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Abstract
The incidence of renal cell carcinoma has
been rising for years, particularly in indus-
trial countries. It is very frequently diag-
nosed at the early stage of T1a, probably
due to better early detection. At the same
time, there is an increasing prevalence of
chronic renal failure with higher morbidity
and shorter life expectancy in those
affected. Both factors underscore the urgent
need for nephron-sparing treatments. The
gold standard has thus shifted from radical
to partial nephrectomy. Given good condi-
tions, the intervention can be performed by
laparoscopy, which offers the advantages of
lower invasiveness. A treatment alternative
can be advantageous for selected patients
with high morbidity and an increased risk
of anesthetic or surgical complications.
Appropriate risk stratification requires
prior histological confirmation of the small
renal mass (cT1a) by assessment of biopsy
specimens. Active surveillance represents a
controlled delay in the initiation of treat-
ment. Percutaneous radiofrequency ablation
(RFA) and laparoscopic cryoablation are
currently the most common treatment alter-
natives, though there are limitations partic-
ularly for central tumors near the renal
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hilum. Newer ablation procedures such as
high-intensity focused ultrasound (HIFU),
irreversible electroporation, microwave
ablation, percutaneous stereotactic ablative
radiotherapy, and high-dose brachytherapy
have high potential in some cases but are
still considered experimental for the treat-
ment of renal cell carcinoma.

Keywords
Small renal masses · Focal therapy · Active
surveillance · Radiofrequency ablation (RFA) ·
Cryoablation · High-intensity focused
ultrasound (HIFU) · Irreversible
electroporation (IRE) · Microwave ablation
(MWA) · Percutaneous radiotherapy · Surgery

Introduction

Renal cell carcinoma is a relatively common dis-
ease in industrial countries like the German Fed-
eral Republic. Factors associated with affluence
such as obesity probably play an essential role. In
Germany, the Society of Epidemiological Cancer
Registers (Gesellschaft der Epidemiologischen
Krebsregister, GEKID) and the Robert Koch Insti-
tute (RKI) predict a continuous increase over the
next few years (Robert Koch-Institut and und die
Gesellschaft der epidemiologischen Krebsregister
in Deutschland e.V. 2015).

Apart from the rising incidence of all types of
cancer with increasing age, there is also an
increase in the incidence of other diseases that
can have a direct or indirect influence on the
clinical course of cancer and particularly also on
renal function. Especially chronic renal failure is
associated a priori with a poorer life expectancy
and a poorer quality of life (Kirchberger et al.
2012).

Radical nephrectomy was historically consid-
ered to be the treatment of choice for renal tumors.
However, it offers no prognostic advantage over
partial nephrectomy, at least for small tumors, and
involves a markedly higher probability of consec-
utive renal failure. Organ-sparing therapy has
therefore been established as the first treatment
choice in the international guidelines during the
last decades. Thus nephron-sparing or renal
function-sparing surgery is regarded as the gold
standard in the guidelines of the German Cancer
Society, the German Urological Association, the
European Association of Urology, and the Amer-
ican Urological Association (Olbert et al. 2015).
In this context, however, a distinction is made
between small renal masses (SRM � 4 cm in
diameter) and large ones. It is only at stage T2,
i.e., over 7 cm in diameter, that removal of the
entire kidney or radical nephrectomy is regarded
as the standard treatment, especially since partial
nephrectomy is generally no longer possible for
tumors of this size (Ljungberg et al. 2016).

Imaging technology has vastly improved in the
course of decades. CT and especially MRI now
enable adequate differentiation between benign
and malignant tumors as well as satisfactory
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staging. This is paralleled by the development of
new treatment techniques suitable for destroying
renal tumors in a minimally invasive manner
without requiring traditional surgery. In particular,
radiofrequency ablation and cryoablation are
already available as treatment alternatives.
Numerous other ablation techniques still consid-
ered experimental are being investigated for their
therapeutic advantage.

Confirming the Diagnosis: From Small
Renal Masses to Renal Cell Carcinoma

Regardless of the clinical picture, patients should
only be expected to endure additional morbidity if
it has therapeutic consequences (Leitlinien-
programm Onkologie (Deutsche
Krebsgesellschaft, Deutsche Krebshilfe, AWMF)
2015). With reference to small renal tumors, this
means that a biopsy to histologically confirm the
image-based diagnosis of an uncertain mass is
only necessary if it helps in selecting the appro-
priate therapy. For a surgical intervention such as
radical or partial nephrectomy, however, imaging
of a morphologically suspicious lesion without
biopsy confirmation is considered an adequate
indication if there are no serious contraindications
for surgical exposure. For alternative treatments
such as the ablations described in the following, a
biopsy is absolutely necessary to compare initial
and follow-up histology. It is unclear how preop-
erative biopsies with negative, i.e., nonmalignant,
histology should be assessed. Basically, it would

seem that surgery could be avoided in such cases.
On the other hand, it is of course possible that the
biopsy did not hit the intended target but only
shows a central necrotic area, for example. The
recommended procedure for solid tumors is a
coaxial double-sleeve core biopsy (18-gauge nee-
dle) outside a possible central tumor necrosis with
histological analysis (Ljungberg et al. 2016).

Cystic tumors are a special entity. They can
already be malignant from category IIF (3–10%,
most often papillary renal cell carcinomas)
according to the morphological Bosniak classifica-
tion system for CT evaluation (Graumann et al.
2015). Such a finding requires at least follow-up
imaging (Visapää et al. 2013). Biopsy of cystic
tumors harbors a high risk of false-negative results
with a low cell density in fluid as well as the
potential risk of a puncture-related needle tract
seeding through cyst fluid leakage (Leitlinien-
programmOnkologie (DeutscheKrebsgesellschaft,
Deutsche Krebshilfe, AWMF) 2015). The proce-
dure recommended to confirm the diagnosis here is
a combination of coaxial core biopsy with histolog-
ical analysis and fine-needle aspiration with cyto-
logical analysis (Ljungberg et al. 2016).

For suspected urothelial cancer of the
collecting system, particularly if centrally located
and/or invading the calyceal system (with or with-
out hematuria), percutaneous biopsy is considered
contraindicated because of the increased risk of
metastases in the puncture canal (Robertson and
Baxter 2011). In such cases, it is essential to
attempt endoscopic confirmation of the findings
on the condition that this will have therapeutic
consequences, as stated above.

Despite the relatively high sensitivity (94–98%)
and specificity (100%) of biopsy for accurately
diagnosing a renal cell carcinoma, there is a high
rate (up to 20%) of false-negative or inconclusive
samples. A negative biopsy (normal parenchyma)
is therefore an indication for repeat biopsy. A 90%
success rate has been described for such a proce-
dure (Ljungberg et al. 2016; Leitlinienprogramm
Onkologie (Deutsche Krebsgesellschaft, Deutsche
Krebshilfe, AWMF) 2015).

Another limitation of biopsy-based diagnosis
with precise determination of the tumor entity is
the intratumoral biological heterogeneity of renal
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cell carcinomas (Höfflin et al. 2015). It is difficult
in some cases to distinguish between basically
benign oncocytomas and oncocytic renal cell car-
cinomas. Besides, the potential of such tumors to
degenerate into cancer is being discussed. Biopsy
of small renal masses usually correlates with the
initiation of therapy (Maurice et al. 2015).

Active Surveillance and Watchful
Waiting

Active Surveillance

The concept of active surveillance (AS) involves
regular follow-up imaging for small localized
asymptomatic renal tumors (SRM, cT1a, �4 cm)
that grow slowly and show a low metastatic ten-
dency. This risk is defined by the tumor size and
the pathological subtype after histological confir-
mation by punch biopsy. Curatively intended
treatment should only be initiated if the tumor
size increases or at the patient’s request. Thus
the active surveillance strategy is directly depen-
dent on the tumor biology and the diagnostic
certainty. There are no objective criteria for
selecting appropriate patients, and no uniform
definition of the precise way in which AS should
be carried out. To correctly determine whether AS
is indicated, it is therefore necessary to consider
comprehensive information obtained in an inter-
disciplinary setting involving urologists, radiolo-
gists, pathologists, and possibly other specialists.
Numerous studies on the progression of small
cT1a renal tumors have revealed a relatively
slow growth rate of 0.2–0.4 cm per year and a
very low metastatic rate of 1–2% in the first 2–4
years of follow-up. However, these data include a
considerable number of histologically
unconfirmed tumors or even tumors histologically
classified as benign and also comprise substantial
heterogeneity within renal cell carcinoma sub-
types (Leitlinienprogramm Onkologie (Deutsche
Krebsgesellschaft, Deutsche Krebshilfe, AWMF)
2015). From a meta-analysis for the subgroup of
biopsy-confirmed pT1a renal cell carcinomas
(n = 120) with a median tumor size of 2.48 cm
(1.7 to 4.0 cm), Chawla et al. calculated a median

growth rate of 0.35 cm per year (0.42 to 1.6 cm per
year) after a mean follow-up period of 30 months
(25 to 39 months), although the initial tumor size
did not correlate significantly with the growth rate
(Chawla et al. 2006). Thompson et al. described a
metastatic rate of 0.13% for renal cell carcinoma
< 3 cm (1/178), although the metastatic risk
increased by 24% per centimeter of additional
growth (Thompson et al. 2009).

Visualization of vascular, capsular, adrenal,
and calyceal invasion is a prognostically unfavor-
able factor and thus a contraindication for
AS. Another adverse factor is biopsy histology
revealing Fuhrman nuclear grade 3–4 (high-
grade) clear cell or non-clear cell renal cell carci-
noma. Anatomical classification systems like the
PADUA score (preoperative aspects and dimen-
sions used for anatomical classification), the R.E.
N.A.L. score (radius, exophytic/endophytic, near-
ness to collecting systems or sinus, anterior/pos-
terior, and location relative to polar lines), or the
C-index can also provide early indications for
surgery or the type of surgery and can thus be
helpful in making the decision for or against AS
(Camacho et al. 2015).

There is no tumor marker for monitoring renal
masses; the concept of repeat biopsy to monitor
renal tumors during AS has not been established
either. Therefore, AS is generally performed only
with follow-up imaging (Leitlinienprogramm
Onkologie (Deutsche Krebsgesellschaft,
Deutsche Krebshilfe, AWMF) 2015).

Unfortunately, there is also no recommended
scheme for the imaging modality or time interval.
Depending on the risk of progression, it may be
expedient to adapt the follow-up scheme to the
schemes recommended by current guidelines for
postoperative care after successful surgical treat-
ment of renal cell carcinoma (Ljungberg et al.
2016; Leitlinienprogramm Onkologie (Deutsche
Krebsgesellschaft, Deutsche Krebshilfe, AWMF)
2015).

In staging the upper body, conventional non-
contrast computed tomography (CT) tends to be
advantageous for diagnosing abdominal condi-
tions, while magnetic resonance imaging (MRI)
tends to be the better for further differentiating
malignancy and grading (Vargas et al. 2013;
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Hallscheidt et al. 2004). Image-based monitoring
during active surveillance should be carried out at
least once a year. Retrospective studies and meta-
analyses, but no prospective randomized study
data, are available on AS of small renal masses
and pT1a renal cell carcinomas. Moreover, no
large series or meta-analyses have been performed
to investigate biopsy-confirmed pT1a renal cell
carcinomas during AS (Leitlinienprogramm
Onkologie (Deutsche Krebsgesellschaft, Deutsche
Krebshilfe, AWMF) 2015).

Jewett at al. analyzed a progression rate of
0.13 cm per year and a metastatic rate of 1.1%
in 101 biopsy-confirmed pT1a renal cell carcino-
mas over a median follow-up of 28 months (Jew-
ett et al. 2011). Lane et al. found no significant
survival difference between AS and surgical
treatment with partial or radical nephrectomy
for small renal masses in 537 patients with a
mean age �75 years. However, only 4% of
148 deaths during a median follow-up of 3.9
years were attributed to clinical progression of
renal cell carcinoma (Lane et al. 2010).
Pierorazio et al. found that quality of life did
not differ between immediate treatment and
active surveillance groups after one year of
follow-up (Pierorazio et al. 2013). In general,
AS is not recommended for renal tumors >4cm
with ill-defined margins and/or marked inhomo-
geneity or for biopsy-confirmed aggressive renal
cell carcinoma or nonmorbid patients with a long
life expectancy and morphologically suspicious
imaging findings. In clinical use, however, active
surveillance is now retreating more and more
into the background in view of the alternative
procedures for local ablation described in the
following.

Watchful Waiting

In patients with a low life expectancy (e.g., due to
old age or very high comorbidity), follow-up of an
incidentally detected asymptomatic tumor would
cause unnecessary psychological stress without
having therapeutic consequences. Therefore, a
wait-and-see strategy without targeted diagnostic
or therapeutic measures should be considered in

such cases. This watchful waiting or wait-and-see
approach differs fundamentally from active sur-
veillance. Factors that can lead to diagnostic pro-
cedures and/or therapy include symptoms such as
bone pain caused by bone metastasis or hematuria
caused by collecting system invasion. The aim
here should be purely palliative treatment – for
example, radiotherapy for pain relief or emboliza-
tion/local ablation of the abnormality causing the
symptoms. Such a watchful waiting strategy
should be accompanied by a procedure known as
best supportive care. This includes general sup-
port measures such as nutrition counseling, phys-
iotherapy, or targeted pain therapy. Since by
definition there are no follow-up imaging exami-
nations or objectifiable quality-of-life parameters,
such a procedure cannot be substantiated by large
published series.

Ablation

Guideline-Based Ablation Procedures

Radiofrequency ablation (RFA) and cryoablation
(CA) are evaluated as alternative curative
treatment options for small renal tumors in the
guidelines of the German, European, and Amer-
ican urological and radiological associations.
The greatest amount of data is available here
because these techniques have been used for
such a long time; however, there are no data
from prospective studies or even randomized
controlled trials (Whitson et al. 2012). Apart
from effectiveness for tumor control, assessment
of the complication rates and quality of life plays
an important role. Direct comparison of RFA and
CA revealed no superiority of one procedure
over the other in terms of disease-specific,
relapse-free, or overall survival (Ljungberg
et al. 2016). Decisive for the success and com-
plication rate is the location and size of the
renal tumor. Camacho et al. demonstrated that
an R.E.N.A.L. score > 8 results in a higher local
relapse and complication rate with RFA and CA
(Camacho et al. 2015).

A definitive assessment of the two procedures
as treatment alternatives cannot be made in the
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current data situation. Therefore, this treatment
option is not recommended at present for non-
central T1a renal tumors in older patients with
high morbidity and corresponding surgical or
anesthetic risks and contraindications (Ljungberg
et al. 2016; Leitlinienprogramm Onkologie
(Deutsche Krebsgesellschaft, Deutsche
Krebshilfe, AWMF) 2015).

Radiofrequency Ablation (RFA)

RFA is a hyperthermal ablation technique in
which a high-frequency alternating current
(375–400 kHz) causes ionic agitation via active
electrodes with resultant frictional heat (Joule
effect) reaching 100 �C and consecutive coagu-
lation necrosis in the target tissue. This frictional
heat is conducted radially outward from the elec-
trode into the tissue (conduction principle). On
the whole, temperatures of 50–105 �C are
reached with a multivarying effect. At low tem-
peratures, there will be protein denaturation,
chromosomal alterations, damage to cellular
membranes and organelles, and damage to the
vascular system. High temperatures of around
100 �C lead to coagulation, vaporization, and
carbonization of tissue (Duffey and Kyle Ander-
son 2010). Electrodes applied are monopolar or
bipolar probes, compact single, cluster, or pref-
erentially expandable guard electrodes of vari-
ous sizes.

RFA was first applied in 1997 (Zlotta et al.
1997). The probe type, application time, and tem-
perature level influence the size and homogeneity
of the ablation zone. Zones ranging up to 7 cm can
be achieved. A safety margin of 5–10 mm around
the visualized mass is recommended. RFA has
limited applicability for central renal cell carcino-
mas because of their proximity to the hilum and
the associated risk of perforation. Heat loss
through blood and urine flow (heat-sink convec-
tion) should also be taken into account. Prior
transarterial embolization of the target and margin
tissue can serve to reduce the heat-sink effect
through renal arteries.

Open-surgical, percutaneous, and laparoscopic
RFA approaches have been described.

Percutaneous RFA is the energy-based ablation
method most commonly applied for alternative
treatment of renal cell carcinoma. It is technically
easy to perform and takes relatively little time
(10–20 min).

RFA applicators can be monitored by CT or
MRI real-time scanning. RFA is performed pri-
marily under local anesthesia with analgesia and
sedation. Target temperatures of about 80 �C for
8–10 min are required within the operating tem-
perature range to hyperthermally destroy tissue as
completely as possible.

The occasional inhomogeneity and varying
vascularity of renal tumors can sometimes lead
to incomplete ablation (skipped lesions) through
the above-described heat-sink effect with consec-
utive impedance jumps in the energy flow
(Klingler et al. 2007). Thus, despite formally ade-
quate application of the technique, the primary
success rate is not 100% but only 90–100%,
depending on the size and location of the tumor
(Zagoria et al. 2011). The prospects of success are
greater for smaller tumors (SRM < 3 cm) and
especially for those located in the cortex. Diverse
studies describe a progression/local relapse rate of
2–12% for pT1a renal cell carcinomas in the first
5 years (Kunkle and Uzzo 2008).

An advantage of ablation techniques in gen-
eral is that they can be repeated. A secondary
success rate of nearly 100% has been described.
The probability of metastatic spread after RFA is
comparable to that associated with an active sur-
veillance strategy (metastasis-free and disease-
specific survival rates of 95–99%) (T racy et al.
2010). Mostly only minor complications occur
after renal RFA and are expected in 0–20%. As
mentioned above, proximity to the renal
collecting system or large vessels poses a risk,
and therefore RFA is not recommended in these
cases because it can result in perforations, fistu-
las, or strictures (Wah et al. 2014). Outcomes of
RFA are comparable to those of partial nephrec-
tomy with the reservation that there have been no
prospective randomized controlled trials (Takaki
et al. 2010). However, expansion of the indica-
tions for RFA, possibly even beyond T1a tumors,
is to be expected as more and more long-term
data become available.
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Cryoablation

Cryoablation (CA) is the only hypothermal abla-
tion procedure and was first applied in 1995 as the
oldest of the procedures discussed here (Uchida
et al. 1995). A cryoprobe is inserted to carry out
active freeze-thaw processes with temperatures
dropping to -70�C and rising above 0 �C. Subse-
quent cell dehydration and mechanical disrup-
tion through ice crystal formation in the tissue
are accompanied by hypoperfusion-related
ischemia that ultimately leads to coagulation
necrosis in the target area. In contrast to hyper-
thermal ablation, CA does not provide adequate
hemostasis and thus involves an increased risk
of bleeding. Like RFA, CA has only limited
applicability for centrally located renal cell car-
cinoma because of its proximity to the renal
hilum and the collecting system. Thermoregula-
tion takes place via gas-filled cryoprobes with a
thermally insulated shaft and noninsulated tip,
utilizing the so-called Joule-Thomson effect
(density- and pressure-related temperature
change). Argon gas (�180 �C) is used for freez-
ing and helium gas for thawing. Depending on
the tumor size, 3–5 cryoablation needles and
2 thermal sensors are placed under image
guidance. A safety margin of 5–10 mm is
recommended. As described for RFA, the cold-
sink effect can compromise the treatment success
here too through impedance jumps (Berger et al.
2009). The cold-sink effect can also be reduced
for CA by prior transarterial embolization
(Duffey and Kyle Anderson 2010).

Like RFA, CA has also been applied using
open-surgical, percutaneous, and laparoscopic as
well as transluminal and endoscopic approaches.
In contrast to RFA, the laparoscopic intervention
under general anesthesia is the most widespread
technique, though the procedure is currently very
rarely performed in Europe. The surgical com-
plexity is high because, like in laparoscopic partial
nephrectomy, the kidney has to be surgically
exposed so that the needles can be precisely
placed in the tumor. After CA has been performed,
the ice ball is mechanically compressed for
5–10 min and then visually monitored for another
5–10 min under reduced intra-abdominal gas

pressure. Hemostasis can be achieved using liquid
or solid hemostyptics or glue; persistent bleeding
can also be treated with other surgical procedures
such as circular suturing (Gill et al. 2003).

The primary success rate of CA ranges
between 90% and 100% for small renal masses
(Atwell et al. 2008). For technical reasons, the
success rate depends on the tumor size and loca-
tion; in analogy to RFA, the best results are
obtained for tumors < 3 cm and located in the
peripheral cortex (Georgiades et al. 2008).
Diverse studies have described a progression or
local relapse rate ranging between 3% and 17%
for T1a tumors in the first 5 years (Atwell et al.
2008; Georgiades et al. 2008; Pirasteh et al. 2011).
Thus, in terms of metastasis-free or disease-
specific survival, CA also does not differ substan-
tially from purely conservative treatment methods
such as active surveillance. The complication rate
is low at 2–19%, and mostly only minor compli-
cations occur here as well (Gill et al. 2005). The
technical and surgical complexity is much greater
than with percutaneous radiofrequency ablation.
Moreover, the materials are far more expensive,
so that the technique is now performed in only
very few centers.

Other Potential Alternative Ablation
Techniques

High-Intensity Focused Ultrasound
(HIFU)

High-intensity focused ultrasound (HIFU) is a
hyperthermal ablation procedure with tempera-
tures of over 80 �C. A parabolic reflector is used
to focus ultrasound waves of a piezoelectric crys-
tal (1–4 MHz, pulse duration 4–6 s, peak energy
2000 kJ/cm (Kirchberger et al. 2012)) on the
target tissue. This subsequently leads to coagula-
tion necrosis as with radiofrequency ablation. Per-
cutaneous HIFU therapy uses the so-called split-
beam technology (external HIFU probe with inte-
grated ultrasound coupling) for ablation at a pen-
etration depth of 3.5–8.0 cm. Such a measure
usually requires general anesthesia. Percutaneous
HIFU is technically difficult to apply, however,

562 M. Schostak et al.



due to factors such as respiration-induced kidney
motions, acoustic window limitations through sig-
nal loss across bone, and dynamic manual ultra-
sound control (Wu et al. 2003; Ritchie et al. 2010).

Laparoscopic HIFU therapy may circumvent
this problem. In analogy to laparoscopic
cryoablation, however, this requires laparoscopic
exposure of the entire kidney. The HIFU trans-
ducer is relatively large (18 mm in diameter). We
are dealing here with a HIFU probe (“side firing
dual focal length,”Misonix, Inc., USA). During a
10–40 min procedure, the tumor is ablated at a
temperature of > 90 �C under real-time ultra-
sound monitoring. Klingler et al. performed sur-
gical resection of the ablated tumor after
laparoscopic HIFU. Ablation was found to be
complete in four and incomplete in three of
seven patients (Klingler et al. 2008). The HIFU
procedure was uneventful in these seven patients.
Ritchie et al. analyzed 12 patients with small renal
masses (median 3.8 cm, 2.0–4.7 cm, 2 endophytic
tumors, 10 exophytic cortical tumors,
4 oncocytomas, and 8 renal cell carcinomas)
after uneventful laparoscopic HIFU followed by
laparoscopic partial nephrectomy. In eight cases,
ablation was incomplete with primarily subcapsu-
lar residues (skipped lesions) (Ritchie et al. 2010).
The data situation for high-intensity focused ultra-
sound as a therapy for small renal masses is very
limited, and there is a high rate of incomplete
ablations in this small series.

Irreversible Electroporation

Irreversible electroporation (IRE) is a relatively
new minimally invasive nonthermal technique for
tissue ablation. Here a local critical electrically
induced disturbance of the cell membrane dipole
potential causes irreversible membrane pore for-
mation. This leads to a permanent increase in cell
membrane permeability and a loss of cell homeo-
stasis with consecutive cytolysis within 1–7 days.
Via 2–6 needles, 90–100 high-energy ultrashort
rectangular high-voltage pulses per electrode pair
(at least 90 per pair, 1.500–3.000 V, current
strength 30–50 A, pulse duration 70–100 μs) are
locally applied under endotracheal anesthesia

with complete muscle relaxation and ECG trig-
gering. Through the postulated all-or-none reac-
tion starting at a “critical” induced transmembrane
potential and the cellular effect (sparing the
matrix), the ablated area should exhibit a very
small transition zone and sharp delineation
between treated and surrounding tissue (Rubinsky
2010). In 2007, IRE (NanoKnife® system;
AngioDynamics Inc, 2–6 needle electrodes) was
granted approval for clinical application (general
approval for soft tissue tumors). Previous experi-
mental and phase-1 publications were able to
demonstrate safe application with sparing of the
collecting system and renal vessels. In seven
patients submitted to CT-guided IRE for pT1a
renal cell carcinoma (1.6–3.1 cm), Thomson
et al. found five cases of complete ablation and
two cases of tumor progression (29%) by follow-
up CTafter 3 months (Thomson et al. 2011). After
CT-guided IRE of 20 peripheral T1a renal tumors
(1.5–2.9 cm; including 13 biopsy-confirmed renal
cell carcinomas), Trimmer et al. identified residual
tumors by CTorMRI morphology in 2 of 20 cases
after 6 weeks (10%) as well as a biopsy-confirmed
relapse in one of 6 cases after one year (17%)
(Trimmer et al. 2015).

First post-resection histological results
4 weeks after IRE of biopsy-confirmed solid
pT1a renal cell carcinomas were presented in a
phase 2a trial by Wendler et al. Resected tumor
samples after IRE showed massive tumor damage
without evidence of viable tumor remnants. How-
ever, in contrast to previous assumptions, affected
nontumorous renal tissue displays side effects
such as intimal hyperplasia with large-vessel
occlusions in the perifocal area and renal papillary
necrosis (Wendler et al. 2015a, 2015b). These first
preliminary study results suggest that percutane-
ous ablation of solid renal cell carcinomas by IRE
requires further technical optimation but is basi-
cally possible and also favorable as a nephron-
sparing therapy for central tumors.

Microwave Ablation

In microwave ablation (MWA), energy is deliv-
ered to target tissue by induction of frictional heat.
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Through its dipole moment, rotational motion is
caused by dielectric hysteresis (rotating dipoles)
at a frequency of 915–2,450 MHz via a micro-
wave generator (45–200 watts) and appropriate
antennas. This generates local temperatures of at
least 100 �C and ranging above 150 �C over
10–15 min.

Hyperthermia results in coagulation necrosis
with a radius of damage that varies according to
the antenna geometry. The literature contains
numerous experimental animal studies on
in vivo renal tissue but only a few clinical studies
on microwave therapy of small renal masses
(Floridi et al. 2014). After percutaneous
ultrasound-guided MWA in 98 patients with
pT1a renal cell carcinomas (0.6–4 cm), Yu et al.
found a success rate of 97% over a median period
of 26 months and progression in only one case
after 32 months. The major complication rate was
1.7% (Yu et al. 2015).

Moreland et al. treated 53 patients with biopsy-
confirmed pT1a renal cell carcinoma (0.8–4.0 cm)
by percutaneous ultrasound-guided MWA.
Follow-up CT or MRI examinations were carried
out in 38 patients after 8 months. None of the
cases showed a local relapse. The clinical exami-
nation revealed a significant change in renal func-
tion in six cases (11.3%) (Moreland et al. 2014).
Due to its specific mode of action in stimulating
water molecules, MWA may be a particularly
suitable ablation method for cystic renal tumors
or complicated/malignant renal cysts. Carrafiello
et al. found an ablation rate of 100% and no
relapses over a period of 24 months after percuta-
neous CT- or ultrasound-guided MWA in seven
patients with Bosniak III or IV cysts (1.4–2.7 cm)
(Carrafiello et al. 2013). Given the high technical
complexity and the relatively large antennas,
MWA has thus far been unable to prevail over
other percutaneous hyperthermal ablation tech-
niques, particularly RFA.

Percutaneous Radiotherapy

Primary percutaneous radiotherapy for focal treat-
ment of localized renal cell carcinoma is histori-
cally regarded as ineffective and thus useless. The

basis for this is the relatively high radiation resis-
tance of renal cell carcinoma and the high toxicity
in radiosensitive adjacent organs (small and large
bowel) due to the lack of tissue-sparing potential.
Technological advances enable more precise
hypofractionated irradiation (radiosurgery)
known as stereotactic ablative radiotherapy.
Treatment is delivered in one fraction or only a
few fractions (24–40 Gy in 1–5 fractions with
4–25 Gy per fraction). Robot-assisted linear
accelerators are applied as well as modern immo-
bilization measures and new computer-based radi-
ation geometry with 3D and 4D simulation,
respiratory triggering, fiducial markers, cone
beam imaging, intensity-modulated radiotherapy
(IMRT), etc.

As opposed to conventional radiotherapy,
which induces apoptosis by DNA damage, stereo-
tactic radiotherapy acts on various cellular struc-
tures and signaling pathways with consecutive
lethal nonthermal damage. Campbell et al. sum-
marized the results of 14 studies published from
2003 to 2015 in which stereotactic ablative radio-
therapy (SABR) of localized renal cell carcinomas
was performed in 138 patients with 166 T1a-T1b
tumors (Campbell et al. 2015). A conclusive uni-
form assessment, however, is strongly limited by
the great heterogeneity of the tumor data and
treatment regimens as well as the assessment
criteria. The authors conclude that primary
SABR may be a future treatment option for local
renal cell carcinoma.

Brachytherapy

Brachytherapy (BT) delivers very high radiation
doses to target tissue via temporarily implanted
radiation sources. The typical steep dose reduc-
tion can prevent high and unwanted radiation
exposure of surrounding tissue. In image-guided
afterloading, initially inactive applicators are
placed under CT scan real-time monitoring und
then secondarily loaded with the divergent radia-
tion source via the afterloader. An exact radiation
therapy plan (dose distribution) is calculated via
the position and dwell time of the applicators.
High-dose rate brachytherapy (HDR-BT) is
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characterized by a continuous high-dose rate
(HDR > 12 Gy/h), Iridium-192 currently being
the isotope most commonly used for beta therapy.
This leads to lethal nonthermal cell damage by
acting on various cellular structures and signaling
pathways.

After positioning the brachytherapy catheter
via fixed valve introducers (e.g., angiography
introducers) inserted by the Seldinger technique
under intravenous analgesia and sedation, a
contrast-enhanced planning CT or MRI scan
(breath-hold technique, section thickness �
5mm) is acquired to determine the exact location
in relation to tumor extension (coordinates x, y, z).
The irradiation time of about 20–90 min is depen-
dent on the tumor volume (TV); ideally 100%
(D 100) of the target volume (TV + safety margin
of a few millimeters) should be covered by the
intended dose. If necessary, underexposed tumor
areas are treated again in a second session.

This technique enables treatment of irregularly
shaped tumors without size limitation and regard-
less of respiratory motion. No clinical data have as
yet been published on percutaneous HDR-BT for
treatment of localized renal cell carcinoma. The
irradiation of renal cell carcinomas and the toler-
ance dose of nontumorous renal parenchyma are
currently being investigated in a prospective
phase I/II trial (Ricke et al., University of Magde-
burg, Germany) (Bretschneider et al. 2012).The as
yet unpublished interim results show good con-
trollability and a good response of renal cell
carcinomas.

Surgery

Partial Nephrectomy and Renal Tumor
Enucleation

Renal tumor resection is regarded as the treatment
of choice, but partial nephrectomy (PN, nephron-
sparing surgery) should be performed whenever
possible. In experienced centers, laparoscopic and
open interventions do not differ with regard to
overall or cancer-specific survival. However, lap-
aroscopy is associated with a smaller
intraoperative blood loss and a shorter hospital

stay than open surgery (Ljungberg et al. 2016;
Gill et al. 2007).

The indication with regard to the access path
strongly depends on the patient’s constitution, the
location of the tumor (R.E.N.A.L. score), and,
above all, the surgeon’s experience with laparo-
scopic nephrectomy. Consecutive urine output is
not dependent on the access. Despite shorter oper-
ation and ischemia times with open PN with a less
marked postoperative decrease in GFR and, on the
other hand, lower morbidity with laparoscopic
PN, no difference in the degree of renal failure
was found after a follow-up period of 3.6 years
(Muramaki et al. 2012).

The most important outcome parameter is the
ischemia time of healthy renal parenchyma
spared, which has to be as short as possible for
maximum preservation of renal function. Cooling
(cold ischemia) is recommended for an expected
ischemia time of more than 25 min. Zero ischemia
partial nephrectomy can be performed when a
tumor is more favorably, especially peripherally,
located and heavy bleeding is not expected (Gill
et al. 2011). Furthermore, a maximum of healthy
parenchyma should be spared in the sense of a
possible tumor enucleation (nephron-sparing
surgery).

Meta-analyses after partial nephrectomies or
tumor enucleations show a rate of 0–7% for pos-
itive resection margins, most of which appear to
have no influence on the relapse rate or the cancer-
specific or overall survival rate (Marszalek et al.
2012). Therefore, current guidelines recommend a
simple follow-up rather than repeat surgery. Com-
parative studies have not yet been conducted to
assess the value of laparoscopic single-port PN or
other laparoscopic techniques such as robot-
assisted PN.

Conclusions for Clinical Practice

1. Partial nephrectomy is the gold standard for
small renal tumors if there is no
contraindication.

2. With good image accessibility, active surveil-
lance with or without histological monitoring
is also a possible alternative. This is
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recommended only for selected patients with
low-risk renal cell carcinoma < 3 cm.

3. As a “non-therapy,” watchful waiting is a via-
ble option for older and comorbid patients
whose renal tumor will probably have no
consequences.

4. There are numerous alternative ablation pro-
cedures, but only radiofrequency ablation and
cryotherapy are guideline approved.

5. All other procedures, as, for example, IRE, are
currently considered experimental.
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