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Abstract

Purpose In this pilot trial, we investigate the safety of CT-guided high-dose-rate brachytherapy (HDR-BT) as a local
ablative treatment for renal masses not eligible for resection or nephrectomy.

Methods We investigated renal function after irradiation by HDR-BT in 16 patients (11 male, 5 female, mean age
76 years) with 20 renal lesions (renal cell carcinoma n = 18; renal metastases n=2). Two patients had previous contralateral
nephrectomy and two had ipsilateral partial nephrectomy. Six lesions had a hilar localization with proximity to the renal
pelvis and would have not been favorable for thermal ablation. Renal function loss was determined within 1 year after
HDR-BT by renal scintigraphy and laboratory parameters. Further investigations included CT and MRI every 3 months to
observe procedural safety and local tumor control. Renal function tests were analyzed by Wilcoxon’s signed rank test with
Bonferroni—-Holm correction of p-values. Survival and local tumor control underwent a Kaplan—Meier estimation.

Results Median follow-up was 22.5 months. One patient required permanent hemodialysis 32 months after repeated
HDR-BT and contralateral radiofrequency ablation of multifocal renal cell carcinoma. No other patient developed a signif-
icant worsening in global renal function and no gastrointestinal or urogenital side effects were observed. Only one patient
died of renal tumor progression. Local control rate was 95% including repeated HDR-BT of two recurrences.

Conclusion HDR-BT is a feasible and safe technique for the local ablation of renal masses. A phase II study is recruiting
to evaluate the efficacy of this novel local ablative treatment in a larger study population.

Keywords Renal cell cancer - Brachytherapy - Local-ablative treatment - Renal tumors - Renal function
Prospektive Evaluation der CT-gesteuerten HDR-Brachytherapie als lokalablative Behandlung von
Nierenraumforderungen: eine einarmige Pilotstudie

Zusammenfassung

Ziel In dieser Pilotstudie wurde die Sicherheit der computertomographie-(CT-)gefiihrten ,,High-dose-rate*~-Brachytherapie
(HDR-BT) bei der lokalablativen Behandlung von nichtresektablen Nierenraumforderungen untersucht.
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Methoden Es wurde die Nierenfunktion von 16 Patienten (11 minnlich, 5 weiblich, mittleres Alter 76 Jahre) mit 20 Nie-
renldsionen (Nierenzellkarzinom n=18; Nierenmetastasen n=2) nach Bestrahlung mittels HDR-BT untersucht. Jeweils
2 Patienten hatten eine vorangegangene kontralaterale Nephrektomie bzw. ipsilaterale Teilresektion. Sechs Lésionen lagen
zentral am Nierenbecken und waren technisch nicht suffizient durch eine thermische Ablation behandelbar. Die Nieren-
funktion wurde innerhalb eines Jahres nach HDR-BT durch Nierensequenzszintigraphien sowie Laborwerte bestimmt.
Weitere Untersuchungen beinhalteten CT und Magnetresonanztomographie (MRT) alle 3 Monate zur Beobachtung der
Sicherheit und Tumorkontrolle. Die Nierenfunktionstests wurden mit dem Wilcoxon-Test mit Bonferroni-Holm-Korrektur
der p-Werte analysiert. Uberleben und lokale Tumorkontrolle wurden mit der Kaplan-Meier-Schiitzung ausgewertet.
Ergebnisse Das mediane Follow-up betrug 22,5 Monate. Ein Patient benétigte permanente Himodialyse 32 Monate nach
wiederholter HDR-BT und kontralateraler Radiofrequenzablation bei multifokalem Nierenzellkarzinom. Keine weiteren
Patienten zeigten eine signifikante Verschlechterung der globalen Nierenfunktion. Es wurden keine gastrointestinalen oder
urogenitalen Nebenwirkungen beobachtet. Ein Patient verstarb durch lokale Tumorprogression. Die lokale Kontrollrate
betrug — einschlieflich wiederholter HDR-BT von zwei Rezidiven — 95%.

Schlussfolgerung Die HDR-BT ist eine technisch machbare und sichere Technik zur lokalen Ablation von Nierentumoren.
Momentan rekrutiert eine Phase-II-Studie eine groflere Patientenpopulation, um die Effektivitit dieser neuen Anwendung

genauer zu untersuchen.

Schliisselworter Nierenzellkarzinom - Brachytherapie - Lokalablative Behandlung - Nierentumore - Nierenfunktion

Introduction

Patients with locally confined renal masses will most likely
undergo partial or total nephrectomy if clinically eligible
[1]. However, up to 25% percent of patients might present
with a contraindication to surgery [2]. In these cases, local
therapies such as radiofrequency ablation (RFA), cryoabla-
tion (CA), or microwave ablation (MWA) are an alternative
option with less treatment-associated morbidity [3, 4].

Computed tomography-guided interstitial high-dose-rate
brachytherapy (HDR-BT) is an ablation technique utiliz-
ing single-fraction irradiation by an iridium-192 source
which is inserted in the tumor via percutaneously applied
catheters. In contrary to thermal ablation techniques, HDR-
BT has no technical restriction in terms of tumor size or
proximity to larger vessels or heat-vulnerable structures
[5-7].

The most common application of CT-guided HDR-BT
today is the radioablation of primary and secondary liver
malignancies, especially hepatocellular carcinoma and col-
orectal liver metastases [8, 9]. A recent study also investi-
gated the application of HDR-BT to adrenal gland malig-
nancies [10].

To our knowledge, this new local ablative technique has
not yet been thoroughly evaluated for the ablation of renal
masses. Thus, we initiated a phase I trial to report the fea-
sibility and safety of HDR-BT applied for renal masses in
patients not eligible for surgery.

Patients and methods
Patient cohort

The institutional review board approved the study prior to
recruitment and all patients gave oral and written informed
consent.

Our study comprises 16 patients with 20 renal masses
(11 male, 5 female, mean age 76 years) treated by HDR-
BT at the Department of Radiology. Prior clinical evaluation
was conducted by the Department of Urology and feasibil-
ity to undergo surgery was omitted in all patients (inade-
quate clinical performance status 7= 6; imminent hemodial-
ysis after surgery n=35; metastatic disease n=35). Tumor en-
tities include renal cell carcinoma (RCC; n=18) and metas-
tases of colorectal carcinoma (CRC; n=1) or hepatocellu-
lar carcinoma (HCC; n=1). Bilateral and multifocal RCC
were present in one patient. Two patients had prior con-
tralateral nephrectomy and ipsilateral partial nephrectomy,
respectively. Concomitant kidney diseases were polycystic
kidney disease (n=1) and horseshoe kidney (n=1).

In summary, inclusion criteria were:

i. renal masses with indication for local treatment (renal
metastases and histologically proven or suspected renal
cell cancer),

ii. ineligibility to undergo surgical treatment (see above)

iii. sufficient performance status to safely undergo inter-
ventional treatment under conscious sedation,

iv. written informed consent,
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16 padent trted on 20 enal N Mean+ SD Range
masses Patient data (N=16)

Sex

Male N=11(69) - -

Female N=5(31) - -

Age (years) - 75.7+13.0 (52-92)

Prior surgery/renal diseases N=6(37.5) - -

Horseshoe kidneys N=1 (6.3) - -

Polycystic kidney disease N=1(6.3) - -

Contralateral total nephrectomy N=2(12.6) - -

Ipsilateral partial nephrectomy N=2(12.6) - -

Treatment data (N=20)

Etiology of renal masses

Renal cell cancer N=18 (90) - -

Colorectal cancer N=1(5) - -

Hepatocellular Carcinoma N=1(5) - -

Tumor size and location

Tla (<4cm) N=15 (75) - -

T1b (>4cm) N=5(25) - -

Cortical/parenchymal localization N=14 (70) - -

Central/hilar localization N=6 (30) - -

Tumor size - 3.5+2.1cm (1.2-9.4cm)

No. of irradiation catheters - 22+1.0 (1-5)

Clinical target volume - 34.8+40.3cm? (3.5-163.3cm?)

D100 - 16.37+2.18 Gy (13.44-21.6Gy)

Primary local tumor control N=17 (85) - -

Secondary local tumor control N=19 (95) - -

Exclusion criteria included:

i. life expectancy <6 months,

ii. estimated dose exposure to organs at risk (OAR) above
local clinical standards (see below)

iii. insufficient laboratory parameters for interventional
treatment (hemoglobin <6.0 mmol/l, thrombocyte count
<50Gpt/l, international normalized ratio >1.5, partial
thromboplastin time >505s)

The patient characteristics are displayed in Table 1.
Radioablation by HDR brachytherapy

To place brachytherapy catheters in a renal mass, the
following procedure was performed under conscious se-
dation using midazolam and fentanyl: The tumor was
punctured percutaneously by an 18 G coaxial needle un-
der CT fluoroscopy (Aquillion, Canon Medical Systems,
Neuss, Germany). Then, a 6F angiographic catheter sheath
(Terumo Radifocus® Introducer II, Terumo Europe, Leu-
ven, Belgium) was inserted through a guide wire (Amplatz
SuperStiff™, Boston Scientific, Marlborough, USA). In
a last step, a OF irradiation catheter (afterloading catheter,
Primed® medical GmbH, Halberstadt, Germany) was
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placed inside the catheter sheath. For the treatment of larger
or complex-shaped lesions, multiple catheter placements
were required for a sufficient geometry of the ablation zone
while reducing the radiation exposure of adjacent organs.
Twenty lesions were ablated in the study, requiring a total
of 43 catheter placements in 16 patients and a median of
2 catheters per lesion (range 1-5). Typical time for the
interventional procedure was 10 to 40min depending on
the complexity of the lesions and percutaneous access. Pre-
treatment medication included an antiemetic prophylaxis
consisting of 8 mg dexamethasone and 8 mg odansetron ad-
ministered intravenously. A routine antibiotic prophylaxis
was not required.

After catheter placement, a multi-slice CT visualized the
catheter position(s) in the renal mass and the imaging data
(axial slices with 3mm thickness) was transferred to the
irradiation planning system (Oncentra® Brachy, Elekta In-
strument AB, Stockholm, Sweden). The gross tumor vol-
ume (GTV) was delineated in a 3D treatment plan by hand
and an automated algorithm generated a 5mm safety mar-
gin to define the clinical target volume (CTV). As the
brachytherapy catheters were fixed within the tumor elim-
inating inaccuracy of respiratory movement, the CTV was
directly adopted as the planning target volume (PTV). Ra-
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Fig. 1 Image data set of Computed tomography-guided brachytherapy for a renal cell carcinoma: a Computed tomography fluoroscopy, im-
age-guided insertion of a coaxial needle for biopsy and subsequent catheter placement; b diagnostic computed tomography displaying the catheter
sheath within the renal mass; ¢ irradiation plan depicting the tip of the iridium-192 source (red line) and corresponding isodoses for radioablation

dioablation was then achieved by a single fraction of 15 Gy
prescribed to the PTV [11]. In local recurrences of a previ-
ously irradiated lesion, a dose escalation for the PTV with
20 Gy was applied [12]. Dose constraints for organs at risk
(OAR) were Dicc <14Gy for stomach and small bowel,
Dicc <18 Gy for large bowel and Vsgy, <66% for the liver,
referring to contemporary literature [13—15].

After completion of the irradiation procedure, catheters
and sheaths were removed, leaving a gelatin sponge in the
catheter path to prevent bleeding. Patients continued fast-
ing and bed rest for at least 4h. To exclude early com-
plications, ultrasonography of the treatment area was con-
ducted 1 to 2h after catheter removal. Scheduled hospital-
ization was 2 days after treatment. Post-treatment workup
included standard laboratory evaluation prior to discharge.
Interventional complications were recorded and assessed
by the Clavien—Dindo classification [16], radiation-induced
adverse events were classified by the Common Terminology
Criteria for Adverse Events (CTCAE 4.02).

A typical imaging data set for HDR brachytherapy is
depicted in Fig. 1.

Imaging

Pretreatment planning was performed by magnetic reso-
nance imaging (MRI) of the kidneys comprising high reso-
lution T1 and T2 sequences (with and without fat saturation)
as well as dynamic contrast-enhanced studies. Additional
tumor sites were assessed by contrast-enhanced computed
tomography (CT) of the thorax and abdomen.

During follow-up, all patients were scheduled for MRI
of the kidneys every 3 months and additional CT if neces-

sary. All imaging datasets were then reviewed for local and
locoregional recurrences.

Renal function tests

Primary endpoint of the study was renal function loss within
1 year after HDR-BT.

Laboratory evaluations were conducted prior to CT-
guided HDR-BT as well as 3 days, 3 months, 6 months,
and 12 months after treatment, including creatinine serum
levels with calculation of the estimated glomerular filtra-
tion rate (eGFR) according to the Chronic Kidney Disease
Epidemiology Collaboration (CKI-EPI) formula. Further-
more, patients underwent dynamic renal scintigraphy with
technetium-99 mercaptoacetyltriglycine (Tc99m-MAG3)
for determination of the tubular extraction rate (TER) at
baseline and 3 months, 6 months, and 12 months after
HDR-BT. The tracer extraction was quantified separately
for both kidneys to assess the ipsilateral and contralateral
effects of radiation exposure by HDR-BT on renal function.

Statistical analysis

Statistical analysis of all data was performed using IBM
SPSS Statistics 22.09 (IBM Corp., Armonk, NY, USA).
Measures for safety (e.g., acute and chronic adverse events)
and efficacy (e.g., technical success) underwent descriptive
statistics. Survival and local tumor control were calculated
by the Kaplan—Meier estimation. All renal function tests
were processed as non-parametric variables and testing was
performed utilizing Wilcoxon’s signed rank test with Bon-
ferroni-Holm correction. All tests were carried out two-
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sided. In data interpretation, p <0.05 was determined as
statistically significant.

Results
Treatment characteristics

Besides two renal metastases (CRC n=1; HCC n=1), all
incidental lesions were proven histologically by prior or
concomitant core needle biopsy as renal cell carcinomas
(RCC n=18). Local tumor stage was Tla (<4cm) in 15 le-
sions and T1b and greater (>4cm) in 5 lesions. Six lesions
had a central localization in or close to the renal hilum and
were not eligible for thermal ablation.

Mean tumor size was 3.5cm (range 1.2-9.4cm), re-
quiring a mean number of 2 catheters for sufficient dose
application (range 1-5). Including a Smm safety margin,
a mean effective tumor-surrounding dose (CTV/D100) of
16.37+2.18 Gy was achieved. Mean irradiation time was
1325+858s (22.1+14.3min).

Concomitant treatments were Y90 radioembolization for
liver-dominant metastatic colorectal cancer (n=1) or syn-
chronous liver metastases of RCC (n=1). One patient un-
derwent prior HDR-BT for multifocal hepatocellular carci-
noma in liver cirrhosis.

A summary of patient and treatment characteristics is
given in Table 1.
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Fig.2 Boxplots representing eGFR (ml/min) at baseline (GFR pre)
and 3 days (GFR 3D), 3 months (GFR 3M), 6 months (GFR 6M),
9 months (GFR 9M), and 12 months (GFR 12M) after HDR-BT; refer-
ence lines depict corresponding KDOQI stages

@ Springer

Renal function analysis

The glomerular filtration rate was assessed by laboratory
evaluation of serum creatinine (eGFR, estimated GFR ac-
cording to the CKI-EPI formula) at baseline and 3 days
after CT-guided brachytherapy, as well as every 3 months
during follow-up. Medians of eGFR demonstrated a de-
crease from 71 ml/min (range 26—125 ml/min) at baseline to
58 ml/min (23—-88 ml/min) after 12 months as demonstrated
by the boxplot in Fig. 2. The reduction of eGFR after HDR-
BT did not meet statistical significance at any time point
(Wilcoxon signed rank test with Bonferroni—Holm correc-
tion). The corresponding KDOQI stages had a median of
2 from baseline to 9 months follow. At 12 months, the
median KDOQI stage decreased to 3 without statistical sig-
nificance (p=0.315). An overview of eGFR and KDOQI
stages is given in Fig. 2.

Tubular excretion rate was determined by renal scintig-
raphy (TER) at baseline and 3 months, 6 months, and
12 months after HDR-BT. Medians for TER decreased from
156 ml/min (range 97-340ml/min) at baseline to a mini-
mum of 108 ml/min (range 108—142ml/min) at 12 months
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Fig.3 Boxplots representing TER (ml/min) at baseline (TER pre),
3 months (TER 3M), 6 months (TER 6M), and 12 months (GFR 12M)
after HDR-BT separated by ipsilateral (HDR-BT of renal mass) and
contralateral kidney. Reference line represents 50 ml/min to visualize
the stepwise decrease in ipsilateral kidney function after HDR-BT and
compensatory increase of contralateral kidney function
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follow-up. Correspondingly, median ipsilateral TER was re-
duced from 52 ml/min (range 37-100 ml/min) at baseline to
33ml/min (range 5-100ml/min) at 12 months follow-up
(p=0.285). The median contralateral TER demonstrated an
increase from 51 ml/min (range 38—63 ml/min) to a maxi-
mum of 95 ml/min (range 57-95ml/min) 12 months after
HDR-BT (p=0.285). A summary of ipsilateral and con-
tralateral TER measurements is depicted in Fig. 3.

Clinical risk assessment

In our cohort, one puncture-related adverse event was ob-
served in a patient suffering hematothorax from bleeding of
an intercostal artery. The patient underwent subsequent lig-
ation and was monitored for 24h at the intensive care unit
(ICU). The patient received 600ml of packed red blood
cells during surgery and antibiotic prophylaxis with ampi-
cillin/sulbactam for 7 days. This single event was rated
as grade IIIb according to the Clavien—-Dindo classifica-
tion and results in a patient-based risk of 6.3% and lesion-
based risk of 5% for 30-day morbidity. No 30-day mortal-
ity or re-hospitalization was observed. Median duration of
hospitalization was 2 days (range 2-9 days). Chronic ad-
verse events occurred in one patient requiring permanent
hemodialysis 32 months after HDR-BT with prior RFA of
the contralateral kidney and a baseline eGFR of 26 ml/min.
All other patients retained sufficient renal function and did
not require hemodialysis during follow-up. Furthermore, no
significant gastrointestinal or urogenital side effects (CT-
CAE grade 3/4 events) or infectious complications were
observed after treatment. Overall, the patient-based risk of
chronic adverse events was 6.3%.
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Fig.4 Kaplan-Meier estimation for overall survival; lines represent
any causes of death: dotted line including extra-renal causes, e.g., car-
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Fig.5 Local tumor control for initial HDR-BT (85%) and additional
HDR-BT in 2 cases of local recurrences (95%). Median follow-up for
imaging was 14.5 months

Survival and local tumor control

Median overall survival was 27.0 months. Censoring ex-
trarenal causes of death (malignant disease in other organs
n=4; aftermath of a fall in elderly patients n=2; cardiopul-
monary events n= 1; intracranial bleeding n = 1), the median
of overall survival was not reached and mean overall sur-
vival accounted for 65.6 months. The Kaplan—Meier chart
for survival is displayed in Fig. 4.

Local tumor control after CT-guided HDR-BT was
reviewed throughout a median imaging follow-up of
14.5 months. Local recurrence was defined as tumor growth
from baseline imaging. We observed a total of 3 local recur-
rences in 20 tumors, equaling a primary tumor control rate
(pLTC) of 85%. Two of these recurrences were successfully
treated by repeated HDR-BT, with dose escalation from 15
to 20Gy yielding a secondary local tumor control rate of
95% (sLTC).

Figure 5 depicts the Kaplan—-Meier estimation for local
tumor control.

Discussion

The primary endpoint of this prospective observational trial
was to assess renal function loss after CT-guided HDR-BT
as a local ablative treatment for renal masses. As a sec-
ondary endpoint, we investigated procedural safety and lo-
cal tumor control in HDR-BT.
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Early and late adverse events

Neither acute radiation-induced effects on renal function
nor any gastrointestinal side effects were observed within
30 days after HDR-BT. One heavily pretreated patient with
known risk factors (treatment of bilateral tumors and severe
kidney dysfunction at baseline [17]) required hemodialy-
sis more than 2.5 years after brachytherapy. All other pa-
tients retained renal function without requiring hemodial-
ysis during follow-up and without significant deterioration
of eGFR—a benefit previously described for thermal abla-
tion techniques [18]. In contrast, a decline in global kidney
function of approximately 10% is commonly seen after par-
tial nephrectomy and typically attributed to perioperative
ischemia and nephron loss [19]. In the surgical setting, an
ipsilateral decrease in renal function of up to 24.4% was
reported, while contralateral compensation accounted for
only 2.3% after partial nephrectomy. Correspondingly, the
increase in contralateral volume was marginal [20, 21]. Our
results suggest a functional hypertrophy in the contralateral
kidney after CT-guided HDR-BT of ipsilateral renal masses
as indicated by scintigraphic measurement of the tubular
excretion rate (Fig. 3). Although these changes obviously
originate from ipsilateral function loss, little is known about
the specific etiology of radiation-induced nephropathy es-
pecially in single-fraction brachytherapy [22]. However, we
hypothesize that the underlying mechanisms may contribute
to a favorable safety profile of radioablation by HDR-BT
in the kidney and our clinical follow-up implies that HDR-
BT is safe in terms of global renal function.

Procedural complication rates in percutaneous radiofre-
quency ablation or cryoablation range from 13.0 to 23.0%,
while major complications are reported in 4.3 and 4.5% of
patients in larger cohorts, respectively [3, 23, 24]. Acute
morbidity by CT-guided catheter placement was compara-
bly low, including one case of puncture-associated bleeding
(Clavien—Dindo grade IIIb; 6.3%).

HDR-BT compared to other ablation techniques

In our study population, one quarter of all renal masses
exceeded the recommendations for thermal ablation (T1b;
>4cm) according to the recent guideline of the European
Association of Urology (EAU) and nearly one third had
a hilar localization that would prohibit radiofrequency ab-
lation. Including these cases not favorable for thermal ab-
lation techniques due to size or location, HDR-BT could
demonstrate a primary local tumor control (pLTC) of 85%,
and secondary tumor control (sLTC) increased to 95% after
treatment of recurrences by repeated HDR-BT. In summary,
local recurrence was comparable to radiofrequency ablation
and cryoablation, as meta-analyses report local tumor con-
trol of 87.1 to 94.8% in small renal masses (Tla; <4cm)
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and thermal ablation techniques [2, 25]. Inferior outcomes
in radiofrequency ablation or cryoablation are reported for
larger or central lesions [24, 26]. The LTC achieved in our
study is also consistent with results of phase I/II trials inves-
tigating stereotactic body radiotherapy (SBRT) as another
form of high-dose conformal irradiation in renal cell can-
cer (LTC ranging from 83 to 98%) [27]. Excellent results
in SBRT were seen in Tla as well as T1b tumors, while
toxicities were limited to grade 1 or 2 events in 18 to 78%
of patients [28-30].

Advantages of SBRT include its noninvasiveness com-
pared to the interventional approach in thermal ablation and
interstitial brachytherapy, unless fiducial markers need to be
placed for tumor tracking. Although procedural morbidity
in interventional techniques is generally low, most reports
of ablative treatments are restricted to lesions in favorable
localizations, as complication rates rise with proximity to
the renal pelvis [31-33]. Comparing both irradiation tech-
niques, dose fall-off and elimination of respiratory motion
by catheter fixation in single-fraction HDR-BT might re-
duce the impairment of healthy renal tissue while fraction-
ating and dose distribution in SBRT might decrease radia-
tion damage to adjacent bowel structures (comparative data
only available for treatment planning in other abdominal
organs) [34-36]. As HDR-BT and SBRT are not standard-
ized in terms of dosage and fractionation, evaluation of
study results is difficult.

In summery, these findings underline the potential of
HDR-BT, as many technical restrictions known for thermal
ablation techniques (e.g., heat-sink effect) do not apply for
radioablation and no radiation-induced side effects on the
renal pelvis and ureter were observed in our study. Given
these technical restrictions of thermal ablation, irradiation
by HDR-BT (as well as SBRT) might not only be a substi-
tute for the ablation of small renal masses (T1a), but may
present a favorable treatment for the local ablation of cen-
tral or large renal tumors (T1b) compared to radiofrequency
ablation or cryoablation [37, 38].

Limitations

Our study comprises only a small cohort of patients with
predominantly higher age and pre-existing renal morbidity
in more than one third. Furthermore, two patients under-
went treatment for renal metastases as a part of systemic
dissemination in advanced tumors. Hence, our study popu-
lation might have been more susceptible to adverse events.
Thus, safety seems to be favorable in CT-guided HDR-BT
based on the presented clinical data. As tumor control might
not last in all patients and statistical analysis of cofactors
(e.g., tumor stage) cannot be conducted in our small cohort,
upcoming investigations should focus on long-term follow-
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up and a dedicated analysis of efficacy depending on tumor
size (Tla vs. T1b).

Conclusion

CT-guided HDR-BT is a feasible technique for the local
ablation of renal masses with encouraging results for safety
and local tumor control, even in masses not eligible for
thermal ablation. A phase II study is currently recruiting to
evaluate the efficacy of this novel local ablative treatment
in a larger study population.
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