCC at liver surface unfeasible for
percutaneous ablation. Our study revealed that laparoscopic
MWA is well tolerated and effective in patients with HCC at
liver surface and identified ALT and tumor number as inde-
pendent predictors of RFS whereas AFP level as independent
predictor of OS. The results of our study suggest that laparo-
scopic MWA might serve as a rational treatment option for
patients with HCC with tumors at the liver surface unfeasible
for percutaneous approach, which requires validation in future
perspective studies.
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