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Abstract

Purpose This multicenter phase I/II study evaluated the
safety, feasibility, and initial efficacy of radiofrequency
ablation (RFA) for small malignant renal tumors.

Methods Thirty-three patients were enrolled in the study. A
single session of RFA was performed in patients with a renal
tumor of 1-3 cm in greatest diameter, with the exception of
lesions adjacent to the renal hilum. The primary endpoint was
the safety of renal RFA, and the secondary endpoints were its
feasibility and initial efficacy for local control, as well as the
incidence and grade of adverse events. Clinical efficacy was
evaluated by CT scans within 1 week and at a further 4 weeks
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after the procedure using the criteria adapted from the
Response Evaluation Criteria in Solid Tumors.

Results The RFA procedure was completed in 100 % (95 %
confidence interval [CI] 89—100 %) of all 33 patients. There
were no severe adverse events (0 % [95 % CI 0-11 %)).
Among the 33 patients, a complete response, partial response,
progressive disease, and stable disease were seen in 28
85 %), 0 (0 %), one (3 %), and one (3 %) patient(s),
respectively, with a tumor response rate of 85 % [95 % CI
68-95 %]). Three patients (9 %), including one ineligible
patient (3 %), were not evaluable. Out of 30 evaluable
patients, a complete response was achieved in 28 (93 %).
Conclusion The current multicenter trial revealed that
RFA is a safe, feasible, and effective treatment for small
malignant renal tumors in patients who are not candidates
for surgery.
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Introduction

The current gold standard therapy for small RCC is partial
nephrectomy. Because of its minimally invasive character,
radiofrequency ablation (RFA) and cryoablation are
options reserved for patients who are not candidates for
surgery because of comorbidity or refusal [1-5]. Reliable
evidence on the effectiveness of the treatment is still
lacking as most previously published reports on renal RFA
were retrospective studies, comprehensive reviews, and
meta-analyses of case series. Multicenter prospective
studies have not been reported regarding the evaluation of
renal RFA. Therefore, we undertook a phase I/II multi-
institutional prospective study of renal RFA, the Japan
Interventional Radiology in Oncology Study Group (JIV-
ROSG) Study 0701. Its objective was to evaluate the
safety, feasibility, and initial efficacy of renal RFA in
patients with small malignant renal tumors.

Materials and Methods
Patient Selection

This study was approved by the institutional review board
at each institution. Inclusion criteria were: malignant renal
tumors confirmed pathologically, or by course and diag-
nostic imaging; tumors that were 1-3 cm in greatest
diameter; tumors with increased attenuation of >20 HU on
CT scan after intravenous administration of contrast media;
patients in whom surgical resection was out of indication or
not desired; adequate major organ function defined as a
white blood cell count of 3000/uL or higher, a platelet
count of 100,000/pL or higher, a hemoglobin level of
8.0 g/dL or higher, creatinine clearance of 50 mL/min or
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higher, and serum bilirubin of 2.0 mg/dL or lower; age
>20 years when informed consent was obtained; Eastern
Cooperative Oncology Group performance status of 0-2;
and life expectancy of at least 2 months.

Exclusion criteria included: patients with a cardiac
pacemaker; definite existence of arteries, nerves, or ureters
on the root of an electrode seen on imaging; a target lesion
adjacent to the renal hilum, or difficulty in advancing an
electrode without passing though the renal hilum or gas-
trointestinal tract; difficulty in measuring the diameter of the
lesion on CT; a definite bleeding disorder; treatment with an
antiplatelet agent, thrombolytic agent, or anticoagulant
therapy that could not be discontinued; a history of allergy to
contrast media; active infection; active inflammation; a fever
temperature of >38 °C; multiple renal tumors, for which
additional treatment could not be extended beyond 4 weeks
after RFA; chemotherapy or immunotherapy that could not
be discontinued at 4 weeks before registration to a CT study
and at 4 weeks after the protocol treatment; previous local
treatment; and pregnancy or suspected pregnancy. Any
patients who were deemed otherwise unsuitable for the
study by the investigator were excluded.

Percutaneous renal needle biopsy was recommended
before or during the procedure, but it was not mandatory.

Renal RFA Procedures

A 17-gauge Cool-tip electrode (Valleylab, Boulder, CO,
USA) or a 14-gauge LeVeen electrode (Boston Scientific,
Natick, MA, USA) was selected based on user preference.
Under conscious sedation, patients were placed on the
table. Local anesthesia was performed for skin and sub-
cutaneous tissue on the puncture line. The image guidance
modality was not specified in the protocol. A radiofre-
quency (RF) electrode was advanced to the tumor. After
confirmation that the RF electrode had been placed inside
the target tumor, the RF application was performed using a
RF generator (Cool-tip RF, Valleylab; RF 3000, Boston
Scientific). For the Cool-tip RF system, based on 12 min of
energy application in the impedance control mode for
applying energy to one site, ablation was complete when
the temperature of the tip of the needle electrode was at
least 60 °C at the completion of energy application. For the
RF 3000 system, based on whether there were roll-offs (the
phenomenon of the impedance increasing to an infinitely
large degree and output decreasing to 0 Watts) or 15 min of
continuous energy application, ablation was complete at
one energy application site when there were two roll-offs,
15 min of continuous energy application and one roll-off,
or two 15-min periods of continuous energy application. If
the tumor was not covered by the ablated area of one
ablation site, the electrode was repositioned and ablation
was repeated as described above.
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Study Endpoints and Study Design

This study was a multi-institutional, single-arm, open-label,
noncomparative trial. The primary endpoint was the safety of
renal RFA, and the secondary endpoints were its feasibility
and initial efficacy in local tumor control, as well as the
incidence and grade of adverse events. The phase I compo-
nent of this trial was conducted in nine patients using the
three-by-three method proposed by the JIVROSG, which has
been described in detail previously [6]. In brief, this is a step-
by-step safety evaluation of the first nine patients divided into
three cohorts. The first cohort is treated and evaluated for the
occurrence of severe adverse events. If they occur in one
patient or less during the observation period of 4 weeks, the
next cohort is treated, followed by the next observation
period of 4 weeks, and finally, the third cohort of three
patients is treated. This method was developed to assure the
safety of a new interventional procedure. In the phase II
component of this study, 24 patients were enrolled.

Evaluation of safety involved confirmation of the inci-
dence of severe adverse events that corresponded to grade
4 or 5 according to the Common Terminology Criteria for
Adverse Events (CTCAE) version 3.0 [7], or equivalent to
these grades; an incidence of <34 % severe adverse events
among all enrolled cases was considered to be accept-
able safety. The incidence and severity of the adverse
events were calculated in all patients who underwent at
least part of the protocol treatment. The incidence of
adverse events and each grade, based on the worst grade,
for the patients were recorded.

The feasibility of the procedure was measured together
with the rate of protocol completion in all enrolled patients.
Tumor response rates were calculated from all enrolled
patients and eligible patients. Patients underwent an
abdominal CT study in which pre- and post-contrast arterial
and equilibrium phases with axial images of 5-mm slice
thickness were obtained within 4 weeks before registration,
and within 1 week after completion of the procedure as the
first post-procedure CT scan. The second post-procedure CT
scan was obtained at a further 4 weeks after the first post-
procedure CT scan. The efficacy was evaluated with tumor
response rate, namely complete response (CR) or partial
response (PR) using our criteria (Table 1) adapted from the
Response Evaluation Criteria in Solid Tumors (RECIST)
criteria [8]. In the current study, the target lesion was limited
to one renal tumor undergoing treatment, and tumor
response of the viable target lesion was evaluated. Viable
lesion was defined as the site showing contrast enhancement
of at least 20 HU on a contrast-enhanced CT scan. CT
images were evaluated based on central review to minimize
bias by at least three committees who had had their board
certification of diagnostic radiology approved by the Japan
Radiological Society.

Overall survival was calculated using a Kaplan—Meier
analysis in which the survival of patients was evaluated at
the time of analysis.

Statistical Analysis

According to the three-by-three method proposed by the
JIVROSG, in the phase I component of the trial, a cohort size
of nine patients was considered to be adequate to terminate
the study if the incidence of severe adverse events associated
with the procedure exceeded one-third of the patient popu-
lation [6]. During phases I and II, the study was designed to
detect the incidence of adverse events, set at 10 % for the
lowest rate, 10 % for the predicted rate, and 30 % for the
unacceptable rate, with a power of 80 %. Since a protocol
dropout rate of 10 % was anticipated, the target accrual
number of patients was calculated to be 33. All enrolled
patients were included in the intention-to-treat analyses for
evaluation of safety, feasibility, and initial efficacy. This
study was registered under Clinical Trials Registry, number
UMINO000001123 (www.umin.ac.jp/ctr/index.htm).

Results

The registration period extended from April 2008 until
August 2010. Patients were enrolled from eight institutions
that were participating in the JIVROSG (Supplementary
Table S1). There was no report of a severe adverse event
corresponding to grade 4 or 5 during phase I, and the study
therefore proceeded to phase II. Patient characteristics are
listed in Table 2. One patient had a renal tumor located
adjacent to the renal hilum; this met the exclusion criteria,
but RFA treatment was mistakenly performed. The num-
bers of all eligible patients and patients for whom protocol
treatment was performed were 32 and 33, respectively.

Results of Biopsy

Percutaneous renal biopsy was performed in 31 patients,
although it was not mandatory. Biopsy data are detailed in
Table 3. Among the 31 patients, a pathologic diagnosis of
RCC was made in 28 patients. In the other three patients,
the specimen obtained by biopsy was not sufficient for a
pathological diagnosis to be made. As a result, no tumor
was diagnosed as a benign renal tumor or other type of
malignant renal tumor. In five patients, diagnosis of
malignant renal tumors was made using CT imaging.

RFA Procedures

RFA procedures, including RF electrode insertion into the
target renal tumors and ablation according to the protocol,
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Table 1 Criteria for evaluating target lesion response

Complete response
(CR)

Partial response (PR)

Progressive disease
(PD) recorded since the treatment started

Stable disease (SD)

Disappearance of any intratumoral enhancement in a target lesion

At least a 30 % decrease in the longest diameter of a viable target lesion, taking as reference the baseline longest diameter

At least a 20 % increase in the longest diameter of a viable target lesion, taking as reference the smallest longest diameter

Neither sufficient shrinkage to qualify for partial response nor sufficient increase to qualify for progressive disease

Table 2 Patient demographics

Table 3 Results of biopsy

Parameter Value Pathological diagnosis Number of patients (%)
Total number of patients 33 Primary renal cell carcinoma 27 (82 %)
Clinical diagnosis of renal tumors* Clear cell carcinoma 24
Primary renal cell carcinoma 32 (97 %) Chromophobe cell carcinoma 1
Metastatic renal cell carcinoma 133 %) Papillary carcinoma 1
Age (years) Histological type unknown 1
Mean 61 Metastatic renal cell carcinoma 13 %)
Median 62 Clear cell carcinoma 1
Range 22-82 Undiagnosed by biopsy 30 %)
Sex* Biopsy not performed 2 (6 %)
Male 24 (73 %)
Female 9 (27 %)
Performance status (ECOG) * Adverse Events
0 31 (94 %)
1 2 (6 %) The procedure was well tolerated by all 33 patients. No
2 0 (0 %) grade 4 or 5 adverse event (0 % [95 % CI 0-11 %])
Size (cm) occurred. The adverse events using CTCAE version 3.0
Mean 2.1 classifications are summarized in Table 5. A total of 59
Median 2.0 adverse events were seen in 29 (88 % [95 % CI 72-97 %])
Range 13-2.9 out of the 33 patients.
Location of renal tumors*
Right or left Efficacy
Right 22 (67 %)
Left 1133 %) Data regarding the evaluation of tumor response for a
Position target lesion are detailed in Table 6. A tumor response rate,
Exophytic 25 (76 %) which was equal to a CR rate, was 85 % (95 % CI
Parenchymal 7 21 %) 68-95 %) among all 33 enrolled patients and 88 % (95 %
Central 13 %) CI 71-97 %) among 32 eligible patients. One patient was
Tumors except the target lesion* deemecli as ineligible, Who had a re':nal r.nass adj.acent to the
No 28 (85 %) renal hilum. Three patients whose imaging stl}dles v.vere not
Yes 5 (15 %) completed were deemed as not evaluable, including one
. ineligible patient. A CR was achieved in 28 (93 %) out of
Contralateral kidney* K
Normal 27 (82 %) 30 evaluable patients.
Atrophy 13 % Survival
Resected 5 (15 %)

* Data represent number of patients
ECOG Eastern Cooperative Oncology Group

were completed in all (100 % [95 % confidence interval

[CI], 89-100 %]) of 33 cases. The ablation parameters are
summarized in Table 4.

@ Springer

No deaths occurred within 1 month after the RFA proce-
dure. Two patients died during the follow-up period; their
deaths were not related to the RFA procedure. One patient
died from shock of unknown etiology during CT-guided
lung biopsy at 247 days after the RFA procedure. The
patient exhibited hypotension and bradycardia after removal
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Table 4 Parameters involved Type of Electrode

Cool-tip LeVeen

in RFA procedure
Number of patients
Number of electroconductions
Maximum power (W)
Total ablation time (min)
Total procedure time (min)

31 2

1-7 (mean, 2.8) 5-8 (mean 6.5)

50-140 (mean, 97) 100-110 (mean 105)

12.0-60.0 (mean, 24.5) 15.2-28.3 (mean 21.8)
20-153 (mean, 66.8)

Table 5 Adverse events

: . Event Grade*
according to CTCAE version
3.0 1 2 3 4 5 Total
Symptoms and signs during procedure
Thermal injury 0 1 0 0 0 13 %)
Hypotension 0 1 0 0 0 133 %)
Renal subcapsular hematoma 3 0 0 0 0 39 %)
Supraventricular arrhythmia and sinus bradycardia 1 0 0 0 0 1 (3 %)
Laboratory data
Increased AST 14 0 0 0 0 14 (42 %)
Increased ALT 3 0 0 0 0 309 %)
Increased creatinine 3 0 0 0 0 39 %)
Increased serum total bilirubin 8 1 0 0 0 9 (27 %)
Decreased serum hemoglobin 6 1 0 0 0 7 (21 %)
Thrombocytopenia 4 0 0 0 0 4 (12 %)
Leukocytosis 0 1 0 0 0 1 (3 %)
Hypoalbuminemia 7 0 0 0 0 7 (21 %)
Hypokalemia 2 0 0 0 0 2 (6 %)
Hyperkalemia 1 0 0 0 0 1.3 %)
Hyponatremia 1 0 1 0 0 2 (6 %)
* Data represent the number of patients
AST aspartate aminotransferase, ALT alanine aminotransferase
Table 6 Tumor response for Total PR SD PD NE CR + PR
target lesions
All cases™ 33 (100) 28 (85) 0(0) 13) 13 30 28(85[95 % CI 68-95)])
Eligible cases* 32 (100) 28 (88) 0 (0) 1) 13 2 28(88[95 % CI 71-97))

* Data represent the number (percentage) of patients

CR complete response, PR partial response, SD stable disease, PD progressive disease, NE not evaluable,

CI confidence interval

of the biopsy needle, resulting in cardiac arrest. He could not
be resuscitated, although cardiopulmonary resuscitation was
provided. The other patient who underwent RFA for a
metastatic RCC died of primary disease at 383 days after the
procedure. Patient survival was evaluated at a mean follow-
up time of 442 (range, 127-731) days (SD, 150 days). One-
and 2-year overall survival rates were 97 % (95 % CI
91-103 %) and 92 % (95 % CI 81-103 %), respectively
(Fig. 1).

Discussion

In the literature, the complication rate for renal RFA in larger
(at least 70 cases), observational, noncomparative series ran-
ges from 4-13 % [1-5]. This broad range of complication
rates may reflect the lack of a standard definition of compli-
cations due to the studies being retrospective. Reported early
complications included perirenal hematoma, thermal injury
to the bowel, urinoma, perirenal abscess, pneumothorax,

@ Springer
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Fig. 1 Overall survival curve

pneumonia, neuropathic pain, hydronephrosis, and others [1—
5]. In the current study, the RFA treatment protocol was
completed in all 33 patients without severe adverse events
corresponding to grade 4 or 5. These results suggest that the
protocol treatment was safe and feasible.

Gervais et al. [1] reported that complete necrosis of a
renal tumor of <3 cm in diameter was achieved in 48
(92 %) of 52 tumors after a single ablation session of renal
RFA. Both small size (<3 cm) and a noncentral location
proved to be independent predictors of complete necrosis
after a single ablation session. Breen et al. [3] performed RF
ablation on 105 renal tumors in 97 patients, with a mean
tumor size of 32 mm (11-68 mm). Eighty-three tumors
were completely treated in a single session (79 %). Tumor
size was the only predictor of procedure outcome, with
tumors of <3 cm in size being associated with complete
treatment in a single ablation session. As mentioned above,
in the literature, tumor size and location seem to be signif-
icant predictive factors in achieving complete necrosis of the
tumor after a single RFA session. This was the reason why
we excluded tumors that were >3 cm in size and had a
central location from the inclusion criteria. In the current
study, out of 30 evaluable patients, CR was achieved in 28
(93 %). Our results were comparable with the initial success
rates of the previous retrospective reports, even though our
study was a prospective multicenter trial.

In the literature, RECIST has not yet been used in eval-
uation of renal RFA, although standard methods of response
assessment have been required to compare treatment options.
The concepts of our evaluation criteria are analogous to those
of modified RECIST (mRECIST) [9, 10]. Regarding the
evaluation of hepatocellular carcinoma, recent studies have
found a poor correlation between the extent of tumor necrosis
induced by interventional procedures and RECIST [10].
Edeline et al. [11] mentioned that mRECIST should be used
as the standard assessment for treatment efficacy with regard

@ Springer

to hepatocellular carcinoma. As for RCC, any area exhibiting
contrast enhancement within the ablation zone is conven-
tionally regarded as residual unablated tumor or local tumor
progression. Therefore, mRECIST provides appropriate cri-
teria to evaluate the therapeutic effects of renal RFA; how-
ever, mRECIST had not yet been published when we
completed the study protocol. In the current study, a viable
lesion was defined as a site showing contrast enhancement of
at least 20 HU on a contrast-enhanced CT scan. Enhance-
ment on dual-phase CT has classically been defined as an
increase in attenuation of >10 HU between the unenhanced
and enhanced phases. However, because of the greater fre-
quency of pseudoenhancement effects seen with multi-de-
tector row CT than with single-detector CT, this threshold
has lost specificity and >20 HU is now the more common
definition [12, 13].

The limitations of the current trial include the small
number of patients enrolled and the short follow-up time. The
follow-up time using CT scan after RFA was 4-6 weeks,
which is sufficient to evaluate the primary technical success
and technique efficacy in an imaging study [14], but too short
a time over which to evaluate the presence of subsequent
local tumor progression. In the literature, most local tumor
progression has been reported to be detectable within 1 year
after thermal ablation [2, 15]. However, recently reported
long-term outcomes showed local tumor progression with a
median time to local progression of 1 to 2.5 years [16-18].
Other limitations were that one ineligible patient (3 %) was
included in this study and five patients (15 %) had a renal
tumor not confirmed by biopsy.

In conclusion, the current prospective multicenter trial
revealed that RFA is a safe, feasible, and effective treat-
ment for small malignant renal tumors. RFA is a promising
alternative treatment for small malignant renal tumors in
patients who are not candidates for surgery. A larger
clinical trial with a longer follow-up is warranted.
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