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Abstract
Objectives To evaluate survival and outcomes after percu-
taneous radiofrequency ablation (RFA) of malignant renal
tumours in high-risk patients with long-term follow-up.
Methods Between 2002 and 2009, 62 patients (71 tumours),
with a median age of 73.5 years (20–87), consecutively
treated with RFA under ultrasound or computed tomography
guidance for malignant renal tumours were retrospectively
selected and prospectively followed until 2012, including 25
patients (40.3 %) with solitary kidney and 7 cystic cancers.
Maximal tumour diameters were between 8 and 46 mm
(median: 23 mm).
Results Radiofrequency ablation was technically possible
for all patients. Mean follow-up was 38.8 months (range:
18–78 months). Primary and secondary technique effective-
ness was 95.2 % and 98.4 % per patient respectively. The
rates of local tumour progression and metastatic evolution
were 3.2 % and 9.7 % per patient and were associated with
tumour size >4 cm (P=0.005). The disease-free survival

rates were 88.3 % and 61.9 % at 3 and 5 years. No signif-
icant difference in glomerular filtration rates before and after
the procedure was observed (P=0.107). The major compli-
cations rate was 5.9 % per session with an increased risk in
the case of central locations (P=0.006).
Conclusions Percutaneous renal RFA appears to be safe and
effective with useful nephron-sparing results.
Key Points
• Radiofrequency ablation (RFA) is a well-tolerated tech-
nique according to mid-term results.

• RFA for malignant renal tumours preserved renal function
in high-risk patients.

• Mid-term efficacy of RFA was close to that of formal
conservative surgery.

• Tumour size and central location limit the efficacy and
safety of RFA.
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Abbreviations
GE Gradient echo
Gd Gadolinium
RCC Renal cell carcinoma
CCC Clear cell carcinoma
CKD Chronic kidney disease
RFA Radiofrequency ablation

Introduction

Owing to the increasing use of radiological explorations,
nearly 50 % of kidney cancers are now diagnosed incidentally
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[1], at a non-metastatic stage in 70 to 80 % of cases [2, 3]. For
these reasons, conservative surgery has been developed large-
ly as an alternative to total nephrectomy, to preserve renal
function as long as possible [4].

However, some small kidney cancer patients are poor
surgical candidates, such as in cases of advanced physiolog-
ical age, associated comorbidities, or moderate renal failure.
Therefore, for this highly selected group of patients who are
at such high risk of morbidity and mortality in case of
surgical management [5], alternative minimally invasive
approaches such as percutaneous thermal ablation have been
proposed [6].

Advantages of ablative therapies over partial nephrec-
tomy include potential application in a wider patient
population—including those who are poor surgical can-
didates—and an anticipated morbidity and mortality re-
duction. After promising preclinical results on kidney
tumoors [7], data in the literature on clinical applications
of percutaneous radiofrequency ablation (RFA) of renal
cancers are growing and have confirmed the efficacy of
the technique for renal cancers smaller than 4 cm [8–11].
However, compared with surgical series, most of these
studies report short-term results, with less than 2 years’
follow-up [9–11].

The purpose of the current study is to evaluate survival
and outcomes after percutaneous RFA of malignant renal

tumours in high-risk patients with long-term follow-up for
up to 10 years after treatment.

Materials and methods

Patient selection

This retrospective single-institution study was approved by
the institutional review board; requirement for informed
consent was waived. The institutional prospectively main-
tained radiological database was searched retrospectively
for all cases of RFA performed for T1a malignant renal
lesions at our institution from November 2002 to December
2009 (Fig. 1). A subset analysis was conducted by two
genitourinary radiologists (P.B. and F.C., with 1 and 5 years’
experience respectively) on the results of the first data set to
select only patients with no metastasis, progressive disease,
venous extension, or neoadjuvant chemotherapy. Patients in
palliative situations or with Van Hippel Lindau (VHL) dis-
ease were also excluded. Renal tumours without available
histopathological analysis were excluded for survival anal-
ysis while pathological confirmation was required for solid
tumours only. Finally, a total of 62 patients, with 71 malig-
nant renal tumours were included, including 25 patients
(40.3 %) with solitary kidney and 7 cystic cancers.

Fig. 1 Flowchart of study profile
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Thermal ablation procedures

All patients were hospitalised for the procedure. The choice
of RFA technique, of the appropriate applicator, and of
ancillary techniques was at the discretion of each interven-
tional radiologist according to his/her own experience and
according to several tumour features, including tumour size,
morphology and location, the proximity of adjacent struc-
tures, and the access route. Most procedures were performed
using expandable needle systems (Le-Veen®, Boston Scien-
tific Corporate, Natick, MA, USA; Angiodynamics,
Queensbury, NY, USA). Water dissection was performed
in 15 sessions, dissection with CO2 in 1, and pyeloperfusion
in 14. Prophylactic antibiotics were systematically pre-
scribed before each procedure (cefotaxime 2 g IV).

For all patients, RFA procedures were performed percuta-
neously, under ultrasound guidance for two patients and under
computed tomography (CT) guidance (SOMATOMSensation
16, Siemens Healthcare, Erlangen, Germany) for all others
(Fig. 2). General anaesthesia was given to all patients. In each
case, vital signs were continuously monitored by an anaesthe-
tist and a dedicated nurse. All patients were observed for a
minimum of 3 h following the procedure.

Renal function was monitored in all cases before the
procedure and 2 and 6 months after the procedure by mea-
suring serum creatinine and calculating creatinine clearance
with the Modification of the Diet in Renal Disease (MDRD)
formula.

Follow-up imaging

All patients received follow-up using either contrast-enhanced
CT or magnetic resonance (MR) imaging, depending on their
renal function. These included an early control study 2–
3 months after ablation for evaluation of the technical effec-
tiveness and detection of complications, then subsequently at

6 months, 1 year, and at 1-year intervals thereafter, to assess the
local efficacy and the absence of local tumour progression. A
prospective collection of imaging and clinical follow-up con-
tinued until the end of August 2012 for all patients. The
diagnosis of complete tumour necrosis was based on the ab-
sence of any enhancement within the ablated zone. Enhance-
ment was considered significant when greater than 15 HU on
CT (Fig. 3) and 15 % on MRI on the follow-up examinations.
Absence of any enhancement on initial 2- to 3-month follow-
up imaging was considered a technical success. Absence of
enhancement on initial follow-up imaging was considered a
complete ablation (for evaluation of primary treatment failure),
and enhancement or enlargement of the ablation area on sub-
sequent imaging after an initially negative imaging study was
considered to show local tumour recurrence.

Data collection and statistical analysis

All data relating to the treated patients were compiled on the
basis of a review of all medical, biological, imaging, and
biopsy reports by one of the authors (P.B.). All images were
retrospectively reviewed independently by two board-
certified radiologists (P.B. and F.C.). Data were entered into
a worksheet for storage (Excel; Microsoft, Redmond, WA,
USA). The primary study endpoints were overall survival
for each patient and time to recurrence for an individual
tumour. Overall survival was defined as the time from the
first RFA to death of any cause or last date of follow-up. The
survival curves were constructed using the Kaplan-Meier
method. The log-rank test was used to assess overall surviv-
al differences between groups for the univariate analysis.
Procedure-related complications and side effects were noted
and classified on the basis of criteria proposed by the Soci-
ety of Interventional Radiology [12] and the National Can-
cer Institute Common Terminology Criteria Adverse Events
(CTCAE, version 4.0). The relative significance of the

Fig. 2 a Axial enhanced CT shows a 24-mm exophytic and posterior
renal clear cell carcinoma (arrows) in a 79-year-old man. b Axial
unenhanced CT shows treatment performed under general anaesthesia

with expandable needle. c Post-procedure unenhanced CT shows com-
plete necrosis of the entire tumour volume
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variables in predicting survival, recurrence, or complica-
tions was assessed using multivariate Cox regression anal-
ysis. All statistical tests were two-sided and P<0.05 was
considered to indicate a significant difference. All statistical
analyses were performed using SAS software Windows 9.2.

Results

Patient group

There were 48 male and 14 female patients, ranging in age
from 20 to 87 years (median 73.5 years; Table 1). Among
the 62 patients (71 tumours), 8 had two tumours and 2 had
three (Table 2). Seven tumours were type 4 cystic tumours
according to the Bosniak classification of cystic masses
[13]. For patients with solid tumours, 30 presented with
clear cell carcinomas (CCC), 12 with papillary carcinomas,
and 3 with chromophobe carcinomas. The 10 patients with
pathologically proven renal cell carcinomas (RCC), but
without identified tumour subtype, were also treated.

Procedural information

Primary technical success was observed for 95.2 % of
patients (Fig. 2) with only three residual unablated tumour
segments (tumour sizes of 40, 43 and 46 mm) on the first
imaging study following RFA. Two of these were retreated
successfully with RFA, providing a secondary technical
success of RFA of 98.4 %.

Outcomes

Mean follow-up was 38.8 months (SD: 18.5 months) with a
median of 36.5 months (ranging from 18 to 78 months). Ten
patients (16.1 %) died during the course of follow-up: one
because of thermal injury of the duodenum and perforation

1 week after the procedure; seven died because of other co-
morbidities, and two patients died because of renal neoplastic
disease progression. The specific survival rate was 96.8% and
the metastatic disease-free survival was 93.5 %. Median sur-
vival and overall survival were 68 months and 90.1 % respec-
tively for tumours less than 3 cm, and 55 months and 44.0 %
respectively for tumours larger than 3 cm (P=0.03; Fig. 3).
The overall survival rate was 82.3 % (95 % CI=0.650–0.915)
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Fig. 3 Overall survival for the population selected. Overall survival
rate was 82.3 % (95 % CI=0.650–0.915) and 60.9 % (95 % CI=0.29–
0.820) at 3 and 5 years, respectively

Table 1 Patient characteristics

N

Patients 62

Gender Male 48 (77.4 %)

Female 14 (22.6 %)

Age Median (years) 73.5 (range: 20–87)

ASA ASA 1 2 %

ASA 2 40 %

ASA 3 44 %

Not specified 14 %

Chronic kidney disease 14 (23 %)

Cardiovascular and respiratory comorbidities 27 (43.5 %)

Extra-renal malignancy 7 (11.3 %)

Histology CCC 30 (48.4 %)

Cystic (Bosniak 3–4) 7 (11.3 %)

Papillary carcinoma 12 (19.4 %)

Chromophobe
carcinoma

3(4.8 %)

Not specified RCC 10 (16.1 %)

Number of tumours
per patient

Single 52 (83.9 %)

Multiple 10 (16.1 %)

ASA score American Society of Anaesthesiologists physical status
score

CCC Clear cell carcinoma

RCC Renal cell carcinoma

Table 2 Tumour characteristics

Size Mean (mm) 23.9 (range: 8–46 mm)

Locationa Exophytic 34 (47.9 %)

Parenchymal 23 (32.4 %)

Central 11 (15.5 %)

Both 3 (4.2 %)

Side Right 34 (47.9 %)

Left 33 (46.5 %)

Bilateral 4 (5.6 %)

Graft 4 (5.6 %)

a Three categories of location: central when the tumour has contact
with kidney sinus, exophytic when more than one third of the tumour is
developed in peri-renal fat, and parenchymal for tumours without
contact with sinus or peri-renal fat
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and 60.9 % (95 % CI=0.29–0.820) at 3 and 5 years, respec-
tively (Fig. 3).

Nine recurrences were observed: two in situ recurrences for
initial tumours larger than 3 cm with central locations (one
associated with pulmonary metastasis at 1 year and one at
2 years; Fig. 4); two ipsilateral recurrences outside the ablative
site (1 at 2 years, adequately treated with a new RFA session,
and 1 at 3 years); two contralateral recurrences at 3 and 4 years;
and four metachronous distant recurrences (but one associated
with an in situ recurrence). The rates of local tumour progres-
sion and metastatic evolution were respectively 3.2 % and
9.7 % per patient. Therefore, the rate of local recurrence at the
ablative site, after exclusion of the three incomplete initial
RFAs, was 1.6 % (1/62). The secondary technical success rate
of RFA including treatment of recurrences was 96.7 %.

Overall disease-free survival rate at 3 years was 88.3 %
(95 % CI=0.750 to 0.948) and 61.9 % (95 % CI=0.313–
0.820) at 5 years (Fig. 5).

In univariate analysis, central location appeared to be a
risk factor for recurrence with a relative risk (RR) of 22.41
(95 % CI=2.48 to 202.38, P=0.006). In univariate and
multivariate analysis, size was the only factor independently
associated with the occurrence of residual tumour or in situ
recurrence. Of tumours less than 4 cm, 100 % were com-
pletely processed from the first RFA while only four of the
tumours greater than 4 cm (57.1 %) had a complete initial
treatment. For a 1-cm increase the relative risk was 9.35
(95 % CI=2.08 to 41.43; P=0.005; Fig. 5).

Complications and effects on renal function

Hospitalisation duration was less than 3 days for 44 patients
(47 %) with a mean hospital stay of 4.29 days (range: 2–13).
Mean creatinine clearance before the procedure was
61.3 ml/min (SD=22.9 ml/min), and 58.6 ml/min (SD=
25.1 ml/min; P=0.367) and 60.6 ml/min (SD=24.8 ml/min;

Fig. 4 a Axial enhanced CT shows a 34-mm central renal clear cell
carcinoma in a 77-year-old patient. The lesion was treated with an
expandable needle system. b, c, d Axial CT before and after contrast
medium injection performed 1 year after radiofrequency ablation

(RFA) shows contrast enhancement (arrows) during arterial (30-s) (c)
and tubular (90-s) phases (d), compared with acquisition without
contrast medium (b). This was considered as an in situ recurrence on
the central side of the lesion. Cryoablation was successfully performed
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Fig. 5 a Recurrence-free survival for the population selected. Overall
disease-free survival rate was 88.3 % (95 % CI=0.750–0.948) and
61.9 % (95 % CI=0.313–0.820) at 3 and 5 years, respectively. b
Recurrence-free survival rate for tumours less than 4 cm and tumours

larger than 4 cm: 100 % of tumours <4 cm were completely processed
from the first RFA while only 4 of the tumours >4 cm had a complete
initial treatment (57.1 %)
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P=0.107) at 2 and 6 months respectively. Four (4.3 %)
major early complications occurred (Table 3). Five patients
presented severe late complications after treatment of central
tumours. The overall major complications rate per patient
was 5.9 %. In multivariate analysis, only a central location
of the tumour was associated with an increased risk of
complications (odds ratio: 22.66, 95 % CI=2.47 to 208.33,
P=0.006).

Discussion

These medium-term results of RFA performed over 10 years
in our institution confirm that this ablative method could be
an attractive alternative option for the management of small
malignant renal tumours, even in poor surgical candidates,
irrespective of the reasons. For these patients, renal tumours
were adequately controlled with this local treatment with an
overall disease-free survival rate of 88.3 % at 3 years and
61.9 % at 5 years. This observation was concordant with
data from the literature [14]. Additionally, our results have
shown that an additional RFA session was not a technical
challenge after a first session of RFA in the case of unab-
lated tumours. Therefore, the secondary efficacy rate of
RFA, which is more informative and representative of the
contribution of the technique in terms of oncological control
[12], was close to conservative surgery results [15], with a
rate of 98.4 %. It was in accordance with the 90–100 %
reported in the literature [14, 16–19].

Moreover, as reported in previous studies, the complica-
tions rate was low. The major complications rate was 5.9 %,
close to values found in the literature on the topic ranging
from 0 to 6 % [16, 20] and close to the data observed with
open partial nephrectomy, which were 6.3 % (4.5–8.7 %)

[21], mainly represented by urinary fistulas (4.1 %). As
reported in our study, severe complications may occur after
renal RFA, such as injuries to the bowel (colon or duode-
num), either as a result of inadvertent puncture or by exten-
sion of the ablation zone [22]. To avoid these complications,
thermal protection techniques have been proposed [23, 24]
in addition to an optimisation of the position of the probes
with the expanded use of multiplanar reconstructions. How-
ever, one of the main advantages of RFA compared with
nephrectomy was the absence of any detectable renal func-
tion impairment after treatment, as reported previously [25,
26] even in solitary kidneys [27]. Our study confirmed this
observation without a significant decrease in renal function
reported at 2 and 6 months for patients treated for a single
tumour with RFA.

Nevertheless, our medium-term results also confirmed
that it is important to consider several morphological factors
before planning a percutaneous RFA in order to limit mor-
bidity and failures. Size is actually one of the well-identified
limits of RFA. Median survival and overall survival rates
were greater for tumours ≤3 cm than for tumours >3 cm (P=
0.03). Moreover, in univariate and multivariate analysis, the
size (threshold: 4 cm) was the only factor independently
associated with the occurrence of residual tumour or in situ
recurrence (P=0.005). While several techniques have been
proposed to increase the ablation volume of RFA, such as
preoperative embolisation or anti-angiogenic drugs [28],
prospective studies are still awaited. Furthermore, micro-
waves, which create larger ablation zones than RFA [29,
30], could also be useful in the future in these cases.

Our study also agrees with previous data [6] by consid-
ering the central location of the tumour as a risk of technical
failure (P=0.006) and complications (P=0.006). The rea-
sons are a delicate placement, a loss of the thermal impact of

Table 3 Complications after RFA

Complications (number) Minor and moderate Major

Immediate Peri-renal haematoma (9) None
Adrenal haematoma (1)

Renal infarction (2)

Pneumothorax (3)

Liver thermal injury (1)

Early (<7 days) Arterial hypertension(9) Acute kidney failure with transitory dialysis (1)
Arterial hypotension (1)

Acute paranoid reaction (1) Haemorrhaging and transfusion (1)
Neurological pain (1)

Inflammatory reaction of pancreatic cyst (VHL) (1) Cutaneous fistula + urinoma + infection (1)

Minimal fistula without urinoma (1) Duodenal perforation + abscess (1)

Late (>7 days) Liver haematoma at 2 months (1) Ureteral stenosis + haematoma infection (1)

Ureteral stenosis + cutaneous fistula (1)
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RFA due to the proximity of the vascular pedicles, the heat
sink effect and the irrigation of the upper urinary tract.
Cryoablation seems to be more efficient for this tumour
location [8] and must be proposed in this case. On the other
hand, with only one incomplete first RFA session of a 40-
mm non-central tumour in our study, the exophytic location
seems to be a predictive factor of therapeutic success be-
cause of the easier positioning of the RF electrode and the
insulating effect of the peri-renal fat [16].

Our study has several limitations. First, this is a retro-
spective analysis performed over 10 years with its inherent
limitations. Our data collection begins at the first procedure
performed in our centre, implying an initial learning phase
and a progressive adaptation of heating protocols. Second,
our selected population, by its intrinsic characteristics, is
itself a bias in the interpretation of results for comparison
with the surgical technique. Third, the criterion for thera-
peutic efficacy is based on imaging, which remains the gold
standard because of its accessibility and its non-invasive
nature; systematic biopsies after RFA do not appear justified
without incomplete treatment being suspected on imaging
follow-up [14].

In conclusion, according to these medium-term results, we
can assume that percutaneous RFA is safe and effective in
treating primary renal cell carcinomas, with a low morbidity
for exophytic or parenchymal tumours. This minimally inva-
sive therapeutic option contributes to the conservation of renal
function and subsequently to the improvement of quality of
life and life expectancy of patients even in cases of poor
surgical candidates. Nevertheless, longer term imaging
follow-up on large cohorts remains necessary.
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