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Microwave ablation as a primary versus secondary treatment for
hepatocellular carcinoma

Philip Lee
Ajay Makkena PURPOSE
Mohamed Tantawi The Purpose of this study was to ana.llyze and compare the outcomes of percutaneous micr9wave
. ablation (MWA) when used as a primary vs. secondary treatment for hepatocellular carcinoma
Felipe Velasquez-Botero (HCO).
John R. Eisenbrey
METHODS
Colette M. Shaw

The clinical data of 192 patients with HCC treated with MWA between January 2012 and July 2021
were reviewed retrospectively, with 152 patients being treatment naive (primary treatment) vs.
40 who had residual or recurrent disease following previous trans-arterial chemoembolization or
trans-arterial radioembolization (secondary treatment). The primary outcomes were primary tech-
nical efficacy, 1- and 3-year local recurrence-free survival (RFS) and overall survival (OS), local recur-
rence rates, and adverse events. Pre- and post-intervention liver function tests were compared us-
ing a Wilcoxon signed rank test. Univariate and multivariate analyses were also performed, looking
at prognostic factors associated with OS and local RFS.

RESULTS

There was no significant difference in 1-year local RFS (primary 93.6% vs. secondary 93.7; P = 0.97)
and 3-year local RFS (primary 80.6% vs. secondary 86.5%; P = 0.37) rates. There was no significant
difference in 1-year OS (primary 82.4% vs. secondary 86.6%; P = 0.51) and 3-year OS (primary 68.3%
vs. secondary 77.4%; P = 0.25) between the two groups. The local recurrence rate (primary 9.8% vs.
secondary 14.6%; P = 0.37), primary technical efficacy (primary 96.2% vs. secondary 95%; P = 0.73),
and adverse events (primary 8.0% vs. secondary 11.6%; P = 0.45) were also similar between the two
groups.

CONCLUSION

Microwave ablation is safe and effective as a secondary treatment for patients with HCC in a clinical
salvage scenario and should be utilized more frequently.

KEYWORDS

Hepatocellular carcinoma, microwave ablation, primary treatment, secondary treatment, recurrent
HCC

he incidence of hepatocellular carcinoma (HCC) recurrence following surgical resection
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rial chemoembolization (TACE) vary by study
but range from 40% to 70%.%° The failure of
TACE or a patient being refractory to treat-
ment has been defined as the development
of untreatable progression of HCC despite
repeated embolizations.'®'? Guidelines from
international scientific societies recommend
switching to systemic therapy in certain pa-
tients.'3"

While first-line treatment failures are fre-
quently treated with LRT, there is no consen-
sus on when or how these LRTs should be
applied. Thermal ablation is an established
first-line treatment for small-sized HCCs;
however, data evaluating the efficacy of ab-
lation when used as salvage therapy is lack-
ing. Many studies have shown similar out-
comes between first-line RFA and microwave
ablation (MWA), especially with lesions of
less than 3 cm.’®"7 One meta-analysis looked
at five original studies comparing RFA and
MWA outcomes in 431 patients.' In a patient
population of very early- or early-stage HCC
[Barcelona Clinic Liver Cancer (BCLC)] (stage
0 or A), they found no differences in com-
plete ablation rates, recurrence-free survival
(RFS), overall survival (OS), or complication
rates. The average ablation time for MWA was
significantly shorter than for RFA."% In most
centers in the USA, MWA has replaced RFA for
treating HCC. The purpose of this study was
to compare treatment outcomes of MWA in
naive tumors with those with residual or re-
current disease following TACE or transarteri-
al radioembolization (TARE).

Methods

Patient population

This protocol was approved by the Institu-
tional Review Board of Thomas Jefferson Uni-
versity under protocol no: 21E-073 on Febru-
ary 17, 2021. The requirement for informed
consent was waived due to the retrospective
nature of the study. In this review, the clini-
cal data of 192 patients (mean age 66.8 + 8.5
years) with HCC treated with MWA between

* Recurrent or residual hepatocellular carci-
noma (HCC) following locoregional therapy
is still relatively common.

* There are currently no guidelines for the
treatment of residual tumors following lo-
coregional therapy.

* Microwave ablation appears safe and effec-
tive as a secondary treatment of HCC, with
similar local recurrence rates compared with
its use as a primary treatment.

January 2012 and July 2021 were reviewed
retrospectively.

Ablation was performed under general
anesthesia. Probe placement was performed
under ultrasound guidance, with second-
ary computed tomography (CT) utilized
in hard-to-visualize tumors, such as those
within the dome of the liver. The vast ma-
jority of cases involved the treatment of a
sole lesion, and no patient had more than
two tumors treated in any given session. The
standard of care was same-day discharge,
with some high-risk patients or those with
logistical challenges staying overnight. Of
the 192 patients, 152 were treatment naive
(primary treatment), and 40 had received
prior TACE or TARE (secondary treatment).
Within this patient population, a total of 231
HCC lesions were evaluated, of which, 188
were part of the primary treatment group,
and 43 were part of the secondary treatment
group. Additional relevant data obtained
from electronic medical records included
patient demographics, tumor characteristics,
primary treatment information, MWA treat-
ment parameters, pre- and post-interven-
tion cross-sectional imaging, and pre- and
post-intervention liver function tests.

Outcome measures

Treatment response was classified ac-
cording to the 2018 Liver Imaging Reporting
and Data System Treatment Response Algo-
rithm.?® All cases were reviewed at a multidis-
ciplinary liver-tumor board conference. Pri-
mary technical efficacy was defined as the
percentage of tumors that were reported
non-viable on initial 1- to 2-month follow-up
imaging. Residual disease was defined as a
viable tumor in the ablation cavity on the
first follow-up imaging on contrast-en-
hanced multiphase magnetic resonance im-
aging or CT. Local recurrence was described
as a tumor at or immediately adjacent to the
ablation cavity following a previously docu-
mented successful treatment. Local RFS was
calculated from the date of MWA to either
the date of recurrence, liver transplant, or the
date of the last imaging follow-up. The OS
rate was calculated from the date of MWA to
either the date of death or censorship at the
last follow-up. Adverse events were classified
based on criteria developed by the Society of
Interventional Radiology Standards of Prac-
tice Committee.?’

Statistical analysis

Demographic and clinical data of the pri-
mary and secondary treatment groups were
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compared. Local RFS and OS were compared
between the two groups, utilizing a Kaplan-
Meier survival analysis with a corresponding
log-rank test, with P < 0.05 considered sig-
nificant. Additionally, 1- and 3-year local RFS
and OS were calculated. The rates of local re-
currence, primary technical efficacy, and ma-
jorand minor adverse events were compared
using chi-squared tests. Pre- and post-inter-
vention liver function tests were compared
using a Wilcoxon signed rank test.

A univariate prognostic factor analysis
was performed for both local RFS and OS,
analyzing 18 variables. Independent-sam-
ple t-tests and chi-squared tests were used
for continuous and categorical variables,
respectively. All variables found to be signif-
icant in the univariate analysis were placed
into a binomial logistic regression model for
multivariate analysis. All statistical analyses
were performed using Statistics for Windows
(SPSS) v. 28 statistical software (IBM Corp., Ar-
monk, NY, USA).

Results

Patient demographics, tumorinformation,
and clinical characteristics are summarized in
Table 1. Example cases of a treatment-naive
tumor and secondary treatment are provid-
ed in Figures 1 and 2, respectively. The mean
follow-up time was 18.2 months (range:
0.3-98.6 months). In the secondary treat-
ment group, 28 lesions were previously treat-
ed with TACE, 12 with prior TARE, and three
with combination TACE/TARE. The BCLC class
and Easter Cooperative Oncology Group
(ECOG) performance status were significant-
ly different between the groups. Sixty-two
percent (117/188) of primary treatment pa-
tients were BCLC A vs. 42% (18/43) in the
secondary treatment group, 16% (30/188)
of primary treatment patients were BCLC B
vs. 14% (6/43) in the secondary treatment
group, 21% (39/188) of primary treatment
patients were BCLC C vs. 44% (19/43) in the
secondary treatment group, and 1% (2/188)
of primary treatment patients were BCLC D
vs. none in the secondary treatment group
(P =0.014). Seventy-eight percent (147/188)
of primary treatment patients were ECOG 0
vs. 56% (24/43) in the secondary treatment
group, 14% (27/188) of primary treatment
patients were ECOG 1 vs. 21% (9/43) in the
secondary treatment group, 6% (12/188)
of primary treatment patients were ECOG 2
vs. 23% (10/43) in the secondary treatment
group, and 1% (2/188) of primary treat-
ment patients were ECOG 3 vs. none in the
secondary treatment group (P = 0.003). The
likelihood of an overnight stay also signifi-
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cantly varied between the two groups, with
24% (42/175) of primary patients requiring at
least an overnight stay vs. 44% (16/36) of sec-
ondary patients (P = 0.012). Otherwise, the
groups were similarly matched across age,
gender, target tumor size, Child-Pugh score,
Model for End-Stage Liver Disease (MELD)
score, and baseline liver function tests.

Primary technical efficacy was achieved
in 96.8% (152/157) of patients in the primary
treatment group and in 95% (38/40) of pa-
tients in the secondary treatment group (P
= 0.58) (Table 2). It should be noted that all
MWA was performed on the same system by
two treating interventionalists, resulting in a

relatively standardized treatment approach.
Five of the seven total incomplete ablations
were successfully retreated with either MWA,
TACE, or TARE. One of the two remaining pa-
tients underwent a transplant shortly after-
ward, and the other was lost to follow-up. No
additional treatments for the study tumor
were provided until recurrence was detected
on cross-sectional imaging. The percentage
of patients in the primary (63/188: 34.0%)
and secondary groups (16/43: 37.0%) who
went on to liver transplant was equal (P =
0.71). The proportion of patients who de-
veloped progressive disease at other sites in
the liver was similar at 50% (62/125) in the

Table 1. Patient demographics and clinical characteristics. Continuous variables are reported
as mean * standard deviation, and categorical variables are reported as frequency (%)

Primary treatment Secondary Pvalue
(n=188) treatment (n = 43)

Sex
Male 143 (76%) 37 (86%) 015
Female 45 (24%) 6 (14%)
Age (years) 67.0+8.7 66.1+7.8 0.55
Tumor size (cm) 22+0.38 25 38 153 0.06
Child-Pugh class 0.32
A 102 (65%) 25 (64%) -
B 48 (31%) 14 (36%) -
C 7 (4%) 0 -
BCLC*
A 117 (62%) 18 (42%)
B 30 (16%) 6 (14%)
C 39 (21%) 19 (44%) 0014
D 2 (1%) 0
ECOG*
0 147 (78%) 24 (56%)
1 27 (14%) 9 (21%) 0,003
2 12 (6%) 10 (23%)
3 2 (1%) 0
Baseline labs
AFP (ng/mL) 69.8 + 241 77.1 239 0.86
TBili (mg/dL) 1.0+0.82 1.1+0.80 0.81
AST (U/L) 53.0+42.0 69.0 +87.0 0.10
ALT (U/L) 48.0+43.0 52.0 +69.0 0.61
Albumin (g/dL) 3.9+06 3.9+0.7 0.62
Platelets (x 10°/L) 143+78 143 + 87 0.99
MELD 104 £4.0 11.4+4.0 0.16
Length of stay*
Same-day discharge 133 (76%) 20 (56%) 0.012
Overnight stay 42 (24%) 16 (44%)
Liver transplant 63 (34%) 16 (37%) 0.71

*Denotes statistical significance. BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group;

AFP, alpha-fetoprotein; TBili, total bilirubin; AST, aspartate aminotransferase; ALT, alanine transaminase; MELD, Model

for End-Stage Liver Disease.

primary treatment group vs. 62% (16/26) in
the secondary treatment group (P = 0.42).
Although the proportion of patients who de-
veloped extra-hepatic metastasis was great-
er in the secondary treatment group [19%
(5/26)] compared with the primary treatment
group [7% (8/123)], the difference did not
reach statistical significance (P = 0.06).

There was no significant difference in OS
(P =10.36) or local RFS (P = 0.68) between the
two groups as measured by a Kaplan-Meier
survival analysis with corresponding log-
rank tests (Figure 3). A survival analysis was
performed using a sample size of 182/188 for
primary treatment and 41/43 for secondary
treatment after excluding cases with failed
primary technical efficacy. The 1-year lo-
cal RFS in the primary group was 93.6% vs.
93.75% in the secondary group (P = 0.97),
and the 3-year local RFS in the primary group
was 80.58% vs. 86.53% in the secondary
group (P=0.37).The 1-year OS in the primary
group was 82.39% vs. 86.65% in the second-
ary group (P =0.51), and the 3-year OS in the
primary group was 68.34% vs. 77.45% in the
secondary group (P =0.25) (Table 2). The me-
dian progression-free survival (PFS) for the
primary treatment group was 75.5 months
vs. 69.8 months for the secondary treatment
group [ratio of 1.08 with a 95% confidence
interval (Cl) of 0.40 to 2.9]. Similarly, the me-
dian OS for the primary treatment group was
95.4 months, while it was undefined in the
secondary treatment group.

The rate of adverse events was 8.0%
(15/188) in the primary treatment group
and 11.6% (5/43) in the secondary treat-
ment group (P = 0.45). Events were further
subdivided into major and minor adverse
events. The rate of major adverse events was
2.7% (5/188) in the primary treatment group
vs. 2.3% (1/43) in the secondary treatment
group (P = 0.88). The rate of minor adverse
events was 5.3% (10/188) in the primary
treatment group vs. 9.3% (4/43) in the sec-
ondary treatment group (P = 0.32) (Table 2).
Minor adverse events included pain, abdom-
inal wall hematoma, and biliary stricture,
all of which were managed conservatively.
Major adverse events included the forma-
tion of a hepatic abscess that required per-
cutaneous drainage, hepatorenal syndrome,
readmission to an outside hospital for fever
attributed to post-ablation syndrome, and
hepatic encephalopathy necessitating hospi-
tal admission, which was treated successfully
with medication. One ablation-related death
from sepsis occurred in the secondary treat-
ment group.

MWA as a primary vs. secondary treatment for HCC 361



Figure 1. Comparison of pre- and post-treatment imaging in a 78-year-old female with a history of hepatocellular carcinoma (HCC) in the context of cirrhosis due
to nonalcoholic steatohepatitis after microwave ablation of a segment 6/7 HCC. Pre-treatment computed tomography (CT) with (a) non-contrast, (b) arterial, and
(c) portal venous phases show a 3.7 cm segment 6/7 mass demonstrating early-phase arterial hyperenhancement, capsular appearance, and central washout
consistent with an Liver Imaging Reporting and Data System 5 HCC (yellow arrow). Post-treatment CT with (d) arterial and (e) portal venous phases demonstrates
no enhancement in the treatment cavity consistent with Liver Imaging Reporting and Data System Treatment Response non-viable (white arrow).

Figure 2. Comparison of pre- and post-treatment imaging in a 70-year-old male with a history of hepatocellular carcinoma (HCC) in the context of chronic hepatitis
B after microwave ablation of residual disease in segment 5 sixteen months after trans-arterial chemoembolization. Pre-treatment magnetic resonance imaging
(MRI) T1-weighted sequences with (a) non-contrast, (b) arterial, and (c) portal venous phases show a residual 3.5 cm nodular enhancing segment-5 lesion with
peripheral washout at the anterosuperior and left lateral borders of the treatment cavity consistent with Liver Imaging Reporting and Data System Treatment
Response viable (yellow arrow). Post-treatment MRI T1-weighted sequences with (d) non-contrast, (e) arterial, and (f) portal venous phases demonstrate a new
ablation cavity with no evidence of arterial phase hyperenhancement or washout consistent with LIRADS-TR non-viable (white arrow).
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The local recurrence rates were calculat-
ed after excluding cases with failed prima-
ry technical efficacy (6/188 for the primary
treatment group and 2/43 for the secondary
treatment group). The local recurrence rate
for the primary treatment group was 9.8%

(18/182) vs. 14.6% (6/41) for the secondary
treatment group (P = 0.37) (Table 2). The
mean follow-up time for the primary group
was 18.2 months (range: 0.3-98.6 months)
vs. 18.1 months (range: 0.6-89.0 months) in
the secondary group. Twelve recurrent le-

Table 2. Summary of outcomes in primary vs. secondary treatment groups

Primary outcomes Primary treatment Secondary P value
(n=188) treatment
(n=43)
1-year OS 82.4% 86.6% 0.51
3-year OS 68.3% 77.4% 0.25
1-year local RFS 93.6% 91.1%, 93.7% 0.97
3-year local RFS 80.6% 84.3%, 86.5% 0.37
Local recurrence rate 18 (9.8%) 6 (14.6%) 0.37
Primary technical efficacy 152 (96.8%) 38 (95%) 0.58
Adverse events 15 (8.0%) 5(11.6%) 0.45
Major adverse events 5(2.7%) 1(2.3%) 0.88
Minor adverse events 10 (5.3%) 4 (9.3%) 0.32
0S, overall survival; RFS, recurrence-free survival.
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Figure 3. (a) Overall survival curves and (b) local recurrence-free survival curves of patients with

hepatocellular carcinoma treated with primary vs. secondary microwave ablation.

sions were retreated with either TACE, TARE,
or MWA. The remainder of the patients were
treated with systemic therapy or radiation
therapy, or they were lost to follow-up.

Pre- and post-intervention tumor mark-
er and liver function tests were compared,
with alpha-fetoprotein (AFP) (P = < 0.001),
total bilirubin (TBili) (P = 0.043), and albumin
(P < 0.001) found to be significant (Table 3).
Age, Milan criteria, and ablation time were
all found to be associated with local RFS by
univariate analysis (Table 4). The Milan crite-
ria were an independent predictor of RFS by
multivariate analysis, with an odds ratio (OR)
of 0.11 (95% Cl: 0.018-0.730, P = 0.022). Ab-
lation time was an independent predictor of
RFS, with an OR of 1.44 (95% Cl: 1.053-1.994,
P =0.023).The Child-Pugh score, BCLC stage,
ECOG status, Milan criteria, AFP, TBili, albu-
min, platelets, international normalized ratio
(INR), MELD score, and length of hospital stay
were all found to be associated with OS by
univariate analysis (Table 5). The MELD score
was an independent predictor of OS by mul-
tivariate analysis, with an OR of 0.82 (95% Cl:
0.720-0.951, P = 0.008).

Discussion

In the present study, compared with the
primary treatment group, the secondary
treatment group had a slightly worse ECOG
performance status, presented at a more ad-
vanced BCLC stage, and had more patients
requiring at least an overnight stay post-in-
tervention. They were otherwise similarly
matched in terms of age, sex, target tumor
size, Child-Pugh score, MELD score, and liver
function tests. Despite having a worse base-
line ECOG performance status and a more ad-
vanced BCLC stage, we found no difference
in the 1- and 3-year local RFS and OS rates,
local recurrence rates, primary technical effi-

Table 3. Summary of Wilcoxon signed rank
test comparing pre- and post-intervention
tumor marker and liver function tests

Lab parameter P value
AFP* <0.001
TBili* 0.043
AST 0.182
ALT 0.082
Albumin* <0.001
INR 0.987
MELD 0.974

*Denotes statistical significance. AFP, alfa-fetoprotein;
TBili, total bilirubin; AST, aspartate aminotransferase;
ALT, alanine transaminase; INR, international
normalized ratio; MELD, Model for End-Stage Liver
Disease.
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cacy rates, or rate of adverse events between
patients with HCC treated with MWA as their
primary vs. secondary treatment. Across
Pvalue both treatment groups, these primary out-

Table 4. Univariate and multivariate prognostic factor analyses for local recurrence-free
survival

Tisies et Univariate analysis P Multivariate analysis odds

value ratio (95% Cl)
comes were also in line with what has been
Age (<65 vs. >65)* 0.04 2.839(0.847-9.515) 0.091 observed in other studies.’s'882° However, it
Sex 0.58 should be noted that overall follow-up was
Tumor size 0.16 limited, with a mean of 18.2 months (range:
Child-Pugh 0.95 0.3-98.6 months), which may have influ-
BCLC 047 enced the OS data.
ECOG 0.40 Comparing the baseline and post-abla-
Milan* 0.038 0.113 (0.018-0.730) 0.022 tion lab test results, we found that AFP, TBili,
e 0,40 and albumln.were significantly different be-
tween the primary and secondary treatment
A — groups’, instead of “Comparing the baseline
TBili 0.82 and post-ablation lab test results, we found
AST 0.06 that AFP, TBili, and albumin were significant-
ALT 007 ly different. However, the MELD score, which
. uses a composite of lab values to predict
Albumin 0.98 . .
short-term survival, was unchanged. This
Platelets 0.54 supports the idea that while there can be
INR 0.69 short-term fluctuations in liver function tests,
MELD 0.99 MWA is generally well tolerated, and there
T 027 vyas no evidence of any ?Cut? decompensa-
tion among the patients in this study.
Ablation time* 0.02 1.449 (1.053-1.994) 0.023
*Denotes statistical significance. BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; The univariate prognostic factor analysis
AFP, alpha-fetoprotein; TBili, total bilirubin; AST, aspartate aminotransferase; ALT, alanine transaminase; INR, found that age, Milan criteria, and ablation
international normalized ratio; MELD, Model for End-Stage Liver Disease; Cl, confidence interval. time were related to local RFS. In the mul-

tivariate analysis, the Milan criteria and ab-
lation time were independent predictors,

Table 5. Univariate and multivariate prognostic factor analyses for overall survival
indicating that the stage of the disease is an

Prognostic factor Univariate Multivariate analysis P value . . .
analysis P value odds ratio (95% Cl) important factor in patient outcomes. The
univariate prognostic factor analysis showed
Age 0.14 that the Child-Pugh score, BCLC stage, ECOG
Sex 085 status, AFP, TBili, albumin, platelets, INR,
Tumor size 0.48 MELD score, and length of hospital stay were
Child-Pugh* 0.015 1.336 (0.139-12.859) 0.816 all associated with OS. The MELD score was
BCLC* <0.001 0.769 (0.239-2.477) 0.554 found to be an independent prognostic fac-
- 0,001 Ay ——— 0930 tor in the multivariate analysis, which is un-
: : : : : surprising given that this clinical character-
Milan* 0.004 0.727 (0.092-5.735) 0.550 istic is known to be closely associated with

Ascites (yes/no) 0.72 prognosis.

AFP* 0.20 1.00 (0.999-1.001) 0.950 In this study, approximately 19% (43/231)
TBili* 0.004 1.229 (0.596-2.533) 0.664 of patients received MWA as a secondary
AST 052 treatment for residual or recurrent disease
ALT 014 following TACE or TARE. Of these, 72.1%
) (31/43) received TACE, with the remaining
Albumin* <0.001 1.229 (0.988-8.537) 0.053 receiving TARE or combination TACE/TARE
Platelets* 0.025 1.002 (0.995-1.008) 0.580 therapy. There is currently no consensus on
INR* 0.005 4.650 (0.224-96.466) 0.289 the optimal use of salvage therapy in such
MELD* <0.001 0.828 (0.720-0.951) 0.008 patients. However, TACE/TARE is generally fa-
Length of stay* <0.001 0.871(0.528-1437) 0589 vored in patients with large or invasive tum-
ors as well as in those with evidence of portal
GlalkiTen L vein invasion. MWA is usually preferred in pa-
Local recurrence 0.07 tients with smaller tumors in favorable loca-
Primary technical efficacy 0.06 tions away from major anatomical structures,
*Denotes statistical significance. BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; such as the dome of the liver, gallbladder, or
AFP, alpha-fetoprotein; TBili, total bilirubin; AST, aspartate aminotransferase; ALT, alanine transaminase; INR, biliary system."” The choice of therapy is also
international normalized ratio; MELD, Model for End-Stage Liver Disease; Cl, confidence interval. essentially operator and institution depend-
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ent. A recent study by Chen et al.* studied
patients with intermediate-stage HCC who
were refractory to TACE and compared the
OS and RFS of MWA vs. sorafenib as salvage
therapy. They found that the MWA group had
longer median OS and RFS compared with
those of the sorafenib group, suggesting that
ablation is a viable option for salvage thera-
py in such patients.*

Recent studies have evaluated the effica-
cy and safety of new systemic antineoplastic
therapies (atezolizumab/bevacizumab) com-
pared with conventional first-line treatment
with sorafenib in patients with unresectable
HCC, demonstrating significantly increased
OS and PFS rates.>'32 However, to our knowl-
edge, no studies have been conducted com-
paring the clinical outcomes and disease
prognosis associated with the use of local
ablative treatments and these newer chem-
otherapeutic agents in HCC.

In the cohort of patients with a small tu-
mor size (mean: 2.26 + 0.93 cm), mostly good
performance status (ECOG 0 and 1), and pri-
marily early- or intermediate-stage liver dis-
ease (BCLC A and B), MWA was equally effec-
tive in treating lesions that failed to respond
completely to TACE/TARE as it was in treating
naive lesions. We recognize that the popula-
tion sample size in the secondary treatment
group was small and may have contributed
to the statistically non-significant results of
the primary outcomes. The study group was
heterogeneous in terms of disease burden
and performance status at presentation. In
terms of care goals, treatment intent was
curative for some, downstaged to within the
Milan criteria for transplant for others, with
palliation for those who were not transplant
candidates. The analysis did not distinguish
between those who had residual disease
vs. those with recurrence or between those
treated primarily with TACE vs. TARE. While
this study showed MWA to be safe and tech-
nically effective in a salvage setting, future
studies should narrow the focus to include a
more specific patient population.

In conclusion, tumor recurrence and its
potential impact on survival remain a chal-
lenge in patients with HCC treated with
hepatectomy and LRTs. Data to guide sec-
ond-line treatments are very limited. In this
retrospective study on clinical experience
with MWA as a salvage therapy in patients
with residual/recurrent HCC, we showed that
despite more advanced tumor stages and
poorer performance status at presentation,
the survival outcomes and recurrence rates
were similar in patients with residual/recur-

rent HCC compared with those in patients
who received MWA as a first-line treatment.
When used as a second-line treatment, MWA
was technically effective and well tolerated.
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