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Abstract

The aim of the present study was to identify predictors of outcome and complications in patients with small hepatocellular
carcinoma (HCC) treated by percutaneous microwave ablation (MWA). Patients with non-previously treated small (<3 cm)
HCCs who underwent ultrasound (US)-guided percutaneous MWA between July 2016 and January 2019 were included. For
each patient, the following variables were registered: age, sex, albumin, platelet count, INR/PT, PTT ratio, total bilirubin,
liver status, etiology of liver disease, Child—Pugh classification, tumor dimension, margin, and hepatic segment, tumor
subcapsular, perihilar or perivascular location, HCC focality, ascites. During follow-up, complications and outcomes were
registered. Variables were then analyzed in relation to both outcomes and complications. 74 patients were included. Mean
CT follow-up was 6.2 months (range 1-24 months). At least one complication occurred in 48% of patients, the majority being
asymptomatic imaging findings not requiring intervention. One major complication was registered (duodenal perforation:
1.3%). The occurrence of complications was associated with HCC multifocality and abnormal INR/PT, duodenal wall edema
with tumor dimension, portal vein thrombosis with Child Pugh score, perihepatic free fluid with abnormal platelet count and
comorbidities. Incomplete response rate at 1 month was 18.9%. Local tumor progression and new HCC nodules rates were
13.5% and 27%, respectively. Incomplete response at 1 month was associated with both alcoholic etiology of liver disease
and II segment tumor location, new HCC nodules with PBC. Despite the small series analyzed, significant factors related
with complications and outcomes may be kept in mind when planning the best treatment for each patient.
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Introduction

Liver cancer is the second most common cause of cancer
death worldwide [1].

Hepatocellular carcinoma (HCC) is the most predominant
histological type and accounts for > 85% of all primary liver
cancers [1].
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The optimal curative therapy for patients with HCC is
surgical resection or liver transplantation [2].

However, these therapies are often not feasible due to
severe impairment of hepatic functional reserve, bilobar dis-
tribution of the tumors, extra-hepatic metastasis, involve-
ment of the portal vein or liver donor paucity. Only 9-27%
of patients with HCC have been reported to be eligible for
surgical resection [2].

For this reason, various local ablative therapies, such as
ethanol ablation, radiofrequency ablation (RFA) and micro-
wave ablation (MWA), have been developed as an alternative
to resection or liver transplantation [3].

These treatments play an important role as nonsurgical
options that can achieve high local cure rates without signifi-
cant reduction of the background liver function [4].

Percutaneous RFA has been proved to be more effective
in terms of local cure when compared to ethanol injection
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[5]; moreover, survival outcomes for patients who achieved
a complete response by RFA are comparable to that among
patients treated by hepatic resection [6, 7]. RFA is now gen-
erally accepted as a curative treatment for very early or early
stage HCC as defined by the Barcelona Clinic Liver Cancer
(BCLC) treatment strategy [8].

MWA has shown to have several advantages when com-
pared to other ablative modalities [9].

Microwaves radiate through all biological tissues, includ-
ing charred, desiccated and high electrical impedance tis-
sues, like the ones produced by ablation itself. These tech-
nical features permit to reduce procedure times, to achieve
high temperatures in the target tumor obtaining larger vol-
umes of cellular necrosis, and to be more efficient on lesions
with cystic components, with a reduction in the heat-sink
effect, and less intra-procedural pain [10, 11]. The MWA
ablation zone has been considered less susceptible to the
heat-sink effect when compared to RFA, as shown in ani-
mal models and clinical studies, especially for primary liver
tumors [12—14]; however, this was not confirmed by other
studies analyzing outcomes after MWA treatment of liver
metastases [15, 16]. The use of MWA has spread in the last
years and it’s being now commonly used by many institu-
tions for the treatment of various neoplasms, including HCC.

Regardless of the treatment modality, HCC is a disease
characterized by the burden of high recurrence rates.

Many studies have been performed on recurrence and
complication rates after surgical resection, RFA or MWA of
HCC [3, 4]. Some authors have searched for risk factors for
complications and predictors of outcome after percutaneous
thermal ablation of HCC, with the majority of the reports
focusing on RFA [4, 17-20]. A smaller number of studies
have focused on finding significant associations between
various patient and/or tumor factors and safety or outcome
in the treatment of small HCC by MWA [21, 22].

We carried out an analysis of patients and nodule charac-
teristics that may be related with outcomes.

The aim of this study is to identify predictors of effective-
ness and risk factors for complications in patients affected by
small HCC nodules that were treated in our institution with
percutaneous US-guided MWA.

Materials and methods
Population and tumor data

This retrospective study was conducted with the approval of
our Internal Review Board.

Data regarding patients with > 1 non-previously treated
HCC nodule measuring up to 3 cm in maximum diam-
eter who underwent percutaneous US-guided MWA of at
our institution between July 2016 and January 2019 were
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collected. For this study, only 1 treated nodule per patient
was analyzed. Eligible patients were at least 18 years of age
with liver primary disease only. Patients whose preoperative
CT or MRI exams could not be reviewed were excluded.
We also excluded patients with nodules measuring >3 cm
or patients who already underwent surgical resection, trans-
arterial chemoembolization or thermal ablation of the lesion
that we treated with percutaneous US-guided MWA. For
each patient, the following data were registered: age, sex,
pre-procedural serum albumin (normal > 3.4 g/dl, abnor-
mal < 3.4 g/dl), blood platelet count (normal > 100,000/ul
of blood, abnormal < 100,000/ul), INR/PT value (normal
<1.3, abnormal > 1.3), PTT ratio (normal <1.2, abnormal
> 1.2), blood total bilirubin (normal < 1.2 mg/dl, abnormal
> 1.2 mg/dl), liver status (normal, hepatitis or cirrhosis),
etiology of liver disease (alcohol, HBV, HCV, autoim-
mune hepatitis, non-alcoholic steato-hepatitis and PBC),
Child-Pugh classification, comorbidities (none, diabetes,
COPD, ESRD, HF/IHD). Images from the last exam per-
formed before ablation, either computed tomography (CT)
or magnetic resonance imaging (MRI), were reviewed for
each patient, and the following data were registered: tumor
diameter, tumor margin type, tumor segment, subcapsular,
perihilar or perivascular tumor location, presence of ascites,
and tumor focality (unifocal, multifocal). Tumor margin was
defined irregular when an irregular contour involved > 50%
of the lesion circumference. Nodules were classified as sub-
capsular when located <1 cm from hepatic capsule, perihilar
when located < 1 cm from hepatic hilum, and perivascular if
located within 1 cm from a vessel measuring at least 2 mm.
Regarding tumor focality, HCC was considered unifocal
when the nodule that we treated was the only present within
the liver, while it was defined multifocal when the liver pre-
sented > 1 nodule besides the target one.

MWA procedure

Informed consent was obtained from all patients before
procedure.

An Anesthesiologist assisted the patient during the whole
ablation session. Moderate sedation was achieved in each
patient through intravenous injection of propofol, fentanyl
and midazolam. Vital parameters (heart rate, respiratory
rate, blood pressure), together with oxygen saturation and
electrocardiographic tracing, were continuously monitored
during the procedure.

All patients received an antibiotic prophylaxis according
to an “ultra-short-term” scheme that consists in pre-proce-
dural intravenous administration of 1 g cefazolin.

Lidocaine was injected to obtain local anesthesia in cor-
respondence of the entrance site of the antenna that was
positioned under US-guidance (Arietta V70, Hitachi Aloka
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Medical, Tokyo, Japan; Epic 7, Philips, The Best, Nether-
lands) in all cases.

The ablation system consisted of a microwave generator,
capable of producing a power of 100 W at 2450 MHz, con-
nected to a 13.5-gauge straight microwave antenna with a
2.8-cm radiating section by coaxial cable. Continuous perfu-
sion with saline solution at 60 ml/min and at room tempera-
ture was provided by the system along the proximal part of
the antenna to avoid any thermal damage.

Ablation power and time were decided according to data
given by the manufacturer and to operator’s preference. The
ablation field was assessed continuously by US during the
whole procedure.

Ablation power and time were registered for each patient.

Outcome and analysis of predictors of outcomes
and risk factors for complications

Each patient underwent a contrast-enhanced CT exam
1 month post-procedure to detect early complications and
to assess MWA efficacy. The latter depended on the occur-
rence of a complete or incomplete response.

Complete response was defined as the absence of any
enhancing tissue into or about the ablation field (Fig. 1),

while incomplete response occurred when a enhancing area
at the periphery of the ablative zone was seen (Fig. 2).

The images at 1 month were also compared to the pre-
procedural ones to assess the presence of a safe ablation vol-
ume margin, which occurred if the ablation volume resulted
at least > 5 mm wider than the original lesion, in all planes.

Following our Institutional follow-up protocol, our
patients underwent then a new contrast-enhanced CT exam
at 3 months after procedure, and every 3 months thereafter,
in order to detect late complications and the presence of
local tumor progression and/or new HCC nodules.

According to the Standardization of Terminology and
Reporting Criteria [18] local tumor progression was defined
as the appearance of tumor tissue at the edge of the ablation
zone after adequate intervention documented by contrast-
enhanced follow-up study performed >3 months after treat-
ment. A new HCC nodule was defined as appearance of a
lesion with HCC features in a different area from the treated
zone at least 3 months after intervention

Complications were classified according to CIRSE Qual-
ity Assurance Document and Standards for Classification of
Complications [23]. Major complications were defined as an
adverse event of grade >3 that required at least additional
post-procedure therapy or prolonged hospital stay (<48 h)

Fig.1 Computed tomography (CT) scans in a 56-year-old man with
a hepatocellular carcinoma (HCC) nodule 20 mm in diameter in seg-
ment 8 of the liver. Pretreatment contrast-enhanced CT scan shows
hyperattenuation of the nodule during arterial phase (a), rapid wash-

out in the venous (b) and hypoattenuation in the delayed phase (c).
At one month follow-up, CT shows uniform hypoattenuation in the
ablated area, which indicates complete ablation (d—f)
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Fig.2 Computed tomography (CT) scans in a 65-year-old man with
a 15 mm hepatocellular carcinoma (HCC) nodule in segment 2 of
the liver. Pretreatment contrast-enhanced CT scan shows hyperat-
tenuation of the nodule during arterial phase (a), isoattenuation in

with no post-procedure sequelae. Minor complications were
defined as an adverse event of grade 1-2 that required at
most a prolonged observation including overnight stay (as a
deviation from the normal post-therapeutic course <48 h),
with no additional post-procedure therapy, nor any sequelae.
Minor complications included any deviation from normality,
including asymptomatic radiological findings at follow-up.

Statistical analysis

The association of 20 variables with the occurrence of
complications during follow-up was investigated. These
included: age; sex; albumin; platelets; INR/PT; PTT ratio;
bilirubin; liver status; etiology of liver disease; Child—Pugh
classification; comorbidities; tumor diameter; tumor mar-
gin type; tumor segment; subcapsular location; perihilar
location; perivascular location; tumor focality; presence of
ascites; presence of >5 mm ablative margin at first follow-
up exam.

The significance of 12 variables as predictors of outcome
was then investigated. The variables were: age; sex; liver
status; etiology of liver disease; tumor diameter; tumor mar-
gin type; tumor segment; subcapsular location; perihilar
location; perivascular location; tumor focality; presence of
>5 mm ablative margin at first follow-up exam.
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the venous phase (b) and hypoattenuation in the delayed phase (c)
(arrow head). At 1 month follow-up, CT shows hypoattenuation in the
ablated area (arrow head) (d) with evidence of a residual enhancing
lesion denoting incomplete response (arrow) (d—f)

To evaluate categorical variables, contingency table,
Pearson Xz-test and Fisher’s Exact Test were used. To evalu-
ate ordinal or continuous variables, Mann—Whitney U test
was used.

SPSS v25.0.0 (IBM, Chicago, IL) was used for all sta-
tistical analyses. p values were considered significant when
<0.05.

Results
Patient and tumor-related factors

A total number of 74 patients with non-previously treated
small (<3 cm) HCCs underwent percutaneous US-guided
MWA at our institution between July 2016 and January
2019.

Age, sex, liver status, etiology of liver disease, Child
Pugh score and comorbidities of the population are reported
in Table 1. The majority of patients presented with a single
liver disease etiology (81%), while in 19% there were two
concurrent causes of liver disease.

Table 2 reports the distribution of the population on the
basis of normality or abnormality of the blood test values
registered before intervention.
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Table 1 Epidemiological data, liver-related features and comorbidi-
ties of the study population

Variable Results
Age, years

Mean 71.1

Range 28-88
Sex, n

Male 55

Female 19

M:F ratio 2.9
Liver status, n (%)

No chronic disease 3(4)

Hepatitis 4(54)

Cirrhosis 64 (90.5)
Etiology of liver disease?®, n (%)

Alcohol 15(17)

Autoimmune 1(1.1)

HBV 11 (12.5)

HCV 43 (48.8)
NASH 12 (13.6)
PBC 6(N
Child Pugh score, n (%)

A 58 (78.4)

B 15 (20.3)

C 1(1.3)
Comorbidities, n (%)

COPD 11 (14.8)

ESRD 34

Diabetes 16 (21.6)

HF/ITHD 5(6.7)

“n 14 patients (19%) two concurrent causes of liver disease were
found, and both etiology were registered separately, resulting in a
total of 88 causes. Percentages refer to the total number of 88

COPD chronic obstructive pulmonary disease, ESRD end-stage renal
disease, HBV hepatitis virus type B, HCV hepatitis virus type, HF/
IHD heart failure/ischemic heart disease, M:F ratio male-to-female
ratio, NASH non-alcoholic steato-hepatitis, PBC primary biliary cir-
rhosis

The diameter of the target HCC nodules, together with
their segment and location (subcapsular, perivascular,
perihilar) are reported by Table 3. Multiple nodules were
present in the liver at the time of the diagnosis in 22/74
cases (29.7%), while the target lesion was the only HCC
nodule in the remainder. Irregular margins were evident
in 15/74 cases (20.2%). MWA was carried out with a
power of 100 W in all cases, with a mean time of dura-
tion of 226 s (range 90-420 s).

Table 2 Population blood test

. ) Variable n (%)
values before intervention
Albumin
>3.4 g/dl 51 (69)
<34 g/dl 23 (31)
Platelet count
> 100,000 n/ul 44 (59.5)
< 100,000 n/ul 30 (40.5)
INR/PT
<13 60 (81.1)
>1.3 14 (18.9)
PTT ratio
<1.2 60 (81.1)
>1.2 14 (18.9)
Bilirubin
<1.2 mg/dl 51 (69)
> 1.2 mg/dl 51 (69)

INR/PT international normal-
ized ratio/prothrombin time,
PTT partial thromboplastin time

Table 3 Diameter, segment and
location of HCC target nodules

Variable

Diameter, mm

Mean 17.1
Range 7-30
Segment®, n (%)
S1 1(1.2)
S2 18 (21.9)
S3 6(7.3)
S4 8(9.8)
S5 9(11)
S6 14 (17)
S7 10 (12.3)
S8 16 (19.5)
Location, n (%)
Subcapsular 33 (47.2)
Perivascular 43 (58.1)
Perihilar 5(6.7)

%One nodule per patient in 74
patients was considered, but in
8 patients the lesion was located
between two different segments,
and both segments were indi-
vidually counted, resulting in a
total of 82 segments. Percent-
ages refer to the total number
of 82

Complications

Mean CT follow-up time was 6.2 months (range
1-24 months).
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During follow-up at least one complication occurred in
36/74 patients (48%), the vast majority being minor. Minor
complication rates were: asymptomatic perihepatic free fluid
in 15/74 (20.2%); biliary system dilatation in 8/74 (10.8%);
involvement of capsule by ablation volume in 8/74 cases
(10.8%), artero-venous fistula (AVF) in 7/74 cases (9.4%);
abdominal collection in 3/74 cases (4%); duodenal walls
edema in 2/74 cases (2.7%), hemoperitoneum in 1 case
(1.3%). One major complication occurred in one patient
(duodenal perforation: 1/74; rate: 1.3%).

Mann-Whitney U test showed a significant association
between duodenal wall edema and primary tumor diame-
ter (17.29+5.77 mm vs. 8.50+2.12 mm; mean + standard
deviation for uncomplicated vs. complicated); portal vein
thrombosis was significantly associated with Child Pugh
score (5.50£0.77 vs. 6.63 £0.92; mean + standard devia-
tion for uncomplicated vs. complicated). The box plots of
these results are illustrated in Fig. 3. Chi-square test showed
a significant association between: occurrence of perihepatic
free fluid after intervention and both pre-procedural abnor-
mal platelets count (p=0.01) and comorbidities (p =0.03);
the occurrence of complications of any kind during follow-
up with both HCC multifocality at the time of intervention
(»=0.02) and abnormal pre-procedural INR/PT (p =0.02).
Moreover, Fisher’s Exact Test showed a significant asso-
ciation between the occurrence of portal vein thrombosis
and both abnormal albumin (p =0.02) and abnormal platelet
count (p=0.03).

Outcome

Incomplete response was registered in 14/74 cases (18.9%)
at 1 month after procedure. Local tumor progression was
recorded in 10/74 cases (13.5%) during follow-up at a mean
time of 8.4 months after intervention (range 3—24 months).
New HCC nodules were recorded in 20/74 cases (27%);
the mean time to detect new tumors was 6.8 months (range
3-24 months).

HCC NODULE DIAMETER, mm 3>

NO YES
DUODENAL WALL EDEMA

Mann—Whitney U test didn’t show any significant asso-
ciation between variables and outcome.

Chi-square test showed a significant association between:
incomplete response at one month, and both alcoholic etiol-
ogy of liver disease (p=0.01) and II segment HCC nodule
location (p =0.007); the appearance of new HCC nodules
and primary biliary cirrhosis as etiology of liver disease
(p=0.02).

Chi-square test results for outcomes are illustrated in
Fig. 4.

Discussion

The aim of the present study was to identify risk factors
for the development of complications and predictors of out-
comes in patients with small non-previously treated HCC
nodules that underwent US-guided percutaneous MWA at
our institution.

Despite few data available about potential factors impli-
cated with outcome in patients with small HCC (<3 cm)
treated with MWA, many authors have tried to find a sig-
nificant association between a number of variables and the
outcome of patients with HCC treated with RFA. For exam-
ple, absence of a > 5 mm safe ablative margin and tumors of
large dimensions, with possible satellite nodules and micro-
scopic infiltration, resulted to be significantly related with
incomplete ablation; also, local tumor progression has been
significantly associated to periportal location of tumor and
patient age by some authors [24, 25].

In our population, we detected a local incomplete
response at one month in 18.9% cases (14/74). Our results
showed a significant association between incomplete
response at one month and alcoholic cirrhosis (p=0.01).
This could reflect a more progressed stage of HCC-related
pathological changes in the liver. As recently pointed out by
Ganne-Carrié and Nahon, because of impaired surveillance
and poor patient compliance, HCC is often detected late in

8 o
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Fig.3 Box plots derived from Mann—Whitney U test for complications. Mann—Whitney U test showed a significant association between: duode-
nal wall edema and primary tumor diameter (a); portal vein thrombosis and Child Pugh score (b)
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Fig.4 Bar charts derived from Chi-square test for outcome. Chi-
square test showed a significant association between: incomplete
response at 1 month and both alcoholic etiology of liver disease (a),

patients with chronic alcoholic liver disease, leading to a
more advanced and less responsive disease [26].

Also, a significant association was found between incom-
plete response at 1 month and II segment HCC nodule loca-
tion. The II segment presents major challenges for percu-
taneous treatment with thermal ablation. First, it’s located
just below the diaphragm, implying a greater degree of
movement caused by respiratory acts. In addition, in cases
in which the patient is positioned on his flank in order to
ensure a better ultrasound window, the angle of attack on the
lesion may be particularly sharp and the maneuver are less
easy to be practically performed by the operator. Lastly, the
proximity of this segment not only to the diaphragm but also
to other organs (like the stomach) might lead to favor safety
rather than a more aggressive ablation.

Local tumor progression was registered in 13.5% of our
patients, a result in line with previous publications [22], but
it wasn’t associated with any of the variables we analyzed.

The appearance of new HCC nodules at follow-up images,
in a distant site in respect to the ablation site, was recorded
in 27% patients (20/74). This rate is lower than others found
in literature [22], but this is probably due to the difference in
the mean follow-up time between studies. New distant HCC
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and II segment HCC nodule location (b); the appearance of new HCC
nodules and PBC as etiology of liver disease (c)

nodules were significantly associated with primary biliary
cirrhosis. As pointed out by Jones et al. [27], HCC has a high
incidence and is a rapid cause of death in male patients with
stage III or IV PBC. This could imply that in this narrow
cohort of patients a more aggressive treatment approach,
such as OLT, should be considered in an earlier stage.

Interestingly, we didn’t find any significant association
between outcome and subcapsular, perivascular or perihilar
location of the target nodule. An absence of significant cor-
relation between local tumor progression and subcapsular
location of target HCC nodule is in line with the results
reported by various authors, mostly for RFA [22, 28, 29],
and with our previous experience [30], even though a cor-
relation was reported in other studies [19, 31]. Zhang et al.
concluded that local tumor progression is more frequent if
lesions are in the proximity of major vessels [32] but other
studies denied this relationship [33].

Both MWA and RFA may be considered safe and mini-
mally invasive procedures, and are characterized by low
overall complications rates, ranging from 10 to 30%. Moreo-
ver, the major complications rate is low in both procedures
[21, 22, 34]. In this study, complications of any kind and
grade, occurred at least once in 36/74 patients (48%) during

@ Springer



39 Page8of9

Medical Oncology (2020) 37:39

follow-up. The complication rate we registered is relatively
higher compared to what reported by other authors, and this
is because we decided to consider as complications all cases
of deviations from normality, even asymptomatic radiologic
findings that could have been considered as paraphysiologi-
cal sequelae by other authors. Examples are events as perihe-
patic fluid collection (15/74 patients; 20.2%), the creation of
a non-hemodynamically significant AVF (7/74 cases; 9.4%),
and segmental biliary ducts dilation (8/74 patients; 10.8%),
which together represented a significant part of our total
complication group. The rates of events universally consid-
erable minor complications, which still didn’t require any
special treatment, were lower: abdominal collection was
registered in 3/74 cases (4%), duodenal walls edema in 2/74
cases (2.7%), and hemoperitoneum in 1 case (1.3%).

The occurrence of perihepatic free fluid after intervention
was significantly associated with pre-procedural abnormal
platelets count and with the presence of comorbidities of any
type, while duodenal wall edema was significantly associ-
ated with primary tumor diameter, and portal vein throm-
bosis was significantly associated with Child Pugh score.
Moreover, Fisher’s Exact Test showed a significant asso-
ciation between the occurrence of portal vein thrombosis
and abnormal values of albumin and platelet count before
procedure.

Abnormal platelets count and comorbidities are entities
that signify a worse hepatic function and a worse general
condition of a patient, factors that may lead to develop more
easily abdominal perihepatic free fluid after procedure, as a
sign of temporary worsening of liver function.

Even though there was a statistically significant associa-
tion between duodenal wall edema and primary tumor diam-
eter, it is our opinion that the rarity of this complication in
our population doesn’t leave safe space for any assumption.

Child Pugh score depends on the severity of cirrhosis, and
the association between cirrhosis and portal vein thrombosis
is well known. Cirrhotic patients having an odds ratio for
venous thromboembolism of 1.7 in a recent meta-analysis
[35], and the risk of developing portal vein thrombosis has
been related to the severity of liver disease [36]. This not
only explains the association of portal vein thrombosis to
Child Pugh score, but also to abnormal values of albumin
and platelets, which are an effect of a poor cirrhotic liver
function. Among our population, a single major complica-
tion (duodenal perforation) occurred during follow-up, cor-
responding to a rate of 1.3%, which is in line with literature.
No statistically significant association could be found for
this event, given its rarity, in this study. The occurrence of
complications of any kind and severity at least once during
follow-up was significantly associated with multifocality of
HCC liver disease at the time of intervention and abnor-
mal pre-procedural INR/PT. This association is under-
standable cause both multifocality of disease and abnormal
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coagulation tests derive from a more advanced disease,
which means a more compromised patient, in which any
complication is more likely to occur. This study was aimed
to investigate any significant association between several
variables and the occurrence of complications and the out-
come after intervention, but has several limitations including
its retrospective nature, the small population number, and
the follow-up, which may not be considered long. Moreo-
ver, no comparison was made with other treatments, like
RFA. Larger studies are required to confirm or contradict
our results. At the moment, we conclude that percutaneous
US-guided MWA is a safe and effective treatment procedure
in patients with small HCC nodules who are not suitable for
surgical resection. Among the variables analyzed, only few
significant associations were found in this study in relation
to post-procedural complications and outcomes, but they
may be kept in mind when planning the best treatment strat-
egy for the patient.
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