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Abstract

Objectives We aimed to compare the therapeutic outcomes of radiofrequency ablation (RFA) and microwave ablation (MWA) as

first-line therapies in patients with small single perivascular hepatocellular carcinoma (HCC).

Methods A total of 144 eligible patients with small (< 3 cm) single perivascular (proximity to hepatic and portal veins) HCC who

underwent RFA (V= "70) or MWA (N = 74) as first-line treatment were included. The overall survival (OS), disease-free survival

(DFS), and local tumor progression (LTP) rates between the two ablation modalities were compared. The inverse probability of

treatment weighting (IPTW) method was used to reduce selection bias. Subgroup analysis was performed according to the type of

hepatic vessels.

Results After a median follow-up time of 38.2 months, there were no significant differences in OS (5-year OS: RFA 77.7% vs.

MWA 74.6%; p = 0.600) and DFS (5-year DFS: RFA 24.7% vs. MWA 40.4%; p = 0.570). However, a significantly higher LTP

rate was observed in the RFA group than the MWA group (5-year LTP: RFA 24.3% vs. MWA 8.4%; p = 0.030). IPTW-adjusted

analyses revealed similar results. The treatment modality (RFA vs. MWA: HR 7.861, 95% CI 1.642-37.635, p = 0.010) was an

independent prognostic factor for LTP. We observed a significant interaction effect of ablation modality and type of peritumoral

vessel on LTP (p = 0.034). For patients with periportal HCC, the LTP rate was significantly higher in the RFA group than in the

MWA group (p = 0.045). However, this difference was not observed in patients with perivenous HCC (p = 0.116).

Conclusions In patients with a small single periportal HCC, MWA exhibited better tumor control than RFA.

Key Points

» Microwave ablation exhibited better local tumor control than radiofrequency ablation for small single periportal hepatocel-
lular carcinoma.

* There was a significant interaction between the treatment effect of ablation modality and type of peritumoral vessel on local
tumor progression.

* The type of peritumoral vessel is vital in choosing ablation modalities for hepatocellular carcinoma.
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Abbreviations

AFP Alpha-fetoprotein

ALB  Albumin

ALBI  Albumin-bilirubin

ALT  Alanine aminotransferase
AST  Aspartate aminotransferase
CTP Child-Turcotte-Pugh

DFS Disease-free survival

HCC  Hepatocellular carcinoma
IPTW  Inverse probability of treatment weighting
LTP Local tumor progression
MWA Microwave ablation

(0N Overall survival

PET Positron emission tomography
RFA  Radiofrequency ablation
SMD  Standard mean difference

SR Surgical resection
TBIL  Total bilirubin

Introduction

Surgical resection (SR), liver transplantation, and local-region
ablation have been recommended as first-line therapeutic options
for patients with early-stage hepatocellular carcinoma (HCC) [1,
2]. Of the various ablation modalities, radiofrequency ablation
(RFA) and microwave ablation (MWA) are frequently used as
alternative therapeutic options for unresectable HCC in China
[3-5]. In clinical practice, perivascular HCC was defined as a
tumor nodule abutting the first- or second-grade branches of
major vessels, including the hepatic and portal veins, with an
axial diameter larger than 3 mm and the shortest distance of less
than 5 mm [6, 7]. While several studies have reported on the
comparative survival benefits between RFA and MWA during
HCC treatment for patients fulfilling the Milan standard [6-8],
few studies have compared RFA and MWA therapeutic out-
comes for small (<3 cm) single perivascular HCC.

Topographical factors can impede the therapeutic effective-
ness of ablation therapy [9-11]. These factors include nodule-
abutting organs such as the gastrointestinal tract, diaphragm, or
major vessels. These organs are regarded as “challenging loca-
tions.” Technically, MWA relies on rapid heating and friction
between molecules in the tumor, which is superior to RFA owing
to the higher intratumoral temperature; the shorter operation time
duration, the more massive cell necrosis. It is less susceptible to
variations in the morphology of the ablative area resulting from
heat sink effects from the adjacent vessels [3, 12, 13]. Compared
with MWA, RFA treatment in perivascular HCC may result in a
cold zone easily due to the slow warming of the target area, and
heat dissipation result from rapid blood flow. Therefore, the local
tumor control exhibited by RFA in perivascular HCC patients
has not been well elucidated [14].

There is limited data on comparisons between RFA and
MWA as first-line therapeutic options in patients with small
single perivascular HCC. In this study, we compared the ef-
fectiveness and survival outcomes of these two ablation ther-
apies. Given the potential selection bias in treatment assign-
ment, we adopted the inverse probability of treatment
weighting (IPTW) based on the propensity to receive treat-
ment to reduce these bias [15].

Materials and methods
Study participants

As a retrospective multicenter study, ethical approvals were ob-
tained from the Research Ethics Committees of (Sun Yat-sen
University Cancer Center, the Chinese PLA General Hospital,
and the Fujian Provincial Hospital). A total of 1,783 treatment-
naive patients with biopsy-confirmed HCC which fulfilled the
Milan criteria and had received RFA or MWA as a first-line
treatment between October 2012 and December 2018 were
reviewed. The inclusion criteria were as follows: (i) a perfor-
mance status of 0 or 1; (ii) presenting with a small single
perivascular tumor (tumor size < 3 c¢m; perivascular peritumoral
vessel diameter > 3 mm); and (iii) availability of medical records
and imaging data. The exclusion criteria included the following:
(1) patients who had undergone other treatments before ablation
therapy; (ii) the presence of vascular invasion or extrahepatic
metastases; (iii) severe coagulopathy; and (iv) inability to follow
up. The reasons for conducting thermal ablation rather than SR in
these patients were as follows: (i) insufficient liver remnants; (ii)
psychological resistance to invasive treatment; (iii) refusal of
general anesthesia; and (iv) high risk for complications of resec-
tion associated with tumor location or old age.

Classification of perivascular HCC

In this study, perivascular HCC was defined as a tumor nodule
abutting the first- or second-grade branches of major vessels,
including the hepatic and portal veins, with an axial diameter
larger than 3 mm and the shortest distance of less than 5 mm
[6, 7]. Perivascular HCCs were reclassified by two independent
investigators (L.Z.L. and J.Z.). The baseline computer tomogra-
phy and magnetic resonance imaging data were reviewed. To
understand the spatial relationships between tumors and major
vessels, a 3D visualization ablation planning system was used to
segment the target area and generate a 3D image (Supplementary
Figure 1). If the target tumor abutted more than one vessel, the
largest vessel was selected for our study. Discordances between
the two investigators regarding classifications were solved by
inter-observer agreement analysis.
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Study variables

Demographic and clinicopathologic characteristics, including
age, sex, comorbidities, etiology, cirrhosis, albumin-bilirubin
(ALBI) grade, tumor size, hepatic segments, type of abutting
vessels, and results of routine laboratory test, were obtained
from medical records in the institutional database. The disease
markers analyzed in this study included alpha-fetoprotein
(AFP), aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), albumin (ALB), and total bilirubin (TBIL). Due
to its advantages, the ALBI grade, not the Child-Pugh class,
was the most important criterion for evaluating liver functions
in this study [16, 17]. The ALBI grade was calculated before
ablation therapy using the TBIL and ALB as follows: (log
TBIL [umol/L] x 0.66) + (ALB [g/L] x — 0.085). The ALBI
grade was classified as follows: grade 1 (< — 2.6), grade 2
(= 2.6 to — 1.39), and grade 3 (> — 1.39), respectively.

Follow-up protocol

The success of the technique was determined by the disappear-
ance of contrast enhancement within or abutting the ablation
zone on imaging examination one month after therapy [18].
Incomplete ablation after the second ablation treatment session
was defined as a technical failure. Patients with incomplete ab-
lation who underwent a repeat ablation treatment for tumor con-
trol were excluded from the outcome analysis. Routine contrast-
enhanced images and serum tumor markers were assessed at 1
and 3 months post-ablation therapy, with every 6 months
follow-up after that. In cases with suspected distant metastasis,
chest CT, whole-body bone scans, or positron emission tomog-
raphy (PET)-CT were performed selectively. The follow-up
medical records of RFA and MWA for perivascular tumors
are shown in Supplementary Figures 2 and 3. In cases where
tumor progression was detected during follow-up, individual-
ized salvage therapy was performed based on the characteristics
of the recurrent tumor, liver function levels, and the patient’s
general condition. The optimal ablative modalities for tumor
progression were determined by a multidisciplinary team.

Study outcomes

The resulting ablation parameters and survival outcomes be-
tween the two ablation groups were compared. The primary
endpoints were overall survival (OS), disease-free survival
(DFS), and local tumor progression (LTP). OS was calculated
from the date of initial treatment to the date of death due to any
cause. Patients were censored at the last follow-up date
(March 31, 2019) or the date lost to follow-up. DFS was mea-
sured from the initial treatment until tumor progression or
death. LTP was defined as developing new tumor mass in the
liver either around or within the ablation bed. Major complica-
tions were defined as events that caused substantive morbidities
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and disabilities that increased care levels or led to hospital ad-
mission, or substantially prolonged the hospital stay.

Statistical analysis

Continuous variables were presented as mean and standard de-
viation (SD), while classified variables were expressed in fre-
quencies and percentages. Continuous variables that fulfilled
the normality assumption were compared using Student’s ¢ test;
otherwise, the Wilcoxon rank-sum test was used. Classified
variables were analyzed using the chi-square test or Fisher’s
exact tests, where appropriate. Inter-observer concordance on
the classification of perivascular HCC was evaluated by
Cohen’s kappa statistics. Survival curves were estimated using
the Kaplan-Meier analysis with the log-rank test. Univariate
and multivariate step Cox regression models were performed
to identify prognostic factors associated with different end-
points. To explore the potential time-varying effect on treatment
modalities, we used flexible parametric models provided by R
package ‘rstpm2’ to model the baseline hazard flexibly. Given
the potential imbalances in treatment assignment, we performed
the inverse probability treatment weighting (IPTW) method to
reduce observed biases between groups. Treatment propensity
was calculated by logistic regression using a panel of potential
confounding factors that could have affected the original ther-
apeutic decisions. The standard mean difference (SMD) was
used to evaluate the covariate balance. An SMD of less than
0.1 was considered a sign of sufficient balance. All statistical
analyses were performed using R 3.6.3 and the SPSS 21.0.
Statistical significance was set at p < 0.05.

Results
Baseline characteristics

Figure 1 shows the baseline characteristics of the enrolled
study participants. A total of 144 patients with small sin-
gle perivascular HCC treated with RFA (n = 70) or MWA
(n = 74) as first-line therapy were enrolled in the study.
The median follow-up for the study population was 38.2
months (range, 3.2—-83.9 months). The median follow-up
for the RFA and MWA groups was 38.9 months (range,
3.4-83.9 months) and 37.6 months (range, 3.2-79.2
months), respectively. Patient characteristics in unweight-
ed and weighted cohorts stratified by ablation technique
are outlined in Table 1. Standardized mean differences in
the unweighted cohort showed that significant differences
were observed in cirrhosis, tumor size, alanine amino-
transferase, aspartate aminotransferase, total bilirubin,
and albumin. To distinguish the vessel types, the exami-
nation of all the images by two radiologists revealed a
final kappa value of 0.82 (95% CI: 0.72-0.96).
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Table 1 Baseline characteristics of the study cohort stratified by treatment modality
Variables Overall (n = 144) Unweighted Weighted

RFA (n=70) MWA (n=74) SMD RFA MWA SMD
Age (year), mean = SD 56.9 +10.8 574 +10.1 564 +11.5 -9.5 57.0 £ 10.0 569+114 - 1.1
Gender -9.0 -19
Female 19 (13.2) 6(8.6) 13 (17.6) 10.0 11.9
Male 125 (86.8) 64 (91.4) 61 (82.4) 90.0 88.1
Comorbidity 7.3 -15
Absence 81 (56.2) 42 (60.0) 39 (52.7) 61.3 62.8
Presence 63 (43.8) 28 (40.0) 35(47.3) 38.7 372
Etiology
HBV 111 (77.1) 54 (77.1) 57 (77.0) -0.1 79.7 74.1 -56
HCV 13 (9.0 4(5.7) 9(12.2) 6.5 7.1 8.8 1.8
Other 20 (13.9) 12 (17.1) 8 (10.8) -6.3 133 17.1 3.8
Cirrhosis 10.7 -3.3
Absence 25(17.4) 16 (22.9) 9(12.2) 17.0 20.3
Presence 119 (82.6) 54 (71.1) 65 (87.8) 83.0 79.7
Child-Turcotte-Pugh grade -29 -14
A 142 (98.6) 68 (97.1) 74 (100.0) 98.4 100.0
B 2(1.4) 229 0(0.0) 1.4 0.0
ALBI grade 2.9 -59
1 76 (52.8) 38 (54.3) 38 (51.4) 55.0 60.9
2-3 68 (47.2) 32.(45.7) 36 (48.6) 45.0 39.1
Tumor size (cm) 2.1£0.6 2.1+0.6 20+£0.5 -16.8 2.05+0.6 2.05+0.5 0.7
Tumor location
I 320 0(0.0) 34.1) 4.1 0.0 2.1 2.1
I 9 (62) 229 7(9.5) 6.6 33 59 2.6
I 320 1(1.4) 2(2.7) 1.3 1.5 1.9 0.4
v 14 (9.7) 7(10.0) 7(9.5) -05 10.6 16.0 54
v 19 (13.2) 10 (14.3) 9 (12.2) -2.1 16.4 11.9 -45
VI 24 (16.7) 13 (18.6) 11(14.9) -37 16.4 15.2 -12
Vil 30 (20.8) 15(21.4) 15 (20.3) -12 21.0 204 -0.6
Vil 42 (29.2) 22 (31.4) 20 (27.0) —44 30.8 26.6 —42
Peritumoral vessel -53 3.0
Portal vein 80 (55.6) 37 (52.9) 43 (58.1) 48.2 51.2
Hepatic vein 64 (44.4) 33 (47.1) 31(41.9) 51.8 48.8
AFP (ng/ml) 334.7+1179.1 276.2 +770.8 390.0 + 1468.2 -9.7 5113 +1189.5 397.6 +£1352.8 -9.1
ALT (U/L) 42.0+43.6 50.23 +56.5 343+239 -36.8 423 +44.8 38.8+258 -83
AST (U/L) 423 +£44.6 51.73+59.2 33.4+205 —41.5 41.7+£45.1 382£22.7 -8.1
TBIL (umol/L) 15.1 +£8.43 142+ 8.6 159+83 19.4 15.6+8.2 149+72 -9.6
ALB (g/L) 38.7+ 8.6 379+ 11.7 395+39 18.2 403 £12.8 40.1+39 -22
Image-guided method 3.9 3.1
CT 65 (45.1) 33 (47.1) 32 (43.2) 48.0 44.6
us 79 (54.9) 37 (52.9) 42 (56.8) 52.0 55.4
Ablation sessions 2.7 2.1
1 140 (97.2) 69 (98.6) 71 (95.9) 98.6 96.5
2 4(2.8) 1(14) 340 1.4 35

Unless otherwise noted, continuous variables are given as mean =+ standard deviation (SD), and categorical variables are given as No. (%) in overall and
unweighted cohort whereas they are given as % in weighted cohort. RFA, radiofrequency ablation; MWA, microwave ablation; SMD, standardized mean
difference; HBV, hepatitis B virus; AFP, «-fetoprotein; AL7, alanine aminotransferase; AS7, aspartate aminotransferase; 7BIL, total bilirubin; ALB,

albumin

Comparison of intra- and postoperative parameters

Table 2 shows the intra- and postoperative parameters. The
statistical difference regarding the success rates of the tech-
niques between the two treatment groups was not significant
(RFA: 97.1% vs. MWA: 100%, p = 0.235). Ablative duration
and power in the RFA group were significantly high com-
pared to those in the MWA group (both p < 0.001). The
differences in the postoperative hospitalization, cost, and

major complications between the two groups were not
significant.

Comparisons of oncological outcomes before and
after IPTW

As of March 31, 2019, 9 and 11 death events had been docu-

mented in the RFA and MWA treatment groups, respectively,
while 29 and 37 recurrence events had been documented in

@ Springer



4768

Eur Radiol (2021) 31:4764-4773

the two groups. For recurring HCC, 86.2% and 88.2% of the
patients in the RFA and MWA treatment groups were admin-
istered the same repeat ablation modality. There were no sig-
nificant differences between the two groups (p = 0.412). In the
crude Kaplan-Meier analyses, no significant differences were
observed with regard to OS (cumulative 5-year OS rates: RFA
77.7% vs MWA 74.6%; p = 0.600; Fig. 2a) and DFS (cumu-
lative 5-year DFS rates: RFA 24.7% vs MWA 40.4%; p =
0.570; Fig. 2b). A higher LTP rate was observed in the RFA
group (cumulative 5-year LTP rates: RFA 24.3% vs. MWA
8.4%; p = 0.030; Fig. 2¢) compared to the MWA group. The
baseline characteristics between the two groups were balanced
(all SMD < 0.1, Table 1). IPTW-adjusted Kaplan-Meier anal-
yses also showed that, except for LTP (p = 0.002, Fig. 2f),
there were no significant differences in OS (p = 0.944, Fig. 2d)
and DFS (p = 0.187, Fig. 2e) between the two groups.

Analysis of risk factors for OS and DFS

The results of univariate and multivariate Cox regression anal-
yses for OS and DFS are summarized in Table 3. It is shown
that OS was significantly affected by AFP levels (HR: 1.697;
95% CI: 1.226-5.461; p = 0.019) and ALBI grade (HR:
2.071; 95% CI: 1.891-5.410; p = 0.020). Tumor size (HR:
1.794; 95% CI: 1.015-3.169; p = 0.044) was the only inde-
pendent risk factor for DFS.

Analysis of risk factors for LTP

The results of univariate and multivariate step Cox regression
analyses for LTP are summarized in Table 4. It was revealed
that cirrhosis (HR: 0.284; 95% CI: 0.092-0.859; p = 0.028)
and treatment modalities (HR: 6.826; 95% CI: 1.393-28.365;

p =0.017) had a significant effect on LTP. Furthermore, gen-
der (HR: 0.148; 95% CI: 0.034-0.652; p = 0.012), cirrhosis
(HR: 0.248; 95% CI: 0.074-0.836; p = 0.025), and treatment
modalities (HR: 7.861; 95% CI: 1.642-37.635; p = 0.010)
were found to be independent prognostic factors for LTP.
Flexible parametric models indicated that the HR of LTP in
RFA was elevated compared to that in the MWA group, over
time until half a year after the initial procedure, with the haz-
ard keeping steady after that (Fig. 3).

Subgroup analysis for type of peritumoral vessel

There were no significant differences between the two abla-
tion therapies with regard to OS and DFS in both periportal
HCC and perivenous HCC (all p > 0.05, Table 5). However,
we observed a significant interaction effect between ablation
modality and type of peritumoral vessel on LTP (p for inter-
action: 0.034, Table 5). The LTP rate was significantly higher
in the RFA group than in the MWA group for patients with
periportal HCC (p = 0.045). However, this was not the case in
patients with perivenous HCC (p = 0.116).

Discussion

To the best of our knowledge, our study represents the first
study to compare the therapeutic outcomes of RFA and MWA
as first-line therapies in patients with small single perivascular
HCC. We found that OS and DFS outcomes between MWA
and RFA in patients with small perivascular HCC were com-
parable. However, better local tumor control was achieved for
the MWA group. MWA was an independent prognostic factor
for LTP in perivascular HCC patients. It was associated with a

1783 treatment-naive patients with HCCs met Milan criteria underwent percutaneous thermal

ablation from three hospitals between October 2012 and December 2018

[

RFA as first-line treatment (n=812)

408 sequential excluded
- 212 multiple nodules
- 196 tumor maximum

size > 3 cm

RFA for single HCC < 3 cm as first-line treatment (n=404)

334 sequential excluded

- 32 image data missing
- 65 loss follow-up

- 237 non-perivascular
HCC

RFA for single perivascular HCC< 3 cm as first-line
treatment (n=70)

Fig. 1 Flowchart for patient selection
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MWA as first-line treatment (n=971)

575 sequential excluded
- 278 multiple nodules
- 297 tumor maximum

size > 3 cm

MWA for single HCC < 3 cm as first-line treatment (n=396)

322 sequential excluded
- 36 image data missing
- 47 loss follow-up

- 239 non-perivascular
HCC

MWA for single perivascular HCC< 3 cm as first-line
treatment (n=74)
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Table 2 Intra- and post-ablation
parameters of patients undergoing

MWA and RFA

Parameter RFA (N=170) MWA (N =174) p value
Procedure duration (min) (mean + SD) 10.8 +£2.7 6.2+32 < 0.001
Ablative power (W) 132.8 +14.8 552+59 < 0.001
Postoperative hospitalization (day) (mean + SD) 44+1.1 43+1.5 0.598
Cost (yuan) (mean + SD) 34843.6 £4352.5 32827.8 £3673.8 0.245
Major complication 1/70 (1.4) 1/74 (1.4) 0.968
Technique effectiveness 68/70 (97.1) 74/74 (100) 0.235

Unless otherwise indicated, numbers in parentheses are percentages. RFA, radiofrequency ablation; MWA, mi-
crowave ablation; SD, standard deviation; LTP, local tumor progression

shorter procedural duration and exhibited a lower ablative
power compared to RFA. Therefore, MWA provides better
curative effects and is more efficient for small perivascular
HCC.

In this study, LTP risk was significantly higher in the first 6
months after the first-line therapy in the RFA group compared
to the MWA group. Generally speaking, early recurrence (< 2
years) is usually characterized as intrahepatic metastasis
resulting from incomplete ablation or tumor aggressiveness.
In comparison, late recurrence (> 2 years) is attributed to

staged progression or residual carcinoma in the situ in a liver
with cirrhosis [19-21]. Based on this evidence, high early
LTP rates observed after RFA first-line treatment could be
explained by the following reasons. Firstly, some microsatel-
lite nodules originating from perivascular HCC could not be
detected in pre-treatment imaging. As the temperature in-
creased slowly, part of the heat was removed by blood flow,
which interfered with the elimination of cold areas in tissues
containing microsatellite nodules adjacent to the major ves-
sels. Secondly, rapid heating and a higher intratumoral

a Treatment b Treatment C Treatment
- MWA - MWA > - MWA
_ RFA RFA = RFA
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'|_| — | 8
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3 @ 8
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= & 4 s}
g 3 S
> © ﬂ:
Cozs =0.600 3025 =0.570 g 025 =0.030
p=0. =) p=0. E] p=0.
T
©
0.00 0.00 8000
0 12 24 36 48 60 72 0 12 24 36 48 60 72 - 0 12 24 36 48 60 72
Primary Cohort Time in months Primary Cohort Time in months Primary Cohort Time in months
Number at risk Number at risk Number at risk
—l 74 56 35 24 10 8 2 —l 74 39 14 4 3 1 —l 74 55 33 22 9 7 2
70 57 31 19 10 6 1 70 39 21 13 6 1 2 70 50 27 16 8 6 1
d Treatment e Treatment f Treatment
1.00 e 1.00 e T 1.00 e
. e RFA : =1 RFA > RFA
[ — Y b
T A a
[ \
5075 2 0.75 c 0.75
> g gl
2 %) &
2 @ I
9 0.50 9 0.50 = ©0.50
= - <
ol - 0 o
[ 17} -
> © 5]
Oo.25 Bo2s £025
p=0.944 a p=0.187 3 p =0.002
T
©
o
0.00 0.00 So0.00
0 12 24 36 48 60 72 0 12 24 36 48 60 72 0 12 24 36 48 60 72

Time in months Time in months Weighted Cohort Time in months

Number at risk

Weighted Cohort

Number at risk

Weighted Cohort
Number at risk
- l Data are weighted population and no absolute number.

- l Data are weighted population and no absolute number. - l Data are weighted population and no absolute number.

survival (DFS). ¢ Crude local tumor progression probability (LTP). d
IPTW-adjusted OS. e IPTW-adjusted DFS. f IPTW-adjusted LTP

Fig. 2 Survival curves with log-rank test stratified by treatment modali-
ties with or without the inverse probability of treatment weighting
(IPTW) adjustment. a Crude overall survival (OS). b Crude disease-free
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Table 3

Prognostic factor analysis for overall survival and disease-free survival.

Variable

Overall survival

Disease-free survival

Univariate analysis

Multivariate analysis

Univariate analysis

Multivariate analysis

HR (95% CI) p value HR (95% CI) pvalue HR (95% CI) p value HR (95% CI) p value
Age (years), > 65 0.682(0.218,2.139) 0.512 - - 1.152(0.661,2.009) 0.618 — -
Gender, female 0.524 (0.151, 1.820) 0.309 — - 1.101 (0.502,2.414) 0.810 — -
Comorbidities, presence  1.696 (0.667,4.316) 0.267 - - 0.861(0.526,1.410) 0.553 - -
Etiology, others 0.682(0.218,2.139) 0.512 - - 0.923 (0.654,1.302) 0.646 — -
Cirrhosis, absence 0.404 (0.508,3.875) 0513 — - 1.424 (0.678,2.990) 0.351 — -
Tumor size (cm), 2-3 1.053(0.407,2.723) 0915 - - 1.404 (0.852,2.314) 0.183 1.794(1.015,3.169) 0.044
Abutting vessel, HV 0.647(0.248,1.686) 0373 — - 1.133(0.697,1.843) 0.615 — -
AFP (ng/mL), > 20 0.267 (0.892,5.759) 0.085 1.697(1.226,5.461) 0.019 0.382(0.046,1.578) 0.374 — -
ALB (g/L), > 35 0.659 (0.209,2.077) 0477 - - 0.313(0.060,2.077) 0.167 — -
TBIL (umol/L), > 17.1  2.829(1.119,7.148) 0.028 - - 1.387(0.811,2.372) 0232 - -
ALT (U/L), > 40 0.748 (0.266,2.104) 0.582 — - 2.155(0.477,9.417) 0539 — -
AST (U/L), > 40 1.113(0.218,2.139) 0.830 — - 1.151(0.223,5.397) 0.867 — -
CTP grade, B 3.136 (0.406,24.26) 0273 - - 3.136 (0.406,24.26) 0273 — -
ALBI grade, 2-3 3.600(1.178,11.01) 0.025 2.071(1.891,5.410) 0.020 0.412(0.080,2.128) 0.290 - -
Treatment modality, RFA  1.295(0.507,3.311) 0.589 — - 0.940 (0.467,1.890) 0.862 — -

A Cox proportional hazards regression model for overall survival and disease-free survival was used. All variables were included in a multivariate
stepwise Cox regression analysis. Only the variables with a p < 0.05 in the final model were presented. HR, hazard ratio; CI, confidence intervals; OS,
overall survival; DFS, disease-free survival; HBV, hepatitis B virus; HCV, hepatitis C virus; CTP, Child-Turcotte-Pugh; ALBI, albumin-bilirubin ;
AFP:x-fetoprotein; ALB: albumin; TBIL: total bilirubin; AS7, aspartate aminotransferase; AL7, alanine aminotransferase; PV, portal vein; HV, hepatic
vein; RFA, radiofrequency ablation

temperature associated with MWA may restrict blood supply
to tumor-bearing portal tributaries, thereby reducing the heat

Table 4 Prognostic factor

analysis for local tumor
progression

@ Springer

sink effect. Thirdly, incomplete ablation that is not detected on
immediate CT or MRI may occur and contribute to regrowth

Variable Univariate analysis Multivariate analysis
HR (95% CI) p value HR (95% CI) p value

Age (years), > 65 1.581 (0.487, 5.391) 0.446 - -
Gender, female 0.384(0.104, 1.424) 0.151 0.148 (0.034,0.652) 0.012
Comorbidities, presence 0.773 (0.252,2.961) 0.651 - -
Etiology, others 0.773 (0.252,2.961) 0.651 - -
Cirrhosis, absence 0.284 (0.092, 0.859) 0.028 0.248 (0.074,0.836) 0.025
Tumor size (cm), 2-3 1.175 (0.384,3.593) 0.777 - -
Abutting vessel, HV 1.313(0.439, 3.962) 0.626 - -
AFP (ng/mL), > 200 0.554 (0.123, 2.508) 0.443 - -
CTP grade, B 6.188 (0.798, 42.434) 0.081 - -
ALBI grade, 2-3 0.471 (0.145,1.530) 0.210 - -
Treatment modality, RFA 6.826 (1.393,28.365) 0.017 7.861 (1.642, 37.635) 0.010

A Cox proportional hazards regression model for overall survival and disease-free survival was used. All variables
were included in a multivariate stepwise Cox regression analysis. Only the variables with a p < 0.05 in the final
model were presented. HR, hazard ratio; CI, confidence intervals; OS, overall survival; DFS, disease-free survival;
HBV, hepatitis B virus; HCV, hepatitis C virus; CTP, Child-Turcotte-Pugh; ALBI, albumin-bilirubin; AFP: -
fetoprotein; ALB: albumin; 7BIL: total bilirubin; AS7, aspartate aminotransferase; ALT, alanine aminotransferase;
PV, portal vein; HV, hepatic vein; RFA, radiofrequency ablation
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Fig. 3 The estimated hazard of local tumor progression over time
between the two treatment modalities. The hazard over time was

estimated using the Royston Parmar model that uses a natural spline for
the transformed baseline for log (time) with a log-log link

of residual tumor following RFA, and this could manifest as
early LTP during follow-up.

While the technical characteristics of RFA and MWA are
quite similar, they exhibit several differences in their physical
mechanisms of thermogenesis [22—-24]. The significant differ-
ence is that during RFA, heat is confined to zones of high
current density, while during MWA,, it is generated in a fixed
space around the antenna applicator. The ablation of nodules
abutting the major vasculature is particularly challenging. To
safely and effectively complete this task, exploring the heat
sink effect in thermodynamic and electrical perspectives is
required. Blood flow causes differences in convection and
temperature as it transports heat from the tissue, which leads
to the occurrence of an incomplete thermal field range. The
heat sink effect is challenging when the ablative region is
restricted to perivascular tissue during ablation therapy [25,
26]. Under these circumstances, low energy density within the
ablative zone could not reach thermally toxic temperatures in

nodules adjacent to the cooling vasculature. Therefore, RFA is
not recommended for perivascular tumors because the syner-
gy of electrical and heating sinks significantly increases the
risk of insufficient ablation and local recurrence. In contrast,
MWA is unconstrained by tissue conductance and quick
heating and is, therefore, rarely affected by the defense of
surrounding tissues. As a result, the heat sink effect has less
influence on MWA treatment [27]. Bhardwaj et al histologi-
cally compared RFA, MWA, and cryoablation and found no
perivascular hepatocyte survival in MWA. Perivascular hepa-
tocyte survival was, however, observed within the ablated
volume for cryoablation and RFA [28]. Moreover, Lee S
et al reported that the prognosis of RFA for single, small
perivascular HCC (diameter < 3 cm) [29], as a first-line treat-
ment, was comparable to those of non-perivascular HCC.
Based on these findings, we examined a similar study cohort
comprising of patients with a perivascular HCC with a diam-
eter of < 3 cm.

Based on the type of vessels adjacent to the tumor,
perivascular HCCs are frequently classified into periportal
HCC and perivenous HCC groups. In our study, subgroup anal-
ysis for the type of peritumoral vessels indicated that LTP for
periportal HCC in the RFA group was significantly higher than
that in the MWA group. However, LTP differences in
perivenous HCC between the two ablation groups were not sig-
nificant. These results indicate a higher risk of LTP in periportal
than perivenous HCC after RFA, which may further affect sur-
vival outcomes. Our findings suggest that both RFA and MWA
can be used as primary treatment options for perivenous HCC,
whereas MWA is preferable for periportal HCC.

Although ablation therapy is effective in patients with HCC,
the selection of ablation modalities should be evidence-based
rather than clinician’s experience. However, few randomized
controlled trials (RCTs) have recommended the optimal ablative
option for patients with small perivascular HCCs. Our findings
provide useful information for interventional radiologists in
selecting the optimal ablative options for small perivascular
HCC. In this study, we only observed two biliary complications
after ablation. Both the RFA group and MWA group had one
patient suffering from Biloma after ablation. Several reasons

Table 5 Subgroup analysis

according to the abutting vessel Endpoint Abutting vessel type HR (95% CI) p value p value for
type interaction
(6N Periportal HCCs (N = 80) 0.787 (0.108-5.751) 0.814 0.930
Perivenous HCCs (N = 64) 1.216 (0.309-4.779) 0.780
DFS Periportal HCC (N = 80) 0.943 (0.458-1.941) 0.874 0.879
Perivenous HCCs (N = 64) 1.041 (0.509-2.129) 0912
LTP Periportal HCC (N = 80) 6.443 (1.046-39.69) 0.045 0.034
Perivenous HCCs (N = 64) 5.733 (0.650-50.59) 0.116

Interaction between the type of peritumoral hepatic vessel and treatment modalities was analyzed. OS, overall
survival; DFS, disease-free survival; LTP, local tumor progression; HCC, hepatocellular carcinoma; HR, hazard

ratio; CI, confidence intervals
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might account for the low incidence of biliary complications: (i)
the study population had relatively small tumor diameter (< 3
cm); (ii) physicians pay great attention to perivascular HCC in
ablation procedures; and (iii) physicians apply various methods
to reduce complications, such as percutaneous transhepatic
cholangial drainage with intraductal chilled saline perfusion.

Our study had several limitations. Firstly, potential selection
and indication bias are inevitable due to the retrospective nature
of the study design. Secondly, IPTW and multivariate analyses
were used to enhance intergroup comparisons, and unidentified
biases may have been beneficial for the MWA group. Thirdly,
application of assistive techniques, including 3D VAPS, multi-
modal image fusion guidance (MIFG), and artificial ascites or
pleural effusion, is essential in choosing ablation modalities.
These variables were not analyzed in this study due to the small
sample size. Lastly, the different guidance methods used, includ-
ing CT and US from multiple medical centers, may have led to
artificial discrepancies in ablation techniques.

In conclusion, MWA provides better local tumor control over
RFA as a first-line therapeutic option for small single periportal
HCC. Interventional radiologists should evaluate the type of ves-
sels adjacent to the tumor to balance the risk-benefit of ablation
treatment in a single, small HCC.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00330-020-07571-5.

Funding This work was supported by the National Scientific Foundation
Committee of China (Grants 81371652, 81627803, 81871374,
81971625, 91859201, 91859201); the National Scientific Foundation
Committee of Beijing (Grant JQ18021); Fostering Funds for National
Distinguished Young Scholar Science Fund and the National Clinical
Research Center for Geriatric Diseases of Chinese PLA General
Hospital (NCRCG-PLAGH-2019011); the National Key R&D Program
of Ministry of Science and Technology of China (Grant 2018ZX10723-
204); the National Key R&D Program of China (Grant No.
2017YFCO0112000); the State Key Project on Infectious Disease of
China (Grant No. 2018Z2X10723204); 5010 Project of Clinical
Research in Sun Yat-sen University (Grant Number 2016002); and
Science and Technology Program of Guangzhou, China (Grant Number
201704020134).

Compliance with ethical standards

Guarantor
Huang.

The scientific guarantor of this publication is Dr. Jin-Hua

Conflict of interest The authors of this manuscript declare no relation-
ships with any companies, whose products or services may be related to
the subject matter of the article.

Statistics and biometry
for this paper.

No complex statistical methods were necessary

Informed consent Written informed consent was waived by the
Institutional Review Board.

Ethical approval Institutional Review Board approval was obtained.

@ Springer

Methodology
* retrospective
* case-control study
» multicenter study

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article
are included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Heimbach JK, Kulik LM, Finn RS et al (2018) AASLD guidelines
for the treatment of hepatocellular carcinoma. Hepatology 67:358—
380
2. European Association for the Study of the Live (2018) EASL clin-
ical practice guidelines: management of hepatocellular carcinoma. J
Hepatol 69:182-236
3. Liang P, YuJ, Yu XL et al (2012) Percutaneous cooled-tip micro-
wave ablation under ultrasound guidance for primary liver cancer: a
multicentre analysis of 1363 treatment-naive lesions in 1007 pa-
tients in China. Gut 61:1100-1101
4. DuS, YangJZ, ChenJ, Zhou WG, Sun YY (2020) Comparisons of
recurrence-free survival and overall survival between microwave
versus radiofrequency ablation treatment for hepatocellular carci-
noma: a multiple centers retrospective cohort study with propensity
score matching. PLoS One 15:¢0227242
5. Xu Z, Xie H, Zhou L, Chen X, Zheng S (2019) The combination
strategy of transarterial chemoembolization and radiofrequency ab-
lation or microwave ablation against hepatocellular carcinoma.
Anal Cell Pathol (Amst) 2019:8619096
6. Kamal A, Elmoety AAA, Rostom YAM, Shater MS, Lashen SA
(2019) Percutaneous radiofrequency versus microwave ablation for
management of hepatocellular carcinoma: a randomized controlled
trial. J Gastrointest Oncol 10:562-571
7. Lewandowski RJ, Salem R (2018) Microwave or radiofrequency
ablation: clinically equivalent. Lancet Gastroenterol Hepatol 3:
291-292
8. LiuW, Zheng Y, He W et al (2018) Microwave vs radiofrequency
ablation for hepatocellular carcinoma within the Milan criteria: a
propensity score analysis. Aliment Pharmacol Ther 48:671-681
9. Kim JS, Kim W, So YH, Yu SJ, Kim BG (2014) Topographical
impact of hepatitis B-related hepatocellular carcinoma on local re-
currence after radiofrequency ablation. J Clin Gastroenterol 48:66—
72
10. Cha DI, Kang TW, Song KD et al (2019) Radiofrequency ablation
for subcardiac hepatocellular carcinoma: therapeutic outcomes and
risk factors for technical failure. Eur Radiol 29:2706-2715
11.  Chen J, Peng K, Hu D et al (2018) Tumor location influences
oncologic outcomes of hepatocellular carcinoma patients undergo-
ing radiofrequency ablation. Cancers (Basel) 10(10):378
12. Izzo F, Granata V, Grassi R et al (2019) Radiofrequency ablation
and microwave ablation in liver tumors: an update. Oncologist 24:
€990-990e1005


https://doi.org/10.1007/s00330-020-07571-5
https://doi.org/

Eur Radiol (2021) 31:4764-4773

4773

13.

14.

15.

17.

19.

20.

Si MB, Yan PJ, Hao XY et al (2019) Efficacy and safety of radio-
frequency ablation versus minimally invasive liver surgery for
small hepatocellular carcinoma: a systematic review and meta-anal-
ysis. Surg Endosc 33:2419-2429

Kang TW, Lim HK, Cha DI (2018) Percutaneous ablation for
perivascular hepatocellular carcinoma: refining the current status
based on emerging evidence and future perspectives. World J
Gastroenterol 24:5331-5337

Sayon-Orea C, Moreno-Iribas C, Delfrade J et al (2020) Inverse-
probability weighting and multiple imputation for evaluating selec-
tion bias in the estimation of childhood obesity prevalence using
data from electronic health records. BMC Med Inform Decis Mak
2009)

Kao WY, Su CW, Chiou YY et al (2017) Hepatocellular carcino-
ma: nomograms based on the albumin-bilirubin grade to assess the
outcomes of radiofrequency ablation. Radiology 285:670—-680
NiJY, Fang ZT, An C et al (2019) Comparison of albumin-bilirubin
grade, platelet-albumin-bilirubin grade and Child-Turcotte-Pugh
class for prediction of survival in patients with large hepatocellular
carcinoma after transarterial chemoembolization combined with
microwave ablation. Int J Hyperthermia 36:841-853

Ahmed M, Solbiati L, Brace CL et al (2014) Image-guided tumor
ablation: standardization of terminology and reporting criteria—a
10-year update. Radiology 273:241-260

Yuan C, Wang Z, Gu D et al (2019) Prediction early recurrence of
hepatocellular carcinoma eligible for curative ablation using a
radiomics nomogram. Cancer Imaging 19(21)

Sparchez Z, Mocan T, Radu P et al (2018) Prognostic factors after
percutaneous radiofrequency ablation in the treatment of hepatocel-
lular carcinoma. Impact of Incomplete Ablation on Recurrence and
Overall Survival Rates. J Gastrointestin Liver Dis 27:399-407

21.

22.

23.

24.

25.

26.

217.

28.

29.

Kang TW, Lim HK, Cha DI (2017) Aggressive tumor recurrence
after radiofrequency ablation for hepatocellular carcinoma. Clin
Mol Hepatol 23:95-101

Liu D, Brace CL (2019) Evaluation of tissue deformation during
radiofrequency and microwave ablation procedures: Influence of
output energy delivery. Med Phys 46:4127-4134

Lopresto V, Pinto R, Farina L, Cavagnaro M (2017) Treatment
planning in microwave thermal ablation: clinical gaps and recent
research advances. Int J Hyperthermia 33:83-100

Shi X, Pan H, Ge H et al (2019) Subsequent cooling-circulation
after radiofrequency and microwave ablation avoids secondary in-
direct damage induced by residual thermal energy. Diagn Interv
Radiol 25:291-297

Andreano A, Huang Y, Meloni MF, Lee FT Jr, Brace C (2010)
Microwaves create larger ablations than radiofrequency when con-
trolled for power in ex vivo tissue. Med Phys 37:2967-2973
ITannuccilli JD, Dupuy DE (2013) How to set up a successful tumor
ablation practice. Tech Vasc Interv Radiol 16:201-208

Dou JP, Yu J, Yang XH et al (2017) Outcomes of microwave
ablation for hepatocellular carcinoma adjacent to large vessels: a
propensity score analysis. Oncotarget 8:28758-28768

Bhardwaj N, Strickland AD, Ahmad F, Dennison AR, Lloyd DM
(2010) Liver ablation techniques: a review. Surg Endosc 24:254—
265

Lee S, Kang TW, Cha DI et al (2018) Radiofrequency ablation vs.
surgery for perivascular hepatocellular carcinoma: propensity score
analyses of long-term outcomes. J Hepatol 69:70-78

Publisher's note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer



	Small...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Study participants
	Classification of perivascular HCC
	Study variables
	Follow-up protocol
	Study outcomes
	Statistical analysis

	Results
	Baseline characteristics
	Comparison of intra- and postoperative parameters
	Comparisons of oncological outcomes before and after IPTW
	Analysis of risk factors for OS and DFS
	Analysis of risk factors for LTP
	Subgroup analysis for type of peritumoral vessel

	Discussion
	References


