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�Introduction

Kidney cancer is among the ten most common 
cancers in men and women, accounting for 
approximately 62,700 of new cases and 14,240 
deaths per year in the United States [1]. Due to 
the increased use of cross-sectional imaging for 
abdominal imaging in recent decades, there has 
been a significant rise in the incidental detection 
and subsequent treatment of renal cortical neo-
plasms (RCN) [2]. The majority of RCN are dis-
covered in early stages resulting in a paradigm 
shift in the management of small renal mass 
(SRM) (T1a). Historically, the standard treat-
ment for all RCN, including SRM, was radical 
nephrectomy, although the management of RCN 
has evolved with the advancement of minimally 
invasive technology. The development of laparo-
scopic nephrectomy (LRN) in the 1990s—a tech-
nique first described by Clayman, Kavoussi, and 
colleagues—commenced a new era in treatment 
of RCN [3]. Consequently, LRN became the pre-
ferred treatment option for RCN. The pervasive 
use of LRN, however, led to two major sequelae. 
First, radical nephrectomy (RN) by any tech-

nique resulted in diminished renal function, 
which has been associated with poor cardiovas-
cular outcomes, and decreased survival [4–7]. 
Second, insight into the natural history and pro-
gression of SRM was impeded due to the exten-
sive use of RN.

Partial nephrectomy (PN) gradually emerged 
as a viable alternative to RN in the treatment of 
RCN, representing a nephron-sparing approach 
capable of averting chronic kidney disease 
(CKD) and cardiovascular sequelae associated 
with RN.  Evidence of excellent outcomes fol-
lowing partial nephrectomy for SRM led the 
American Urological Association (AUA) to rec-
ommend that partial nephrectomy become the 
gold standard for all T1 (≤7  cm) lesions when 
surgically feasible [8].

Recently, further advances in minimally 
invasive technology have expanded the spec-
trum of available treatment modalities for 
SRM.  Treatments now include laparoscopic 
PN (LPN) and robot-assisted PN (RAPN), in 
addition to ablative modalities and active sur-
veillance. While PN remains the current gold 
standard treatment for RCN [9], thermal abla-
tion (TA) has emerged as a viable, less-inva-
sive alternative to surgical extirpation, for 
patients who are poor surgical candidates, 
those with bilateral tumors or functioning sol-
itary kidney. Cryoablation (CA), which may 
be delivered both laparoscopically (LCA) or 
percutaneously (PCA), and radiofrequency 
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ablation (RFA) represent two TA modalities 
that have been best studied. Long-term retro-
spective studies regarding the efficacy of CA 
and RFA are emerging, allowing assessment of 
their viability as alternatives to PN.  Several 
other TA technologies have also been devel-
oped, including high-intensity focused ultra-
sound (HIFU), laser interstitial thermal 
ablation, radiosurgery, and microwave abla-
tion. In contrast to CA and RFA, few studies 
have addressed the efficacy of these 
approaches. This chapter will focus on LCA, 
PCA, and RFA, highlighting their indications, 
surgical approaches, and long-term oncologi-
cal outcomes as therapeutic options for SRM.

�The Small Renal Mass Dilemma

With the advancement of minimally invasive 
techniques, several treatment modalities are now 
available to patients for the treatment of 
RCN. While large RCN (> 4 cm lesions) are fre-
quently extirpated by either PN or RN, determin-
ing the optimal approach for SRM (≤ 4  cm 
lesions) is more complex. In addition, consider-
ing factors such as patient age, patient prefer-
ence, tumor size, and physician preference, 
among others, there may be a role for renal mass 
biopsy in influencing treatment decisions. In cur-
rent AUA guidelines (updated 2011), active sur-
veillance (AS), TA approaches (e.g., CA and 
RFA), and PN are all considered viable treatment 
options for T1a and T1b tumors, although PN 
remains the gold standard treatment.

As the literature on SRM has matured, the 
natural history of SRM is gradually being eluci-
dated. It is now known that approximately 20 % 
of SRMs are benign, while another 50–60 % dis-
play low-grade features, and the remaining 
20–30  % display aggressive features [10–12]. 
Given that a significant percentage of SRMs are 
benign or relatively indolent, surgical interven-
tion may now be delayed or avoided following 
appropriate diagnostic workup.

A large series recently published by our 
group indicated that most SRMs grow slowly, 
with a growth rate of 0.34 cm/year and low met-

astatic rate (1.9 %), suggesting that AS is a rea-
sonable treatment option for RCN in older 
patients [13]. Similarly, another study reported 
comparable findings with SRM having an 
annual tumor growth rate of 0.31  cm/year and 
1.4 % metastatic rate [14]. The AUA guidelines 
panel concluded these rates of metastasis were 
sufficiently low and concluded that AS is a rea-
sonable option in certain patient populations. 
Recent studies now point to expanding the use 
of AS.  A study by Patel and colleagues sug-
gested that AS appears to provide oncological 
efficacy equivalent to surgery, at least in the 
short- and intermediate-term management of 
SRM—a finding that requires confirmation in 
further studies [15]. It is now also thought that 
T1b and T2 renal tumors demonstrate similar 
growth rates compared to smaller T1a tumors. 
Growth rates for these tumors were found to be 
0.58 cm/year, and this suggests AS may repre-
sent a viable treatment option even in larger 
renal tumors and should be considered in 
patients presenting with significant competing 
risks or limited life expectancy [16, 17].

Partial nephrectomy remains the current 
gold standard treatment of T1a renal cell carci-
noma (RCC), although long-term follow-up 
data on CA and RFA and results from emerging 
studies involving AS may warrant reassessment 
of treatment indications. As data continues to 
emerge and the role of renal biopsy has been 
expanding, the algorithm of directing the urolo-
gist toward immediate nephron-sparing surgi-
cal extirpation may continue to be amended to 
support increased use of AS and ablative ther-
apy. Patients seeking to avoid surgical resection 
can now be directed toward ablative therapy, 
given promising long-term data supporting its 
routine use. With the guidance of renal biopsy, 
AS also must be considered a viable alternative 
both as a strategy in initial management of non-
aggressive SRM and in management of small 
recurrences following ablative or extirpative 
therapy. In the elderly, given the morbidity of 
active treatment, it is recommended that AS 
should be instituted followed by a minimalistic 
approach, such as ablation in those patients 
who progress or do not tolerate AS [18].
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�Renal Biopsy

Traditionally, most solid RCN were presumed to 
be malignant and treated with surgical extirpa-
tion. However, contemporary series have demon-
strated that only 80 % of tumors less than 4 cm 
are malignant and that only a minority are high 
grade with potentially aggressive features [12]. 
Given the knowledge that at least 20 % of tumors 
are benign or relatively indolent, with proper 
diagnostic workup, there are many instances in 
which surgical intervention can be delayed or 
avoided completely [19]. The prediction of histo-
pathology based on preoperative imaging such as 
computed tomography (CT) or magnetic reso-
nance imaging (MRI) is limited and contempo-
rary imaging modalities do not provide sufficient, 
reliable, and reproducible information for differ-
ential diagnosis of benign tumors, except for 
angiomyolipoma [20]. Percutaneous renal mass 
biopsy (RMB) has emerged as a reliable and safe 
diagnostic procedure to preoperatively character-
ize the histology and grade of SRMs. With a vari-
ety of treatment modalities available for SRMs, 
including AS, extirpative surgery, and TA tech-
nologies, indications for a RMB are expanding. 
Several studies have used RMB as a guide in 
treatment decisions in the management of 
patients with RCN [21–23].

The overview of contemporary series of 
RMB is provided in Table 2.1 [23–34]. 
Diagnostic rate and accuracy of SRM biopsy 
have steadily improved, and in contemporary 
series, it may be greater than 90  %. This is 
related to accumulating and growing experience 
with the procedure, continuous improvement in 
biopsy techniques, and facilitating technology 
[24]. Contemporary technology now allows the 
assessment of the histopathology of renal 
masses to properly counsel the patients and 
select the optimal treatment strategy [35]. 
Although minimally invasive treatment options 
for RCC have expanded, preoperative diagnosis 
is crucial for their proper use. According to 
meta-analysis performed by Kutikov and col-
leagues, only 75.8 % of patients who underwent 
CA had proven malignancy during intraopera-
tive biopsy [36]. More than 20  % of patients 

who have had a benign histopathology with no 
potential threat to the patient still underwent 
ablative procedures. This and many other 
reports again raise a concern of an overtreat-
ment of many indolent SRMs. Surgical resec-
tions or ablation may not be necessary for 
benign and certain indolent malignant RCN. In 
a study by Hu and colleagues, who evaluated 
the role of biopsy in the management of 206 
patients with SRM, the diagnostic rate was 
89  %. Of these, 84  % of patients who had 
biopsy-proven benign disease avoided any sur-
gical intervention and were actively surveyed 
[35]. The consequences of indeterminate biopsy 
results are unknown and challenging to define. 
It is impossible to determine the relationship 
between the indeterminate and negative biopsy 
results if the patient did not undergo surgical extir-
pation. This topic is increasingly becoming one of 
concern [37]. Jewett and colleagues performed a 
repeat biopsy on patients with initially non-diag-
nostic biopsy results and demonstrated a malig-
nancy diagnostic rate of 80 %, which was similar 
to initial biopsy rate [25]. This study has demon-
strated that repeat RMB is feasible, safe, and can 
be expected to identify tumors with a similar suc-
cess rate as the initial overall biopsy cohort.

Additionally, percutaneous RMB has been 
reported to be safe with the overall mean rate of 
minor and major complications of 5  % and 
0.02 %, respectively (Table 2.1). In experienced 
centers, most complications are limited to local 
hematoma with minimal morbidity. With the 
contemporary facilitated ultrasound (US) tech-
nology and properly selected patients, the proce-
dure can be performed in less than 15 minutes in 
an outpatient office setting [35].

Preoperative histopathological diagnosis of 
SRM with percutaneous biopsy along with other 
patient-related factors such as age, tumor size, 
and existing patient comorbidities is crucial in 
the decision-making process and selecting the 
most optimal treatment modality for patients 
with SRM. Beyond the fact that many SRMs are 
benign, there are major biologic differences 
between RCC subtypes, which may impact man-
agement strategies. As such, pretreatment biopsy 
should be considered for all RCN.

2  Targeted Therapy for Localized Kidney Cancer
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Tumor seeding along the biopsy needle tract is 
exceedingly rare. There are only three documented 
events in the last three decades [38–41]. Akhavein 
and colleagues reported a case of an 84-year-old 
man with an asymptomatic 2.7  cm enhancing 
lower pole renal masses. Preoperative radiological 
evaluation demonstrated no evidence of metasta-
ses, and preoperative biopsy confirmed histopath-
ological diagnosis of a clear cell renal cell 
carcinoma [41]. Due to the patient’s comorbidi-
ties, percutaneous cryoablation was recom-
mended. The patient underwent an uneventful 
percutaneous cryoablation with no evidence of 
residual disease at the termination of the procedure 
and at 5 and 12 months of follow-up. However, the 
patient underwent surveillance imaging at 
15 months post-ablation, and while there was no 
evidence of local recurrence, he had numerous soft 
tissue nodules in the retroperitoneal fat posterior to 
the kidney, consistent with seeding in the cryoab-
lation probe tract. Histopathological confirmation 
with biopsy was not possible due to an intraopera-
tive complication, and the patient was managed 
with systemic therapy and close imaging surveil-
lance. Sainani and colleagues reported another 
event of RCC seeding along the cryoablation 
probe tract [39]. A 61-year-old man with three 
bilateral masses on each side with a biopsy-proven 
RCC and oncocytoma underwent MRI-guided 
percutaneous cryoablation of three tumors and 
extirpative procedure for the remaining tumors 
that were not deemed amenable for an ablative 

procedure. In 4  years after the initial procedure, 
imaging revealed new enhancing soft tissue nod-
ules up to 1.2 cm in the right retroperitoneum and 
paraspinal musculature. CT-guided biopsies 
revealed papillary RCC, and all enhancing lesions 
were managed with CT-guided cryoablation. At 
the follow-up imaging, there was no evidence of 
tumor. Mullins and Rodriguez reported a third 
case of RCC seeding of a percutaneous biopsy 
tract [38]. They reported a case of a 68-year-old 
man with papillary-type RCC who underwent a 
percutaneous biopsy. Local extension was detected 
at the time of partial nephrectomy, and biopsy con-
firmed papillary-type RCC. The patient underwent 
successful surgical excision of the tumor with no 
evidence of tumor recurrence on subsequent imag-
ing surveillance.

These reports are very rare and should not dis-
courage the use of percutaneous image-guided 
procedures such as biopsy or ablation. Proper 
actions can be taken to prevent these events [42].

�Role, Indications, 
and Contraindications of Ablative 
Therapy

Given that most patients with SRM are elderly 
(>70 years) and present with significant comor-
bidities, it is important to balance the risks of sur-
gical treatment with less-invasive ablative 
approaches and active surveillance.

Table 2.1  Small renal mass biopsy series (2004–2015)

Authors No. of patients
Mean size 
(cm)

Diagnostic 
rate (%)

Malignancy 
rate (%)

Complication rate 
(major/minor) (%)

Eshed et al. 2004 [26] 23 3.0 95.5 68.2 0/4.5

Neuzillet et al. 2004 [27] 88 2.8 96.6 75 0/0

Jaff et al. 2005 [34] 46 3.3 85.2 57.4 0/0

Shannon et al. 2008 [28] 222 2.9 78 75 0/0.9

Schmidbauer et al. 2008 [29] 78 4.0 97 79 0/3

Wang et al. 2009 [30] 106 2.7 90.9 65 0/7.5

Leveridge et al. 2011 [25] 294 2.5 80.6 79.4 0.3/10.1

Tan et al. 2012 [31] 78 2.9 93.6 89 N/A

Park et al. 2013 [32] 58 2.4 81 77 0/20.3

Menogue et al. 2013 [33] 250 2.5 80 74 0/0.7

Halverson et al. 2014 [23] 151 2.8 91.7 97.4 N/A

Hu et al. 2015 [24] 269 3.4 89 77 N/A

Overall 1663 2.9 88.3 76.1 0.02/5.22

Z. Okhunov et al.
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The rationale for AT is to treat asymptomatic 
SRM in patients at high surgical risk with poten-
tially reduced morbidity. Other potential indica-
tions include renal insufficiency, solitary kidney, 
transplant patients, and multiple or bilateral 
masses. With contemporary technology and tech-
niques, these procedures can be performed in 
outpatient setting using image guidance with sig-
nificantly reduced morbidity. The limitation for 
treating a renal lesion with CA is largely depen-
dent upon obtaining an adequate ablation zone 
with the current technology. The larger the renal 
lesion, the more challenging it becomes to com-
pletely cover the lesion with the iceball while 
avoiding complications such as tumor cracking 
and bleeding. Patient preference plays an impor-
tant role in selecting the choice of treatment. The 
less-invasive nature of renal ablation makes this 
modality very attractive for elderly patients with 
serious medical comorbidities who desire active 
treatment.

Contraindications to AT are tumors with a low 
chance of successful treatment, including tumor 
size greater than 3.5  cm. Location is another 
important factor to consider; posteriorly and later-
ally located tumors are more amenable for image-
guided PCA. More anterior tumors are treated via 
laparoscopic approach. Hilar tumors close to the 
renal vasculature, ureter, and collecting system 
should avoid AT due to an increased risk of major 
complications and risk of recurrence.

�Surgical Approach

CA and RFA are the most extensively character-
ized TA modalities. Both can be pursued laparo-
scopically or percutaneously under image 
guidance. The surgical approach is largely depen-
dent on the location of the renal mass (Fig. 2.1). 
Lesions located on the anterior aspect of the kid-
ney are more suitably approached laparoscopi-
cally via a transperitoneal approach, while 
posteriorly and laterally located tumors are best 
approached either percutaneously (CT or MRI 
guided) or via a retroperitoneal laparoscopic 
technique. Given the difficulties in approaching 
lateral tumors, they present a small challenge 

with the approach being based on surgeon prefer-
ence. The majority of RFA is performed percuta-
neously, while CA has been well described both 
laparoscopically (trans- and retroperitoneally) 
and percutaneously. Another significant factor is 
the availability of CT ablation suites and having a 
good working relationship with an interventional 
radiology team. Interventional radiologists have 
extensive knowledge of image-guided ablation 
and can be outstanding partners for achieving 
optimal treatment outcome.

�Patient Preparation

Preoperatively, patients should undergo a his-
tory and physical examination that includes a 
complete set of vitals, careful review of the past 
medical and surgical history, social history 
including smoking history, and a review of their 
medications. Laboratory examination should 
include a complete metabolic panel, complete 
blood count, and, when appropriate, a coagula-
tion panel. All patients over the age of 40 should 
undergo a preoperative electrocardiogram and a 

Fig. 2.1  Tumors located on the posterior aspect of the 
kidney (red) are ideally approached either percutaneously 
or via retroperitoneal laparoscopy. Tumors located on the 
anterior aspect of the kidney (green) are ideally 
approached by transperitoneal laparoscopy. Tumors 
located on the lateral aspect of the kidney (blue) can be 
approached by any technique

2  Targeted Therapy for Localized Kidney Cancer
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chest X-ray. Elevated liver enzymes may sug-
gest either Stauffer’s syndrome or, perhaps 
more ominous, metastasis to the liver. Careful 
reevaluation of the liver with axial imaging is 
warranted. Abnormal neurological findings or 
recent onset of headaches or blurred vision 
should prompt the surgeon to investigate the 
possibility of brain metastasis with a head CT or 
MRI. Similarly, complaints of bony pain, espe-
cially with concomitant elevations in serum 
alkaline phosphatase and/or calcium, could be 
indicative of bony metastasis, which should be 
evaluated with a nuclear bone scan. Finally, 
anticoagulants, including aspirin products, 
should be discontinued for an appropriate 
amount of time prior to treatment, and these 
patients should often be managed in conjunction 
with a medical team. The goal of this extensive 
preoperative routine is to identify potential 
obstacles that may affect surgical outcome. For 
example, vital signs may identify poorly con-
trolled or previously unidentified hypertension, 
which places the patient at risk for intraopera-
tive and postoperative bleeding, or labs that 
reveal a coagulopathy may increase bleeding 
diathesis. A thorough preoperative workup will 
stratify individual patients into the various man-
agement strategies mentioned earlier.

Recent high-quality axial imaging via CT or 
MRI with and without intravenous contrast is a 
key component to every preoperative routine. 
Poor quality or inadequate imaging may com-
promise surgical outcomes and should therefore 
be repeated prior to discussing management 
strategies. The surgeon should take special note 
of tumor characteristics such as size; location, 
especially in relation to the upper, lower, and 
interpolar regions, hilum and the collecting sys-
tem (especially the ureter and ureteropelvic 
junction); and enhancement properties. 
Additionally, renal landmarks should be identi-
fied to aid in intraoperative location of the mass. 
Other metrics that should be recorded include 
whether the mass is exophytic (≥ 50 % of mass 
extending beyond renal contour), mesophytic 
(20–50 % of mass beyond renal contour), cystic 
or solid, enhancement qualities, and abnormali-
ties of shape or contour that may have to be 

accounted for during TA [43]. Additionally, 
recent evidence supports the use of the RENAL 
nephrometry score (Radius, Exophytic/endo-
phytic properties, Nearness of the tumor to the 
collecting system or sinus, Anterior/posterior, 
Location relative to the polar lines) as a preop-
erative metric capable of predicting PN, LCA, 
and PCA complexity, complication rates, and 
outcomes [44–50]. Okhunov and colleagues 
demonstrated that tumors with RENAL neph-
rometry of higher than eight have significant 
risks for complications and local tumor recur-
rences after LCA [44]. Blute and colleagues also 
confirmed these findings in patients undergoing 
PCA. With each increase in RENAL nephrome-
try score, the risk of complications and recur-
rence increases 1.5-fold [51]. Additionally, 
skin-to-tumor distance has been shown to be an 
important factor in patients undergoing 
PCA.  While the RENAL nephrometry score 
does not appear to be predictive of complica-
tions in RFA [52, 53], a modified RENAL score, 
using an adjusted size variable, R, may allow 
more accurate prediction and stratification of 
outcomes [54].

Occasionally, despite the use of high-quality 
axial imaging, the renal mass is difficult to dis-
cern from the surrounding normal renal paren-
chyma. This can be especially true with 
endophytic lesions. A preoperative ultrasound of 
the kidney may help characterize and further 
delineate the lesion. This may also prove useful 
since ultrasonography is the primary 
intraoperative imaging modality utilized in 
LCA.  If the lesion is isoechoic on preoperative 
ultrasound, it may be difficult to accurately locate 
at the time of LCA, and options should be preop-
eratively discussed with the patient.

�Principles of Ablation

As new technologies continue to shape the surgi-
cal landscape, it is the responsibility of the sur-
geon to fully understand the method of action, 
capabilities, and limitations of each new advance-
ment in order to optimize outcomes. This is espe-
cially true of TA, which utilizes unique energy 
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delivery systems, different methods of action for 
tissue destruction, and different targeting and 
monitoring systems. A proper appreciation for 
the various treatment modalities improves effi-
cacy and decreases the complication rate.

�Cryoablation

Cryoablation was first described in 1995 by 
Uchida and colleagues [55], and it is currently 
the most studied of all ablative modalities in the 
treatment of SRM.  CA exploits the Joule-
Thomson principle to produce rapid temperature 
decreases at the probe tip [56]. At room tempera-
ture, with the exceptions of hydrogen, helium, 
and neon, all gases cool upon expansion. As gas 
molecules expand, collision rates between mole-
cules decrease, thereby increasing potential 
energy and decreasing kinetic energy and there-
fore temperature. Specifically, the modern sys-
tem utilizes highly pressurized liquid state argon 
gas that is allowed to expand into the gaseous 
state near the tip of the probe. The resulting 
expansion and phase change causes extreme 
drops in temperature, which induces iceball for-
mation. Iceball dimensions and ablation zones 
are largely affected by the probe’s design (at what 
point the gas is allowed to expand and changes in 
insulation) along with local tissue properties. The 
iceball does not extend appreciably beyond the 
tip of the probe but instead extends radially and 
proximally along the shaft of the probe.

There are several mechanisms that are ulti-
mately responsible for cell death. The rapid cool-
ing initially produces extracellular ice crystal 
formation followed by intracellular ice crystal for-
mation. The intracellular crystals mechanically 
disrupt the cell membrane causing dramatic 
changes in intracellular pH and ionic composition, 
ultimately leading to protein denaturation. The 
extreme temperatures bring about local microcir-
culatory failure, which causes thrombosis, coagu-
lation necrosis, and apoptosis. The dramatic fall in 
temperature additionally amplifies the extracellu-
lar osmotic force resulting in cellular crenation 
and dehydration. The sum of these effects is uni-
form cellular death within the ablation zone.

There is not one consistent temperature 
within the iceball but actually a gradient that 
extends from −140 to −190 °C at the cryoprobe 
tip to −3 °C at the edge of the iceball [57]. The 
phenomenon known as freezing point depres-
sion necessitates a temperature below 0  °C at 
the edge of the iceball. When solutes are added 
to a solvent, in this case the saline environment 
of tissue, these ions interfere with ice formation 
requiring a temperature below freezing in the 
periphery. This important property of the iceball 
is the main determinant in CA success and fail-
ures. While there is extracellular ice crystal for-
mation at the iceball edge, there are no 
intracellular ice crystals, and it is the intracel-
lular ice that causes cell lysis. Cellular death 
begins to occur at temperatures below −20 °C 
but is somewhat inconsistent [58]. Uniform and 
consistent cellular necrosis does not occur until 
temperatures fall below −40 °C. When the ice-
ball temperature gradient is combined with the 
temperature requirements for cell death, three 
“zones” with different ablation properties are 
created within the iceball (Fig. 2.2). The central 
zone extends from the cryoprobe tip to the 
points within the iceball that are consistently 
below −40  °C. This central zone is character-
ized by consistent and uniform cellular necrosis. 
The intermediate zone comprises the iceball 
area that has reached temperatures between 
−40 °C and −20 °C and is characterized by both 
necrotic and viable tissue elements. The outer 
zone extends from −20 °C to the warmer iceball 
edge and is characterized by mostly viable tis-
sue. It has been determined that temperatures of 
>−20 °C can be measured within 3.1 mm of the 
iceball edge [59]. Therefore, the standard prac-
tice in CA is to extend the iceball to 1 cm beyond 
the tumor edge to ensure uniform tissue abla-
tion. One of the advantages of LCA is the ability 
to monitor iceball formation in real time using a 
laparoscopic ultrasound probe. The expanding 
iceball creates a readily visualized hyperechoic 
expanse that delineates the iceball edge (Fig. 
2.3). After the freeze cycle is complete, helium 
is used to actively thaw the cryoprobe followed 
by a repeat freeze-thaw cycle to ensure complete 
ablation.

2  Targeted Therapy for Localized Kidney Cancer
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�Radiofrequency Ablation

The first report of RFA in the human kidney was 
in 1997 by Zlotta and colleagues, who utilized 
RFA in the treatment of exophytic renal masses 
in three patients [60]. After studies demonstrat-
ing safety and short- and intermediate-term effi-
cacy, RFA has since gained significant popularity 

as a technique to ablate SRM. RFA induces ther-
mal injury through a high-frequency, alternating 
electric current with a wavelength of 460–
500 kHz that exploits the resistive properties of 
the kidney [61–63]. Probes introduced into the 
ablation zone deliver the electrical current to the 
target area, inducing the resistive heating of tis-
sues adjacent to the electrode (Joule effect). The 

Fig. 2.2  Iceball ablation zones: The central/necrosis zone 
is characterized by uniform ablation and temperatures < 
−40 °C. Surrounding the central zone is the indeterminate 
zone, which has areas of cell death intermixed with viable 

cells and temperatures between −40 °C and −20 °C. The 
outermost zone is comprised of mostly viable cells with 
little to no necrosis and temperatures > −20 °C

Fig. 2.3  (a) At the start of the freeze cycle, the iceball 
appears as an expanding hyperechoic region extending radi-
ally from the cryoprobes. (b) The hyperechoic regions begin 

to coalesce as the iceball expands. (c) At the completion of 
the freeze cycle, the iceball appears as a single hyperechoic 
mass that extends beyond the margin of the mass

Z. Okhunov et al.
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local tissue’s high resistance allows dramatic 
increases in temperature as the electrical current 
is transformed to heat, resulting in ionic agita-
tion, denaturation of proteins, membrane dam-
age, and vascular congestion [64]. Cellular injury 
does not typically occur until temperatures reach 
50 °C for 4 to 6 min [65]. Instantaneous coagula-
tive necrosis occurs as temperatures climb over 
60 °C [66]. Given that temperatures over 105 °C 
induce tissue vaporization and ineffective abla-
tion, RFA is optimally performed at temperatures 
60–100  °C.  To ensure adequate treatment, the 
ablation zone is extended to 1  cm beyond the 
tumor periphery. Because the ablation zone can-
not be monitored in real time in RFA, tempera-
ture or impedance probes are placed near the area 
of interest to determine the extent of the effect.

�Cryoablation Techniques

Maximizing the success of CA involves a combi-
nation of appropriate patient selection, under-
standing, and appropriately applying cryosurgical 
technology, adhering to the “imaging trifecta,” 
precise initial probe placement, and accurate ice-
ball management with a willingness to make 
intraoperative adjustments to any inconsisten-
cies. Patient selection has been discussed else-
where in this chapter, but in brief, the ideal patient 
has a mass ≤3.5 cm in size and has been preop-
eratively evaluated and counseled appropriately, 
and the approach has been tailored to the tumor 
location. The imaging trifecta refers mostly to the 
laparoscopic approach but certainly pertains to 
all TA modalities. The first part is the preopera-
tive, high-quality imaging that allows the surgeon 
to accurately characterize the mass. The second 
is the liberal use of intraoperative imaging includ-
ing laparoscopic ultrasound (LCA). Laparoscopic 
approach for renal ablation is used infrequently 
but still remains an option in selected patients 
with anteriorly located tumors. For image-guided 
PCA, US and CT or a combination of both is 
used during the tumor evaluation and probe 
placement. The final aspect is careful iceball 
monitoring during the freeze-thaw cycles to 
ensure that the iceball forms as expected with all 

of the expected margins extending beyond the 
mass. Correct initial probe placement might be 
among the most important determinants in suc-
cess. Once the iceball begins to form, the probe 
cannot be repositioned, and furthermore, the 
expanding iceball creates a large acoustic shadow 
that makes targeting of the deep tissues difficult 
(Fig. 2.4). Occasionally, local tissue properties 
and/or poor initial probe placement creates an 
iceball that does not completely ablate the tumor. 
When this occurs, the surgeon should allow the 
probes to thaw, reassess, and reposition the 
probes and perform a repeat cycle to ensure com-
plete tissue destruction.

�Laparoscopic Cryoablation

After the patient is repositioned, trocars are 
placed in a standard nephrectomy template. The 
colon is reflected medially, and if on the right 
side, the duodenum is kocherized. The psoas 
muscle is identified as it courses posteromedial to 
the lower pole of the kidney. At this point, we 
usually place a laparoscopic retractor (Jarit® 
Padron Endoscopic Exposing Retractor 

Fig. 2.4  The fully formed iceball obscures the deep mar-
gins due to a shadowing effect
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(P.E.E.R.), Integra, Plainsboro, NJ) through a 
5-mm port positioned in the midaxillary line or 
just anterior to it. This not only allows the kidney 
to be elevated for the remainder of the dissection 
but also for it to be positioned and stabilized in a 
manner that optimizes the renal mass’ position 
during the actual ablation.

For lesions that are >3.5 cm or are exophytic, 
there is an increased risk for iceball cracking with 
subsequent major bleeding. In patients in whom 
this is a concern, the routine practice is to prepare 
the kidney as if a partial nephrectomy was going 
to be performed. The renal artery and vein are 
completely exposed, and Gerota’s fascia is dis-
sected away from the mass and the surrounding 
normal renal parenchyma. In this manner, should 
iceball cracking occur, clamping the renal artery 
can rapidly attain hemostasis, and the surgeon 
can proceed with partial nephrectomy without 
delay.

In order to maximize ablation efficacy, the 
cryoprobes should enter the intended ablation 
zone perpendicular to the mass. Tangentially 
placed probes are difficult to accurately position 
and often lead to viable residual tumor. First the 
kidney is manipulated to expose the renal mass to 
the anterolateral flank using the PEER to stabi-
lize it. A BD™ Spinal Needle (BD Medical, 
Franklin Lakes, NJ) is used as a “finder needle” 
by passing it percutaneously until an ideal per-
pendicular trajectory is identified. A skin incision 
is then made adjacent to the spinal needle and 
several biopsies of the mass are taken using a 
Bard® MaxCore Disposable Core Biopsy 
Instrument (18G  ×  25  cm, Bard Peripheral 
Vascular, Inc./Bard Biopsy Systems, Tempe, 
AZ). The cryoprobes are then deployed at the 
predefined trajectory to sit at right angles to the 
mass. There are a variety of probes that are cur-
rently available; however, we prefer the IceRod 
cryoprobe (Galil Medical, Minneapolis, MN) due 
to its small size (1.47 mm) and consistently large 
ablation zone.

Of all the steps in renal ablation, accurate 
cryoprobe deployment ranks among the most 
important. It should be recognized that the iceball 
extends radially along the shaft of the probe, but 
does not extend appreciably beyond the tip [67]. 

To avoid deep margin recurrence, the probes 
should therefore be positioned 5 mm beyond the 
tumor. For solid masses, the probes are placed 
just within the tumor’s margin. If the mass has 
cystic components, the cryoprobes are placed just 
outside the margin to avoid rupture and subse-
quent tumor spillage. Once the freeze cycle 
begins, the expanding iceball obscures the mar-
gins, making subsequent probe placement more 
challenging.

Tumor identification, especially endophytic 
tumors, probe deployment, and active iceball 
monitoring are all facilitated by the use of a lapa-
roscopic ultrasound probe. Typically two freeze-
thaw cycles are performed to ensure complete 
ablation, during which active ultrasonography 
ensures that the iceball extends 1 cm beyond the 
margins. In this manner, cryoablation is unique 
among other TA techniques in that the direct 
visualization of the growing iceball verifies com-
plete ablation of the intended target. Following 
the second thaw cycle, the probes are removed, 
and the kidney is observed for a short period of 
time.

�Percutaneous Cryoablation

Our team has found that optimizing successful 
outcomes with PCA requires close collaboration 
between interventional radiology (IR) and 
urology. The interventionist provides experience 
with percutaneous targeting and imaging modali-
ties, while the urologist provides expertise and 
insight into the treatment of renal malignancies. 
As mentioned previously, PCA is usually 
reserved for tumors on the posterior and lateral 
aspect of the kidney. Because the probes are 
passed from the posterolateral flank into the kid-
ney, performing PCA on an anterior renal mass 
requires traversing a significant portion of the 
kidney and is not recommended.

The “as low as reasonably achievable” 
(ALARA) principle states that the lowest dosage 
of ionizing radiation necessary should be used to 
achieve the desired therapeutic or diagnostic 
goal, without compromising quality of care. At 
University of California, Irvine we developed a 
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technique combining the use of US in conjunc-
tion with CT imaging for PCA of renal masses. 
This technique is used in an effort to reduce the 
total radiation dose per procedure.

The patient is placed prone on a CT scanner 
or, if the probes are MRI compatible, on an MRI 
scanner. Intravenous sedation utilizing mid-
azolam and fentanyl is initiated with monitoring 
in accordance with the UC Irvine Moderate 
Sedation Policy. Local lidocaine 1 % is used for 
local anesthesia. In CT-guided cases, US is used 
to localize the tumor (Fig. 2.5a), and the intended 
initial access location is identified. Initial probe 
placement is performed under US (Fig. 2.5b). A 
focused non-contrast axial image is then obtained 
through the area of the kidney and compared to 

the preoperative contrast image (Fig. 2.5c, d). 
Based upon CT findings, the initial probe place-
ment is optimized if necessary. If the tumor mar-
gins cannot be clearly identified, a repeat scan 
with a half bolus of intravenous contrast can be 
performed. Additional cryoprobes (up to a total 
of 3) are placed under US guidance, with limited 
axial CT acquisition used for final confirmation 
of optimal probe position. Probes are positioned 
one at a time, ensuring that the tips extend at least 
5 mm beyond the deep margin. Careful attention 
should be paid when deploying multiple probes 
to avoid confusion in matching the intracorporeal 
cryoprobes as seen on axial imaging to the extra-
corporeal shafts as seen by the surgeon. Once 
desired cryoprobe deployment is achieved, a 

Fig. 2.5  Imaging of ultrasound-facilitated computed 
tomography-guided percutaneous cryoablation. (a) Long 
axis ultrasound image of the left kidney. Xs indicate supe-
rior and inferior poles of kidney. Solid arrowheads delin-
eate borders of the cortical neoplasm. (b) Long axis 
ultrasound image of the left kidney. Solid arrows mark the 
cryoprobe traversing subcutaneous fat, muscle, and peri-
renal fat with tip of the first cryoprobe within the superior 

aspect of the neoplasm. Solid arrowheads mark the corti-
cal neoplasm. (c) Scout computed tomography image 
demonstrates the presence of initial cryoprobe, placed 
under ultrasound guidance. Solid arrows mark cryoprobe. 
(d) Initial low-dose limited axial computed tomography 
images confirming cryoprobe location within the cortical 
neoplasm after initial ultrasound-guided placement. Solid 
arrow identifies cryoprobe tip within the neoplasm
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standard double freeze-thaw cycle is performed 
with the goal of extending the iceball approxi-
mately 1  cm beyond the tumor margins in all 
directions. Toward the end of the first freeze 
cycle, limited axial CT images without contrast 
are obtained to assess iceball geometry and to 
ensure iceball extension beyond the margins of 
the tumor in all dimensions. Limited axial CT 
images without contrast are again obtained at the 
midpoint of the second freeze cycle to reassess 
adequacy of the iceball. Although seldom 
employed, active iceball formation can also be 
monitored using US.  After completion of the 
double freeze-thaw cycles and removal of cryo-
probes, a half-dose contrast-enhanced limited CT 
is obtained to confirm complete ablation of the 
SRM and to confirm the presence of a surround-
ing therapeutic margin and to identify possible 
viable tumor. Enhancement within or near the 
margin of the expected ablation zone is sugges-
tive of residual tumor, which can be treated with 
the deployment of an additional cryoprobe and 
repeat ablation.

�Oncological Outcomes 
and Follow-up

Successful outcomes of cryoablated tumors are 
characterized on CT imaging by significant 
shrinkage and loss of contrast enhancement [68]. 
Tumors successfully treated with RFA demon-
strate no contrast enhancement with minimal 
shrinkage on CT [69]. On MRI, the imaging hall-
mark of successful renal tumor ablation is lack of 
tumor enhancement at gadolinium-enhanced 
imaging. Rim enhancement, believed to repre-
sent reactive change, may occasionally be seen at 
early post-procedural MR scanning after RFA or 
cryoablation, which later resolves.

�Efficacy of Cryoablation

Longer-term follow-up studies (>60  months) 
assessing the efficacy of CA are beginning to 
emerge. Multiple long-term studies of LCA have 
demonstrated that this technique provides excel-

lent oncological outcomes [70]. Although, there 
are fewer reports of longer-term follow-up after 
PCA in the literature, the limited data is simi-
larly promising.

In a recent study of 138 patients undergoing 
LCA with mean follow-up of 98.8  months, 
Caputo and colleagues determined 5-year 
disease-free survival (DFS), cancer-specific sur-
vival (CSS), and overall survival (OS) of 86.5 %, 
96.8 %, and 79.1 %, respectively. Ten-year DFS, 
CSS, and OS were 86.5 %, 92.6 %, and 53.8 %, 
while mean time to recurrence was 2.3  years 
post-ablation [71]. In another study of 112 T1 
tumors including 92 RCC-confirmed tumors 
with the mean follow-up of 97.9  months post 
LCA, Johnson et  al. determined OS, progres-
sion-free survival (PFS), and CSS of 98.5  %, 
91.0 %, and 98.5 %, respectively [72]. Similarly, 
Tanagho and co-workers reported 76 months of 
follow-up data from 35 RCC-confirmed tumors 
treated with LCA, noting 6-year DFS, CSS, and 
OS of 80 %, 100 %, and 76.2 %, respectively, 
and excellent renal functional outcomes. The 
study demonstrated six patients (17  %) who 
experienced local recurrences after LCA [73]. 
Aron and colleagues reported their data on 80 
patients who underwent LCA with median fol-
low-up of 93  months [74]. The study reported 
5-year OS, disease-specific survival (DSS), and 
RFS of 84 %, 92 %, and 81 %, respectively, and 
10-year OS, DSS, and RFS of 51 %, 83 %, and 
78  %, respectively. In this study, however, the 
ablation was performed using a single, large 4.8-
mm probe; as this single probe technique has 
been largely supplanted by the use of multiple 
ultrathin (1.47 mm) probes, the continual evolu-
tion of technology and technique and its effect 
on outcomes remains to be seen.

Recent studies comparing CA and PN are also 
emerging. While perioperative outcomes in CA 
are superior, the data is unclear whether CA rep-
resents an increased risk of recurrence. Thompson 
and colleagues recently showed that recurrence 
rate was similar in patients who underwent PN 
and PCA for cT1 renal masses [75]. Overall sur-
vival was superior after PN, likely resulting from 
selection bias. A meta-analysis by Klatte and col-
leagues compared laparoscopic PN and LCA, 
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combining 13 studies. They found that patients 
treated with LCA demonstrated a shorter length 
of stay, less blood loss, and lower risk of compli-
cations, but that LCA was associated with an 
increased risk of recurrence (relative risk = 9.39) 
and metastatic progression (RR = 4.68) [76].

Studies comparing LCA vs PCA have found 
no difference in overall mortality or recurrence 
rates. Kim and colleagues compared 145 LCA 
and 118 PCA cases with mean follow-up 
71.4  months for LCA and 38.6  months for 
PCA. The reported 5-year OS and RFS for LCA 
were 79.3 % and 85.5 %, respectively. Five-year 
OS and RFS for PCA were 86.3 % and 86.3 %, 
respectively. Cryoablation approach (LCA vs 
PCA) was not predictive of overall mortality or 
disease recurrence, although mean length of stay 
was shorter for PCA [77]. Similarly, Zargar and 
colleagues determined no significant difference 
in OS or RFS at 5  years between the patients 
undergoing LCA (n = 275) and PCA (n = 137). 
Tumor size and anterior location were predictive 
of higher local recurrence rates, while RENAL 
nephrometry score or type of cryoablation was 
not associated with tumor recurrence [78].

CA represents an alternative approach to the 
treatment of renal masses. The long-term onco-
logical outcomes are promising, as are the 
improved renal functional outcomes, compared 
to PN. These findings make CA an ideal mini-
mally invasive modality and support its use in a 
wider population. However, there is still an 
unclear risk of increased recurrence in CA, which 
balances the improved perioperative outcomes.

�Salvage Cryoablation in the Setting 
of Recurrence Following Primary 
Cryoablation
Recurrence rate after focal TA is relatively higher 
when compared to extirpation. This increased 
oncological failure rate incites the potential 
need for salvage procedure. Currently there 
are no guidelines or recommendations regard-
ing the management of recurrences following 
TA.  This has led to controversy regarding the 
most appropriate salvage treatment therapy. 
The management of recurrent disease after PCA 
poses a great challenge to urologists and inter-

ventional radiologists. Extirpative management 
of locally recurrent RCC can be challenging due 
to the local fibrosis and eradication of anatomi-
cal surgical planes [79]. As thermal ablation of 
SRM emerges as a viable alternative to surgical 
extirpation, many patients are now treated with 
repeat PCA after recurrence following primary 
PCA. According to a literature review performed 
between 2000 and 2006 by Long and colleagues, 
repeat cryoablation is the most common treat-
ment modality following failed prior cryoabla-
tion. Approximately 66  % to 73  % of patients 
who fail thermal ablation are managed by repeat 
focal therapy; overall, 0.9 % of all renal masses 
that underwent CA and fail receive salvage TA 
treatment [80]. The data is very limited regarding 
patient’s characteristics, perioperative complica-
tions, and oncologic outcomes in those under-
going repeat ablation. Overall, repeat PCA has 
demonstrated an improved safety and convales-
cence profile compared to salvage LPN. Despite 
the technical challenges of the procedure, repeat 
PCA has gained increased popularity among 
urologists [81]. The advantages of using PCA in 
this patient population include faster convales-
cence, significantly shorter operative times, less 
pain, and the ability to perform the procedure 
under moderate sedation thus providing a viable 
treatment option for patients with significant 
comorbidities avoiding the risks associated with 
general anesthesia. Hegg and colleagues reported 
a major complication rate of 5.7  % in patients 
who underwent repeat PCA after local recur-
rence following LPN [82]. In our recent series, 
8  % of 250 patients who underwent PCA for 
SRM underwent secondary ablation for biopsy-
proven RCC recurrence. Our data demonstrated 
86  % success rate with the mean follow-up of 
30  months (Fig. 2.6). Only three patients were 
identified to have a second episode of local recur-
rence following PCA.  All three patients were 
found to have biopsy-confirmed chromophobe-
type RCC. One patient was reablated for a third 
time and two patients underwent laparoscopic 
partial nephrectomy. All three patients had no 
evidence of local or distant tumor progression at 
later follow-up visits. There were no complica-
tions, and no patients needed blood transfusions. 
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All procedures were performed in less than 2 h 
with no patients needing general anesthesia [83]. 
Repeat PCA for locally recurrent disease is tech-
nically feasible, has a low complication rate, and 
demonstrates acceptable short-term oncologic 
outcomes in this challenging population.

�Efficacy of Radiofrequency Ablation

The recent emergence of longer-term follow-up 
reports has demonstrated that RFA provides dura-
ble oncologic outcomes comparable to those 
reported following partial nephrectomy, in addition 
to improved renal functional outcomes. Multiple 
studies with follow-up > 60 months have demon-
strated that RFA as a treatment of T1a RCCs pro-
vides long-term oncological control with survival 
rates comparable to those in PN [84–88].

A report by Olweny and colleagues compared 
patients with histologically confirmed T1a RCC 
treated by percutaneous RFA (n  =  37) and PN 
(n = 37) with a median follow-up of 6.5 years. 
There were no significant differences in any of 
the survival rates between the two treatment 
groups: for RFA vs PN, the 5-year OS was 97.2 % 
vs 100 % (p = 0.31); CSS was 97.2 % vs 100 % 
(p = 0.31); DFS was 89.2 % vs 89.2 % (p = 0.78); 
local RFS was 91.7 % vs 94.6 % (p = 0.96); and 
metastasis-free survival (MFS) was 97.2  % vs 

91.8 % (p = 0.35), respectively [89]. Chang and 
co-workers compared a propensity-matched 
cohort of T1a patients treated with RFA (n = 45) 
and LPN (n  =  45), with a median follow-up 
67.6 months. For RFA, the 5-year OS, CSS, DFS, 
RFS, and MFS were 90.2  %, 95.6  %, 86.7  %, 
95.4 %, and 95.5 %, respectively. For LPN, these 
rates were 93.2 %, 97.7 %, 88.5 %, 97.7 %, and 
95.5 %, respectively. The authors also found that 
RFA provided better renal functional preserva-
tion than PN [90].

Additional studies have similarly shown 
improved renal functional outcomes in RFA when 
compared to PN. A study of patients undergoing 
RFA (n  =  21) and RN (n  =  39) for T1b cancer 
determined that although OS was significantly 
lower in RFA vs RN, the RCC-related survival rate 
and disease-free survival rates were comparable 
between the two groups, and RFA was associated 
with less renal function decrease (12.5 %) com-
pared to PN (32.5 %) [91]. Recently, Ji and col-
leagues found that for treatments of cT1a renal 
tumors, laparoscopic RFA provided excellent peri-
operative results, long-term functional and onco-
logical outcomes. The decrease in glomerular 
filtration rate (GFR) was significantly lower in the 
LRFA group than the LPN group (p = 0.021) [92]. 
Faddegon and colleagues also determined that 
5-year freedom from CKD stage progression for 
radiofrequency ablation and partial nephrectomy 

Fig. 2.6  Kaplan–Meier 
estimates of recurrence-free 
survival after primary and 
repeat cryoablation
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was 85.4 % vs 82.1 % (p = 0.06), concluding that 
RFA provides similar long-term renal function 
preservation benefit as partial nephrectomy. [93].

In a study of 1424 cT1a patients comparing 
PN (n = 1057), CA (n = 187), and RFA (n = 180), 
Thompson and colleagues determined that while 
RFS was similar among the three treatments, 
metastasis-free survival (MFS) was superior for 
PN and CA patients when compared with RFA 
for cT1a patients (p  =  0.005 and p  =  0.021, 
respectively) [75].

Recent literature is promising and suggests 
that both CA and RFA are effective and durable 
treatment options for SRM.  Like CA, RFA has 
undergone technological advancements that may 
continue to improve upon the emerging data. 
Additional prospective randomized studies may 
help further evaluate the efficacy and safety in 
relation to PN and CA.

�Conclusion

The armamentarium in the treatment of the SRM 
continues to expand. Outcomes data on TA con-
tinue to mature, and recent longer-term follow-up 
results are very promising. These results suggest 
that CA and RFA may have a wider indication in 
the treatment of renal tumors. In order to effec-
tively utilize the newer TA technologies, it is 
paramount to understand the technology being 
employed. The role of biopsy has been expand-
ing and plays an important role in the decision-
making process and patient counseling. 
Considering the myriad of options now afforded 
in the treatment of the SRM, a detailed discus-
sion should be held with the patient prior to ren-
dering any treatment, especially as the role of TA 
continues to expand.
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