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Abstract

Purpose: The aim of the study is to retrospectively
evaluate and compare the therapeutic response of
Radiofrequency (RF) and Microwave (MW) ablation
therapy of hepatocellular carcinoma (HCC).
Materials and Methods: 53 consecutive patients (42
males, 11 females; mean age 59 years, range: 40–68, SD:
4.2) underwent CT-guided percutaneous RF and MW
ablation of 68 HCC liver lesions. The morphologic
tumor response (number, location and size) was evalu-
ated by magnetic resonance imaging. The follow-up
protocol was 24 h post-ablation then within 3 monthly
intervals post-ablation in the first year and 6 monthly
intervals thereafter.
Results: Complete therapeutic response was noted in
84.4% (27/32) of lesions treated with RFA and in 88.9%
(32/36) of lesions treated with MW ablation (P = 0.6).
Complete response was achieved in all lesions £2.0 cm in
diameter in both groups. There was no significant
difference in rates of residual foci of HCC lesions between
RF and MW ablation groups (P = 0.15, Log-rank test).
Recurrence rate for 3, 6, 9, and 12 months in patients with
HCC who underwent RF ablation compared with MW
ablation were 6.3%, 3.1%, 3.1% versus 0%, 5.6%, 2.8%,
and 2.8%. Progression-Free Survival rates for treated
patients with RF ablation of 1, 2, and 3 years were 96.9%,

93.8%, and 90.6% and treated with MW ablation therapy
were 97.2%, 94.5%, and 91.7, respectively (P = 0.98).
Conclusion: In conclusion, RF andMWablation therapy
showed no significant difference in the treatment of HCC
regarding the complete response, rates of residual foci of
untreated disease, and recurrence rate.
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Hepatocellular carcinoma (HCC) is one of the most
common cancers worldwide. It shows a high association
with hepatitis viruses (HBV and HCV), consumption of
alcohol, afla toxin B1, and hepatic cirrhosis [1]. The
incidence of HCC has increased both because of a real
increase in the occurrence of the disease, and because
modern imaging techniques allow diagnosis at an earlier
stage of disease [2]. Surgical resection and liver trans-
plantation remain the most effective treatment strategies
for small and oligonodular (five or fewer intrahepatic
lesions) HCCs [3]. However, surgical resection is only
suitable for 9%–27% of patients with HCC because of
their poor hepatic reserve due to the underlying chronic
liver disease with significant portal hypertension and
abnormal bilirubin levels or multifocal distribution of
tumor nodules [3]. Various percutaneous, loco-regional
therapeutic modalities have been developed and tested
clinically over recent years for the treatment of HCC.
These include intratumoral injection of ethanol or acetic
acid and thermal ablation with Radiofrequency (RF),
microwaves (MW), laser, or cryosurgery [4–10]. Percutaneous
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ethanol injection (PEI), more frequently performed in
the past, is considered to be effective for the treatment of
relatively small-sized, encapsulated early-stage HCC and
therefore may achieve 5-year survival rates of 32%–47%.
The major limitation of PEI is the high local recurrence
rate that may reach up to 43% [4–10]. Transcatheter
arterial embolization is also an established treatment
modality for patients with HCC, and in some studies, it
has proven to be effective in reducing tumor volume and
increasing survival [4–10].

RF and MW ablation techniques have emerged as
alternative methods for percutaneous ablation and are
rapidly gaining importance worldwide as the percutane-
ous treatment of choice for patients with early-stage
tumors. The predictability of the ablation area is one of the
major advantages of the image-guided ablation tech-
niques. The other advantage of the ablation therapies may
include the ability to deposit, in a minimally invasive way,
a precise amount of energy in a well-defined region. The
aim of current study was the retrospective comparative
evaluation of RF and MW ablation therapeutic effects in
treating patients with hepatocellular carcinoma.

Materials and methods

Patients

Institutional review board approval was obtained prior
to commencing this retrospective study. All patients
included in the study provided written informed consent
for both the ablation procedure and anonymous use of
their data for research purposes. From May 2008 to June
2010, 53 patients (42 males, 11 females; mean age
59 years, range: 40–68, SD: 4.2) who underwent com-
puted tomography (CT) guided percutaneous RF and
MW ablation of HCC liver lesions. All cases were
described in the multidisciplinary Tumor board sessions
which include radiologist, medical oncologist, GIT sur-
geon, and gastroenterologist. In all patients, either the
lesions were deemed inoperable, or the patients had
refused surgical intervention. (Table 1) illustrates the

characteristics of patients who were treated with RF and
MW ablation. The main reasons of inoperability were
the multiplicity of the lesions or the bilobar involvement
of the lesions.

RF and MW ablation therapy were performed for 68
lesions. The time interval between sessions for patients
with multiple lesions was 2–4 weeks. The diagnosis of
HCC was according to the diagnostic algorithm and
recall policy of European Association for the Study of the
Liver (EASL) guidelines [11]. In cirrhotic patients, the
diagnosis of HCC for nodules of 1–2 cm in diameter was
based on dynamic magnetic resonance imaging (MRI)
criteria of HCC. Biopsy was performed in case of incon-
clusive findings, or growth or change in enhancement
pattern identified during follow-up. In cirrhotic patients
with nodules more than 2 cm in diameter, the diagnosis of
HCC was based on typical features of dynamic MRI. In
case of uncertainty or atypical radiological findings,
diagnosis was confirmed by biopsy. Non-invasive criteria
were applied only for cirrhotic patients and were based on
dynamic contrast-enhancedMRI.Diagnosis was based on
the identification of the typical hallmark of HCC with
hypervascularity in the arterial phase with rapid washout
in the portal venous or delayed phases [11]. Biopsy and
histopathological confirmation of unclear lesions were
verified in a separate sessionprior to ablation. The patients
were classified into 2 groups sequentially: Group 1
involved 25 patients who underwent RF ablation of 32
lesions. Group 2 involved 28 patients who underwentMW
ablation of 36 lesions. Detailed description of the lesion
sizes and lesion volumes in each group is summarized in
Table 1. Group 1 was treated in the period between May
2008 and February 2009, while Group 2 was treated in the
period between March 2009 and June 2010.

The inclusion and exclusion criteria for ablation
therapy were in accordance to the Barcelona-Clinic Liver
Cancer (BCLC) criteria for the indications and contra-
indications for ablation therapy of HCC. Inclusion cri-
teria for ablation therapy were (1) Single tumor <5 cm
in diameter, (2) maximally 3 lesions <3 cm in diameter,

Table1. Characteristics of patient groups involved in the study

Criterion Group 1 (RFA Group) Group 2 (MWA Group)

Total number of patients 25 28
Male/female 19:6 23:5
Mean age 57 60
Range 40–64 45–68
SD 3.5 4.2
Total number of lesions 32 36

Solitary lesions 20 patients 22 patients
2 lesions 3 patients 4 patients
3 lesions 2 patients 2 patients

Lesion size 0.8–4.5 cm (mean 3.2 cm) 0.9–5 cm (mean 3.6 cm)
<2 cm 18 15
>2–3 cm 10 12
>3–4 cm 3 6
>4–5 cm 1 3

Mean lesion volume (range and SD) 10.79 cm3 (0.4–35.8 cm, SD: 3.2) 13.28 cm3 (0.4–42.1 cm, SD: 4.1)
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(3) non-resectable, (4) Child-Pugh class A or B cirrhosis,
(5) Recurrence after surgical resection, (6) Patient
declined surgery, and (7) MRI tolerance. Exclusion cri-
teria were (1) Life expectancy less than 6 months,
(2) current infection, (3) refractory coagulopathy as indi-
cated by an international normalized ratio (INR)>1.5 or
platelet count <75,000, (4) refractory ascites, (5) portal
hypertension, (6) tumor size >5 cm, (7) >4 lesions,
(8) advanced or terminal-stage HCC, (9) extrahepatic
spread, and (10) MRI intolerance.

Pre-treatment assessment

The ablation treatment plan was determined by the
treating interventional radiologist in conjunction with the
patient and the referring physician. Self-referred patients
were assessed by a multidisciplinary team that included
health care staff members from the thoracic surgery,
medical oncology, and pulmonary disease services. Pre-
procedural laboratory investigations, including a com-
plete blood count and a coagulation profile that consisted
of bleeding time, partial thromboplastin time, and inter-
national normalized ratio, were completed. Anticoagulant
or antiplatelet medications were stopped from 3 days to
1 week before the procedure because of the risk of bleed-
ing. Repeat coagulation profile studies were performed
before the procedure to verify normal coagulation. Pro-
phylactic antibiotics were not routinely administered.
Patients underwent CT scanning in the supine position
immediately prior to treatment to confirm the number and
size of tumors. The ablation parameters, including appli-
cator length and number, position of the patient, and site
of puncture, were planned on the basis of tumor size and
anatomic location. A contrast-enhanced CT scan (Scan-
ner; SOMATOM Definition AS, Siemens Medical Solu-
tions, Erlangen, Germany, 30 mAs/120 KV/5 mm slice
thickness) was performed before ablation to identify the
target lesion and to determine the plan of needle track and
the optimal length of the applicator (RF electrode and
MW antenna).

MRI protocol. For initial treatment planning, unen-
hanced and contrast-enhanced MR imaging, with
0.1 mmol of gadopentetate dimeglumine (Magnevist;
Schering, Berlin, Germany) per kilogram of body weight,
was performed in all patients. All injections were per-
formed by power injector at a rate of 2 ml/s through an
antecubital vein and were flushed with 20 ml saline
administered at the same rate. To determine the optimal
timing for the hepatic arterial phase, a fluoroscopic bolus
detection technique was used in all patients. The arterial
phase began 8 s after contrast arrival at the supraceliac
abdominal aorta. The enhanced images were acquired
during the arterial, portal venous, and delayed phases at
approximately 22–35, 70, and 180 s after gadobenate
dimeglumine administration, respectively. A 1.5-T system

(Magnetom Symphonie; Avanto; Siemens, Erlangen,
Germany) was used. For initial treatment planning, the
MR imaging protocol included T1-weighted, unenhanced
and contrast- enhanced, two dimensional, fast low-angle
shot gradient-echo sequences with transverse and sagittal
section orientation (repetition time ms/echo time ms, 135/
6; flip angle, 80�; field of view (FOV), 350 mm; matrix,
134 9 256; section thickness, 8 mm). In addition, unen-
hanced T2-weighted turbo spin echo sequences (3800/92;
flip angle, 150�; FOV, 350 mm; matrix, 155 9 256; sec-
tion thickness, 8 mm) and dynamic volume-interpolated
breath-hold examination sequences (4.5/1.8; flip angle,
15�; FOV, 350 mm; matrix, 128 9 256; section thickness,
8 mm) were used after administration of the contrast
medium.

Ablation therapy

All ablations were performed by using CT fluoroscopic
guidance (Somatom Sensation 64; Siemens, Erlangen,
Germany) with the following parameters: 5-mm colli-
mation, 30 mAs, 120 kV, and 5-mm section thickness.
Ablation was performed in aseptic conditions by two
interventional radiologists with more than 8 and 15 years
of experience in body intervention, respectively. A com-
bination sedative and analgesic medication with fentanyl
citrate (1 mg per kilogram of body weight) and midaz-
olam hydrochloride (0.010–0.035 mg/kg) was titrated by
specialized radiology nurses under the guidance of the
interventionist until the patient could tolerate the abla-
tion procedure. Continuous electrocardiographic, pulse
oximetry, and blood pressure monitoring data were
obtained and recorded throughout the procedure.

The RF ablation treatment was performed by single
positioning of a 15-gage multitined expandable electrode
with a radiofrequency generator 1500X (StarBurst-com-
patible, RITA Medical Systems). All MW ablation pro-
cedures were performed using Valleylab MW antennae
(shaft length 12, 17 or 22 cm, radiating section 3.7 cm)
and Valleylab MW generators (Valleylab TM, Tyco
Healthcare Group, Boulder, USA) with power settings at
35–45 Watts, and a mean ablation time of 25 minutes ±5.
All lesions up to 3 cm in axial diameter were ablated
using a single applicator (antenna), while two applicators
were applied simultaneously to ablate lesions with an
axial diameter of more than 3 cm. Stepwise advancement
or recruitment of the applicator was performed to
achieve an optimal overlapped zone of ablation ensuring
an adequate safety margin. The location of the applica-
tor was visualized using CT to ensure optimal position-
ing of the radiating part of the antennae within the
lesion. Periodic CT fluoroscopic scanning was performed
encompassing the entire tumor to reassess adequate
positioning of the applicator and monitor any developing
complications. To prevent seeding of malignant cells in
the needle track during removal of the needle electrode
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and to induce local hemostasis of the electrode track,
needle track coagulation was routinely performed at the
end of the procedure [12].

Imaging and follow-up protocol

The morphologic tumor response (number, location and
size) was evaluated by MRI. The MRI follow-up pro-
tocol was a) 24 h post-ablation: as the first control study
post-ablation to assess further morphological changes
and exclude delayed post-ablation complications, 3, 6, 9,
and 12 months post-ablation (3-monthly intervals), and
6-monthly intervals thereafter. Survival rate of patients
in 1, 2, and 3 years, progression-free survival (PFS) rate,
and time to progress (TTP) for 3, 6, 12 months were
evaluated.

Statistical analyses

The variables in the RFA and Microwave ablation
groups were compared. The Fisher exact probability test
was performed for qualitative variable data. The Student
t test was applied for continuous variable data. The rate
of residual foci of untreated disease in the RF ablation
group compared with this rate in the microwave ablation
group was achieved performing the log-rank test. The
recurrence rate, residual foci of untreated disease, and
survival indexes from the time of diagnosis of HCC were
calculated using the Kaplan–Meier method. A P value of
less than 0.05 was observed to indicate a statistically
significant difference.

Results

Complete therapeutic response, residual foci of untreated
disease, recurrence rate (RR), and survival indices were
assessed in patients after both groups and are summa-
rized in Table 2.

Complete therapeutic response was noted in 84.4%
(27/32) of lesions treated with RFA and in 88.9% (32/36)
of lesions treated with MW ablation (P = 0.6). Com-
plete response was achieved in all lesions less than or
equal to 2.0 cm in diameter in both groups. Residual

tumor was observed in 5 lesions of 32 HCC lesions
treated with RFA and in 4 lesions of 36 HCC lesions
treated with MWA. There was no significant difference
in rates of residual foci of HCC lesions between RF and
MW ablation groups (P = 0.15, Log-rank test). RR for
3, 6, 9, and 12 months in patients with HCC who
underwent RF ablation compared with MW ablation
were 6.3%, 3.1%, 3.1% versus 0%, 5.6%, 2.8%, and 2.8%
(Figs. 1, 2, 3).

Time to progress (TTP) in patients treated with RF
compared with MW ablation was 6.6 versus 8.3 months.

Progression-Free Survival (PFS) rate for treated
patients with RF ablation of 1, 2, and 3 years were 96.9%,
93.8%, and 90.6% and treated with MW ablation therapy
were 97.2%, 94.5%, and 91.7, respectively (P = 0.98).

Survival rates for RF ablated patients with HCC
lesions of 1, 2, and 3 years were 100%, 88%, and 72% and
for patients treated with MWA were 100, 96%, and 79%.
There was also no significant difference between both
procedures in survival rate (P = 0.832) (Fig. 4).

Most patients complained of grade 1 intra-procedural
pain (NCI Common Toxicity Criteria) in the upper
abdomen, which stopped immediately after the end of
the ablation procedure. Grade 1 post-procedural pain
was observed in 53.6% (15/28) of patients after MW
ablation and 48% (10/25) of patients after RF ablation;
this was usually relieved within 3–4 days on non-steroi-
dal anti-inflammatory drugs. Sixteen (57.1%, 16/28)
patients after MW ablation and 13 (52%, 13/25) after RF
ablation had a low-grade fever lasting 12–72 h after the
treatment. Asymptomatic pleural effusion was observed
in 8 patients after MW ablation and in 3 patients after
RF ablation, respectively. No medical intervention was
applied to these patients. No skin burns, tumor seeding,
or treatment-related death was observed in this study.

Discussion

RF ablation is the therapy of choice in patients with
HCC according to the Barcelona Clinic Liver Cancer
(BCLC) classification when patients are not candidates
for either liver resection or transplantation [13–15].
Livraghi et al. [16] reported that the rate of complete
response with RF ablation was 90%. Toshiya Shibata
et al [14] evaluated the effectiveness of RFA in patients
with small HCC lesions and showed that complete
therapeutic effect was achieved in 96% lesions treated
with RF ablation. Xu et al [17], in patients with HCC
lesions reported that the complete ablation rates in
tumors £2.0, 2.1–3.9, and ‡4.0 cm were 93.1%, 93.8%,
and 86.4%, respectively. In the current study, complete
therapeutic effect was achieved in all lesions less than or
equal to 2.0 cm in diameter. Different studies [14] illus-
trated that microwave ablation offers many of the ben-
efits of RF ablation and has several other theoretical
advantages that may increase its effectiveness in the

Table2. Outcome of ablation therapy in both groups

RFA MWA

Complete response rate (%) 84.4% (27/32) 88.9% (32/36)
Residual foci 5 out of 32 lesions 4 out of 36 lesions
Recurrence rate (%) for

3 months 6.3% (2/32) 0
6 months 3.1% (1/32) 5.6% (2/36)
9 months 3.1% (1/32) 2.8% (1/36)
12 months 3.1% (1/32) 2.8% (1/36)

Mean time to progress (month) 6,6 8,3
Survival rate (%) for

1 year 100% 100%
2-years 88% 96%
3-years 72% 79%
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Fig. 1. Male patient, 58 years old, with alcoholic cirrhosis
which complicated by HCC in Segment 4b who underwent
MWA. A MRI T1-weighted image in the arterial phase
showing a hypervascular HCC lesion 3 cm in maximal axial
diameter (arrow). B Shows MW antenna within the lesion
(arrow). C MRI image of 24 h post-ablation showing hypo-
intense non-enhancing area in the ablation zone, corre-

sponding to the hyperthermic coagulative necrosis of the
tumor bed. D MRI image in the arterial phase of 3 months
post-ablation. It shows regression of the size of the ablation
bed (arrow) with evidence of focal tumor residue (arrow
head). E MRI follow-up image in the arterial phase of
9 months post-ablation showing progression of the focal
residual enhancing lesion.
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treatment of tumors. Although the tumor response is an
important factor for both techniques, some potential
benefits of microwave technology include consistently
higher intratumoral temperatures, larger tumor ablation
volumes, ability to use multiple applicators, improved
convection profile, and less procedural pain. In addition,
microwave ablation does not require the placement of
grounding pads [18]. In the current study, complete
therapeutic response was noted in 84.4% of lesions
treated with RFA and in 88.9% of lesions treated with
microwave.

Toshiya Shibata et al [14] during follow-up reported
that residual foci of untreated disease were seen in four
of 48 HCC lesions treated with RF ablation and in eight
of 46 lesions treated with MW ablation. In the current
study, 5 of the 32 lesions treated with RF ablation and 4
of 36 lesions treated with MWA were noted residual foci
of untreated disease.

In our study, time to progress (TTP) in HCC patients
treated with RF compared with MW ablation was 6.6
versus 8.3 months. Recurrence rates for 3, 6, 9, and
12 months were 0.0%, 16.7%, 25% versus 13%, 20%, and
26.7%.

In the literature, the 3-year overall survivals in RF
ablated patients with HCC were in the ranges of 59%–81
% [19–23]. Naveen Ballem et al [24] reported 26 months
as the median survival time after RFA in 122 patients
with HCC. Survival rates for 60 patients at 1, 3, and
5 years were 74%, 35%, and 14%, respectively [17].
Shuichi Tobinaga et al [25] showed that survival rates for
all patients at 1, 2, 3, 4, and 5 years were 73.9%, 52.1%,
42.8%, 34.4%, and 26.2%. Estimated mean survival was
32 months, and 1-, 2-, and 3-year cumulative survivals
were 75.6%, 58.5%, and 50.0%, respectively. In com-
parison to the current study, survival rates for 1, 2, and
3 years in RF ablated patients with HCC lesions were

Fig. 2. Female patient, 61 years old, with hepatitis-C
complicated by HCC development in liver segment 6. The
patient underwent MWA treatment. A Contrast-enhanced
MRI image showing a pathologically proven subcapsular
HCC lesion in segment 6 (arrow). B Contrast-enhanced MRI
image of 24 h post-ablation therapy showing a homogenous
hypointense non-enhancing area of the ablation bed (arrow)
corresponding to the hyperthermic-induced coagulative
necrosis involving the tumor as well as a safety margin

around the lesion. C Contrast-enhanced MRI image of
6 months post-ablation therapy showing a homogenous
hypointense non-enhancing area of the ablation bed (arrow).
There is reduction of the size the ablation zone. D Contrast-
enhanced MRI image of 18 months post-ablation therapy
showing a homogenous hypointense non-enhancing area of
the ablation bed (arrow) without evidence of a residual
enhancing lesion denoting successful ablation with complete
response.
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100%, 88%, and 72% and for patients treated with MWA
were 100%, 96%, and 79%.

A recent meta study [26] showed that surgical resec-
tion is superior to ablation therapy in the treatment of
patients with HCC conforming to the Milan criteria in
terms of 3 and 5-year survival rates and local recurrence
rate, suggesting that SR remains the better choice of
treatment for small HCC, whereas ablation therapy
should be considered as an effective alternative treatment
when surgery is not feasible. The rate of recurrence after
treatment is the main factor affecting overall survival and

late death of patients with HCC. The risk factors for
tumor recurrence post-ablation therapy after treatment
include tumor location, tumor size, multinodular tumors,
and an insufficient safety margin. The latter is not only a
matter of the ablation device, but also even more a
matter of the interventional radiologist. Recurrences may
also arise because of pre-existing microscopic tumor foci
that are undetected by imaging modalities or malignant
cells that have been disseminated during manipulation.

One of the limitations of this study was the relatively
small sample size of patients. However, the results of the

Fig. 3. Male patient, 63 years old, with HCC in liver segment
5 on top hepatitis-C induced liver cirrhosis, with maximal axial
diameter of 3 cm. The patient underwent RFA treatment. A
Contrast-enhanced CT image showing a hypervascular
pathologically proven HCC lesion in segment 5 (arrow). B
Contrast-enhanced MRI image in the arterial phase of
3 months post-ablation therapy showing a homogenous
hypointense ablation zone (arrow). C Contrast-enhanced MRI

image of 6 months post-ablation therapy showing a homog-
enous hypointense non-enhancing area of the ablation bed
(arrow). There is stable size in the ablation zone. D Contrast-
enhanced MRI image of 18 months post-ablation therapy
showing a homogenous hypointense non-enhancing area of
the ablation bed (arrow) without evidence of a residual
enhancing lesion denoting successful ablation with complete
response.
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current study emphasize that the end results of ablation
therapy using RFA and MWA are influenced mainly by
the inclusion and exclusion criteria of the ablation ther-
apy as both techniques revealed no significant difference
on the results of ablation.

In conclusion, RF and MW ablation therapy showed
no significant difference in the treatment of HCC
regarding the complete response, rates of residual foci of
untreated disease, recurrence rate, and survival indices.
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