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Abstract

Background Laparoscopic-assisted thermal ablation has been used successfully to treat early hepatocellular carcinoma
(HCC) tumors, defined as <3 cm in diameter. This approach allows for ablation of tumors located in areas of the liver that
are otherwise inaccessible for a percutaneous approach. Thermal ablation of exophytic tumors remains controversial due to
a reported increased risk of tumor seeding of the abdominal cavity and incomplete ablation.

Methods This cohort study consisted of 663 HCC tumors treated with thermal ablation at a single, quaternary academic
medical center between 2/2001 and 1/2021. Post treatment, patients were followed at a defined interval schedule beginning
at one month post treatment, then every 3 months for 2 years, every 6 months in year 3, followed by yearly studies. Patients’
medical records were reviewed for three years post ablation for evidence of complete ablation and intra-abdominal dissemi-
nation of disease.

Results 326 patient records met the inclusion criteria. Comparing the exophytic and non-exophytic groups, there were sta-
tistically significant differences in etiology of liver disease (p =0.048) and TNM stage (p =0.03), as well as a higher rate of
incomplete ablation in the non-exophytic group (10.2% vs 3.3%; p=0.045). Otherwise, there were no statistically significant
differences in baseline characteristics, tumor characteristics, or use of thermal ablation technology. Rates of intra-abdominal
dissemination of HCC were low in both groups: 1.1% (n=1) in the exophytic group and 1.7% (n=4) in the non-exophytic
group. There was no significant difference in intra-abdominal dissemination of HCC between the groups (p > 0.99, RR =0.66;
95% CI10.07-5.79). Additionally, no differences were seen in dissemination between microwave ablation and radiofrequency
ablation (p>0.99).

Conclusion This study demonstrates that laparoscopic-assisted thermal ablation of small, exophytic tumors is safe and does
not increase the risk for disseminated intra-abdominal HCC disease.

Keywords Exophytic - Hepatocellular carcinoma - Ablation - Intra-abdominal seeding - Dissemination - Laparoscopic-
assisted

Liver cancer is the fourth most frequent cause of cancer-
related deaths worldwide and the second most lethal tumor
with a five-year survival rate of 18% [1, 2]. Hepatocellular
carcinoma (HCC) is the most common type of primary liver
cancer and often (> 80%) occurs in the setting of underlying
liver disease [3]. In the United States, the incidence of liver
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cancer, predominantly HCC, has increased by 43% between
2000 and 2016, largely driven by the increased incidence of
non-alcoholic fatty liver disease (NAFLD) secondary to obe-
sity and metabolic syndrome [1, 4, 5]. This trend is expected
to continue, with the incidence of NAFLD-related HCC pro-
jected to increase by 122% in the United States by 2030 [6].

Treatment for HCC is based on tumor staging [7, 8].
The Barcelona Clinic Liver Cancer algorithm is one of the
most widely used set of staging guidelines and categorizes
patients into one of five stages based on number and size of
lesions, liver function, and the presence of macrovascular or
extrahepatic spread. Very early-stage (BCLC 0) is defined
as a solitary nodule less than or equal to 2 cm. Early-stage
(BCLC A) is defined as a solitary nodule greater than 2 cm
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or 2 to 3 nodules all less than or equal to 3 cm. Liver func-
tion is preserved and there is no evidence of extrahepatic
spread or macrovascular invasion from the tumor in BCLC
stages 0 and A [1, 9].

Surgery is the optimal treatment for early HCC, either by
tumor resection or liver transplant. Unfortunately, less than
30% of patients are candidates to undergo resection or trans-
plant often due to the size and location of the tumor(s) or
underlying comorbidities, including liver disease [4, 10, 11].
For these patients, local therapy is the best treatment option
[12, 13]. Thermal ablation, a local organ-directed therapy,
has been shown to be effective and safe at treating small
(<3 cm), early-stage HCC. However, there continues to be
debate about the safety of using thermal ablation on exo-
phytic HCC tumors. The prevailing opinion is that subcap-
sular and exophytic tumors are contraindications to thermal
ablation because of a reported increased risk of abdominal
tumor seeding, tumor recurrence, and incomplete ablation
[14, 15]. The objective of this study is to evaluate the safety
and efficacy of laparoscopic-assisted thermal ablation to
treat exophytic HCC tumors in patients with cirrhosis.

Materials and methods
Study design, setting, and population

This is a single-center, retrospective cohort study of adult
patients (age > 18 years old) with underlying liver disease
who were treated with thermal ablation for HCC tumors at a
single, quaternary academic medical center between 2/2001
and 1/2021. Each tumor/operation is considered indepen-
dently. Inclusion criteria were radiographic evidence of
HCC, a single HCC nodule <5 c¢m or up to three nodules
each less than 3 cm, and thermal ablation completed via a
laparoscopic approach. This study followed STROBE guide-
lines [16].

All cases were deemed unsuitable for liver resection due
to the severity of portal hypertension, degree of liver dys-
function, or associated medical comorbidities. The study
was approved by the Institutional Review Board. Exclusion
criteria were vascular invasion, distant metastases, missing
preoperative imaging, or lack of follow-up imaging at least
12 months post ablation. Additionally, cases in which abla-
tion could not be safely performed or in which no tumor was
identified intraoperatively were excluded from this study.

Preoperative workup
Medical records of all patients were reviewed. An exophytic
lesion is defined as a tumor that extends beyond the hepatic

capsule. Non-exophytic lesions describe all other intraparen-
chymal HCC tumors. Patients were identified as having
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exophytic lesions either via operative notes or preoperative
imaging reviewed by the authors. MELD-Na score was cal-
culated for every patient based on their most recent labs
prior to ablation [17]. Tumor diameter was calculated via
imaging and confirmed intraoperatively. If multiple lesions
were ablated during a single operation, the diameter of the
largest lesion was used.

Surgical procedure

All procedures were laparoscopic and performed by a single
surgeon experienced in minimally invasive hepatic surgery.
All tumors were localized with intraoperative ultrasound
and compared with preoperative magnetic resonance imag-
ing (MRI) or computed tomography (CT) scan to confirm
location. Lesion number and diameter noted in preoperative
imaging were confirmed intraoperatively. Radiofrequency
was used for the initial cases and the ablation was performed
as per the manufacturer’s instructions (Boston Scientific
Corporation, Natick, MA). Figure 1 demonstrates a typical
example of an exophytic tumor treated in this study. Radiof-
requency cases were performed between 2/2001 and 6/2007.

Microwave ablation procedures were performed with two
different systems beginning in 7/2007. The initial system
involved a single or double antenna for the ablation with a
power of 45 watts (W) for 8—10 min using a 915-Hz micro-
wave generator (NeuWave System, Ethicon, Raritan, NJ) as
per established recommendations. Subsequent microwave
ablations were performed with the 2.45 GHz, 13 G micro-
wave antenna (Emprint SX, Medtronic, Boulder, CO). The
generator is set between 50 and 100 watts (W) and treat-
ment occurs for 5-10 min based on the projected size of the

Fig.1 Example of laparoscopic-assisted ablation on an exophytic
tumor. The star shows the exophytic HCC tumor. The arrow points
to the thermal ablation antenna, which is inserted at the base of the
exophytic tumor
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ablation zone. Ideal ablations create a 0.5—1.0 cm margin of
treated tissue around the tumor.

The standard follow-up schedule includes an initial study
at one month post treatment, then every three months for
two years, and then every six months in year three, followed
by yearly studies. Follow-up duration was calculated from
date of thermal ablation to date of most recent abdominal
imagining (CT and/or MRI). Records were reviewed up to
36 months post ablation.

Post-ablation medical records and imaging were reviewed
for each patient to assess for complete ablation, local recur-
rence, and dissemination of HCC to extrahepatic sites. Com-
plete ablation was defined as radiographic evidence (CT and/
or MRI) of hepatic necrosis at the ablation site without evi-
dence of persistent tumor within the first three months after
ablation [18]. Incomplete ablation is defined as viable tumor
present in any portion of the treated lesion on post-ablation
imaging within 12 months of the ablation [19]. Abdominal
dissemination of HCC was defined as radiographic evidence
of HCC within the peritoneal cavity during the follow-up
period [20].

Statistical analyses were performed with Stata 14 (Stata
Corporation, College Station, TX). Chi X2, Fisher exact
tests, and risk ratios were used to evaluate categorical vari-
ables when appropriate. Levene’s tests were run for primary
and subgroup analyses when appropriate. Shapiro—Wilk tests
were used to test for normality. Welch’s z-tests were used
to evaluate continuous variables when appropriate. Multi-
variable logistic regressions were used to determine influ-
ence of year of ablation, diameter of lesion, and segmental
location of tumor on dissemination and incomplete ablation
events. All p values were two-tailed and p values < 0.05 are
considered significant. We reported cumulative incidence
as percentages with 95% confidence intervals. Data were
analyzed from March to July 2021.

Results

We reviewed 663 ablation records from 451 unique patients.
Each record corresponded to a single procedure during
which an average of 1.24 tumors were ablated. Of these
records, 89 used an approach other than laparoscopic-
assisted and were excluded leaving 574 records. Of these,
an additional 56 complete records could not be located via
the EMR and were excluded. Of the 519 remaining records,
6 tumors were identified on preoperative imagining but
either were not located intraoperatively or could not be
safely ablated, leaving 512 records for analysis. 186 records
were excluded because follow-up imaging was less than
12 months from the date of the ablation (Fig. 2). Among
the remaining 326 records, demographic data and MELD
scores were available for all patients, as well as the size and

number of lesions for all tumors. The included records span
from 2/2001 to 6/2020.

There are no significant differences in demographic base-
line characteristics between patients in the exophytic group
compared to those in the non-exophytic group (Table 1).
The preoperative MELD score was 10 in the exophytic
group and 10 in the non-exophytic group (p=0.90 95% CI
— 0.95 to 1.09), lesion diameter was 2.68 cm in exophytic
vs 2.47 c¢cm in non-exophytic (p =0.07 95% CI — 0.02 to
0.43), and the number of lesions ablated per case was 1.27
vs 1.20 (p=0.32, 95% CI — 0.06 to 0.19) (Table 2). There
were statistically significant differences between underly-
ing causes of liver disease (p=0.048) (Table 1) and TNM
staging (p=0.03) (Table 2) between exophytic and non-
exophytic groups.

The 326 ablation events included in the original analysis
were performed on 285 unique patients. We performed a
sub-analysis limited to one ablation record from each of the
285 unique patients, and this shows no significant differ-
ences in TNM staging, underlying cause of liver disease, or
rates of incomplete ablation between the exophytic and non-
exophytic groups. The mean number of lesions ablated per
case was 1.29 for the exophytic group and 1.21 for the non-
exophytic group (p=0.24; 95% CI — 0.05-0.21) (Table 3).
Eliminating the inclusion of duplicate patients reduces the
probability of overweighting certain demographic features
in this study.

The number of events of intra-abdominal dissemination
of HCC tumors post ablation is very low, 1.5% (n=1) in
the exophytic group and 1.7% (n=4) in the non-exophytic
group. Fisher’s exact test showed no significant difference
in dissemination between the two groups (p = >0.99) with
a risk ratio of 0.66 (95% CI 0.07-5.79) (Table 4). There are
fewer incomplete ablations in the exophytic group (n=23)
compared to the non-exophytic groups (n=24) (3.3% vs
10.2%, respectively; p=0.045) (Table 5).

Subgroup analysis of the method of ablation (RFA vs
MWA) does not show any significant difference in the per-
centage of tumors that were exophytic vs non-exophytic
(p=0.43) (Table S1), and there is no difference in dissemi-
nation rates based on the ablation method used in the pro-
cedure (p = >0.99) (Table 6). Similarly, there is no correla-
tion between diameter of lesion and dissemination (p =0.68,
95% CI -0.78-1.20) or year of ablation and dissemination
(p=0.49,95% CI -0.21-0.10) (Table 7).

Multivariable logistic regression analysis was used to
identify risk factors for incomplete ablation in this study.
Lesion diameter positively correlates with incomplete
ablations (p=0.04; 95% CI 0.03-0.89), while the year of
ablation does not correlate (p =0.45; 95% CI -0.05-0.11)
(Table 8). When analyzing for a pattern of incomplete abla-
tions, there is no significant temporal trend, but slight spikes
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663 Records

574 Records

> 89 not laparoscopic

55 records unavailable

518 Records

1 missing baseline imagining

512 Records

P> 6 aborted intraoperatively

326 Records

P 186 records with follow up <12 months

90 Exophytic tumors
ablated

236 Non-exophytic
tumors ablated

Fig.2 Flow of participants in study

surrounding the implementation of new ablation technolo-
gies (2001 for RFA and 2009 for MWA) are present (Figure
S1).

Throughout the study period, more ablations per year
occurred on lesions located in right-sided hepatic segments
(defined as segments V-VIII) compared to left-sided hepatic
segments (defined as segments I-IV). The percentage of
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right-sided hepatic lesions compared to left-sided hepatic
lesions was relatively constant throughout the study period
(Figure S2). Likewise, the segmental location of the first
lesion ablated per event does not show a significant differ-
ence over the study period (p=0.48) (Table S2). Lastly, the
size of the tumor did not correlate with the year of ablation
(p=0.13; 95% CI -0.03-0.01).
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Table 1 Baseline characteristics between exophytic and non-exo-

Table 3 Baseline characteristics between exophytic and non-exo-

phytic groups phytic groups within unique patient subgroup
Exophytic Non- p value Exophytic Non- p value
Exophytic Exophytic
(n=90) (n=236) (n=286) (n=199)

Age 59.6 (7.2) 60.5 (7.8) 0.35 Age 59.3(7.2) 59.9 (7.8) 0.53

Gender 0.67 Gender 0.55
Male 69 (76.7%) 174 (73.7%) Male 66 (76.7%) 146 (73.4%)

Female 21 (23.3%) 62 (26.3%) Female 20 (23.3%) 53 (26.6%)

Race 0.38 Race 0.29
Non-Hispanic White 65 (72.2%) 179 (75.8%) Non-Hispanic White 64 (74.4%) 151 (75.9%)
Non-Hispanic Black 13 (14.4%) 39 (16.5%) Non-Hispanic Black 13 (15.1%) 33 (16.6%)

Hispanic 6 (6.7%) 9 (3.8%) Hispanic 4 (4.7%) 9 (5.4%)
Asian/Pacific Islander 4 (4.4%) 6 (2.5%) Asian/Pacific Islander 3(3.5%) 4 (2.0%)
Native American 2 (2.2%) 1(0.4%) Native American 2 (2.3%) 0 (0.0%)
Other 0 (0.0%) 2 (0.8%) Other 0(0.0%) 2 (1.0%)
Etiology 0.048* Etiology 0.08
Hep C 32 (36.4%) 109 (45.8%) Hep C 31(36.0%) 92 (46.2%)
Hep C+EtOH 21 (23.9%) 45 (18.9%) Hep C+EtOH 21 (24.4%) 40 (20.1%)
NASH 18 (20.5%) 34 (14.3%) NASH 17 (19.8%) 25 (12.6%)
EtOH 15 (17.0%) 21 (8.8%) EtOH 15 (17.4%) 19 (9.5%)
Hep B 2 (2.3%) 11 (4.6%) Hep B 2(2.3%) 9 (4.5%)
Cryptogenic 0(0.0%) 9 (3.8%) Cryptogenic 0(0.0%) 6 (3.0%)
AIH 0 (0.0%) 52.1%) AIH 0 (0.0%) 4 (2.0%)
PBC 0 (0.0%) 2 (0.8%) PBC 0(0.0%) 2 (1.0%)
*Denotes statistical significance at a p <0.05 significance level MELD 10644 1064 0.37
. ol , , TNM Stage 0.06

All P values were obtained by Chi X, Fisher’s exact, or Welch’s t-test

where applicable. Numbers in parentheses equate to % or standard 1 54 (62.8%) 144 (72.4%)

deviation 2 29 (33.7%) 54 (27.1%)

3 3(3.5%) 1 (0.5%)
Diameter of Lesions 2.7 (1.0) 2.5(0.8) 0.37
Number of Lesions 1.20 (0.55) 1.29 (0.44) 0.24
MELD 10 (4.4) 10 (3.4) 0.37

Table 2 Baseline HCC characteristics of exophytic and non-exo-

*Denotes statistical significance at a p <0.05 significance level

phytic groups
Exophytic ~ Non-Exophytic  95% CI p value
(n=90) (n=236)
Diameter of  2.68 (0.95) 2.47 (0.79) —-0.02to 0127
Lesions 0.43
Number of 1.27 (0.54) 1.20 (0.44) —0.06 to 0.34%
Lesions 0.19
MELD 10 (4.39) 10 (3.51) —0.95to 0.90°%
1.09
TNM Stage 0.03**#
1 56 (62.2%) 171 (72.5%)
2 31 (34.4%) 64 (27.1%)
3 3(3.3%) 1 (0.4%)

*Denotes statistical significance at a p <0.05 significance level

"Welch’s t-test was used to compare Diameter of Lesions and MELD
score in the two cohorts

Fischer’s exact test was used to compare Number of Lesions and
TNM staging in the two cohorts

Numbers in parentheses equate to % or standard deviation

All P values were obtained by Chi X2, Fisher’s exact, or Welch’s t-test
where applicable. Numbers in parentheses equate to % or standard
deviation

Table 4 Dissemination in exophytic vs non-exophytic tumor ablations

Disseminated =~ No Risk Ratio p value'
Disease Dis-
(# of Cases) seminated
Disease
(# of Cases)
Exophytic 1 89 0.66 >0.99
(1.11%) (98.89%) (0.07-5.79)
Non- 4 232 1
Exophytic  (1.70%) (98.30%)

"Fisher’s exact test was used to compare observed dissemination
events in the two cohorts

Statistical significance was set at a p <0.05 significance level
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Table 5 Efficacy of primary ablation

Exophytic ~ Non-Exophytic ~ Total p value'
(n=90) (n=236) (n=326)
Complete 87 212 299 0.045*
(96.67%) (89.83%) (91.72%)
Incomplete 3 24 27
(3.33%) (10.17%) (8.28%)

"Fisher’s exact test was used to compare observed incomplete abla-
tion events in the two cohorts

*Denotes statistical significance at a p <0.05 significance level

Table 6 Energy source and disseminated HCC disease

Disseminated No Disseminated p Value'
Disease Disease

RFA 1 61 >0.99
(1.61%) (98.39%)

MWA 4 260
(1.52%) (98.48%)

"Fisher’s exact test was used to compare observed incomplete abla-
tion events in the two cohorts

Statistical significance was set at a significance level of p <0.05

Table 7 Results of a multiple regression analysis with dissemination
as the outcome variable

Regression  Standard Error 95% CI p value
Coefficient
Diameter of 0.21 0.50 —0.78 to 0.68
Lesions 1.20
Year of —0.06 0.08 —-0.21to 0.49
Ablation 0.10

Table 8 Results of a multiple regression analysis with incomplete
ablation as the outcome variable

Regression  Standard error  95% CI p value
coefficient
Diameter of  0.46 0.22 0.03-0.89  0.04*
Lesions
Year of 0.03 0.04 —0.05-0.11 0.42
Ablation

*Denotes statistical significance at a p <0.05 significance level 1

Discussion
The various modalities to treat HCC have expanded over

the past two decades and continue to evolve with the adop-
tion of new techniques and technologies that are safe and
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efficacious. Therapies include liver transplant, resection,
chemoembolization, radiotherapy, and thermal ablation.
The choice of which therapy to use is based on several fac-
tors, including tumor stage and location, as well as patient
comorbidities. For small, early-stage tumors, local ablation
methods such as thermal ablation are effective alternatives
to hepatic transplant or resection as they can successfully
eradicate the tumor without injuring the remaining liver.

Ablation can be accomplished either through a percutane-
ous-only or laparoscopic-assisted approach with similar out-
comes from either modality [21]. A major advantage of lapa-
roscopy is the ability to ablate tumors that cannot be safely
treated by a percutaneous approach (e.g., superior—posterior
tumors or those near perihepatic viscera), allowing for abla-
tion of more tumors. Exophytic tumors are common, with
the frequency of these tumors ranging from 16 to 52% of all
HCC tumors in previous studies [22]. Traditionally, ablation
of exophytic and subcapsular tumors have been considered
contraindications to thermal ablation because of the reported
increased risk of tumor seeding, tumor recurrence, and
incomplete ablation [14, 15]. Several early studies reported
rates of tumor seeding of 2.7% to 12.5% [15, 23, 24] after
percutaneous ablation, with exophytic lesions being a major
risk factor for intra-abdominal spread [25, 26]. Given this
reported risk, many societal guidelines, including the 2012
EASL Clinical Practice Guidelines for HCC, stated the use
of thermal ablation be avoided in exophytic tumors[27].
Equipment and technical advances (e.g., coagulation of the
needle tract, etc.), have led to a decrease in reported tumor
seeding events leading to a change in the EASL guidelines
between 2012 and 2018 suggesting that percutaneous ther-
mal ablation could be considered for exophytic tumors in
experienced centers [7]. Two small studies reported an
overall seeding rate of <2% secondary to percutaneous abla-
tions [18, 28]. Other studies show no significant difference
in outcomes when comparing ablation of subcapsular with
intraparenchymal tumors [25, 29].

This single-center large cohort study demonstrates no
increased risk of intra-abdominal dissemination of HCC
in small exophytic HCC tumors treated with laparoscopic-
assisted thermal ablation. While overall rates of incomplete
ablations in the current study are comparable to previous
studies [28, 30, 31], in this study, we report a three times
more likely risk of incomplete ablation of non-exophytic
lesions versus exophytic lesions. We believe this is because
the exophytic lesions are more clearly identified using a
combination of direct visualization with simultaneous ultra-
sound and it allows the surgeon to see visual changes on
the surface of the treated lesion. For those lesions that are
non-exophytic, the surgeon is wholly dependent on initial
targeting with ultrasound and there is no real-time confirma-
tion of the tissue that has been treated.
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This study covers two distinct periods based on the abla-
tion technology used (RFA from 2001 to 2007 and MWA
from 2008 to 2021). At the introduction of each ablation
technology, there was a small, not statistically significant,
spike in incomplete ablations suggesting operator expertise
plays a minor role. A risk factor for incomplete ablations
noted in this study is lesion diameter, with increasing tumor
size correlating with increased risk of incomplete ablation,
this is consistent with previous studies [30, 32, 33]

While tumor location did not vary significantly over the
study period, there were more lesions ablated in segments
VI-VIIIL. Throughout the course of the study, the surgical
team used an in-line approach with the ultrasound to guide
targeting. Two augmented navigation technologies were tri-
aled throughout the years and these innovations allow the
surgeon to take an out-of-plane approach to treat the tumor.
These findings support an increased use of laparoscopic-
assisted thermal ablation for eligible exophytic tumors in
patients who are not candidates for hepatic resection or liver
transplant.

There are several limitations in the current study. The
study period spans > 15 years, so it reflects several tech-
nological changes, which could have an impact on overall
results. Additionally, a subset of patients did not have sur-
veillance imaging beyond six months after their ablation
either because they underwent liver transplantation, died
secondary to other causes, or they were lost to follow-up. We
believe it is unlikely that any of them died secondary to dis-
seminated disease as these patients would have been referred
to our center by the medical providers in the community.
As these procedures were done at a single center by one
surgeon experienced in minimally invasive hepatic surgery,
this potentially limits the generalizability of this approach as
ablation of exophytic HCC tumors by less experienced sur-
geons might carry an increased risk of intrabdominal HCC
dissemination.

Conclusion

Laparoscopic-assisted thermal ablation is an effective
therapy to eradicate early-stage HCC tumors with less
morbidity than liver resection and has the added ben-
efit of accessing difficult tumors that are not amenable
to percutaneous-only approaches. This study supports
laparoscopic-assisted thermal ablation as a safe and effi-
cacious treatment for non-exophytic as well as exophytic
tumors, thereby expanding the number of tumors that can
be treated by minimally invasive methods.
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