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Preface

Two forces have conspired to change the 
landscape of urologic oncology over the past 
30 years. The first is the availability of level‐
one evidence from authoritative clinical 
trials [1,2]. Data from randomized experi-
ments have called into question basic 
assumptions about the blanket application 
of surgical standards of care for major classes 
of genito‐urinary malignancy. The second is 
the accelerating pace of discovery in cancer 
biology. The study of cancer is no longer the 
exclusive province of the molecular biolo-
gist; it now encompasses disciplines as 
diverse as immuno‐oncology, metabolomics, 
and microbiome science. These new disci-
plines will doubtless impact the already 
impressive progress that has been made by 
integrating molecular data into clinical trial 
design [3]. The more we know, the more 
there is to know; and the correlation of 
observations made in these new fields of 
inquiry with the natural and treated histo-
ries of human disease offers tremendous 
opportunity for future research. Urologic 
oncologists find themselves, therefore, on 
the cusp of a change driven by scientific and 
technological advance, the public’s demand 
for greater transparency in outcomes report-
ing, and the disclosure of treatment‐related 
risks and harms coupled with society’s ever‐
present inclination to contain the cost of 
health care.

In recent years it could be argued that those 
of us practicing urologic oncology for a living 
have not fully shouldered a responsibility to 
ourselves and to our patients. Falling victim 
to what Tversky and Kahneman called “belief 

in the law of small numbers,” we readily 
succumbed to the lessons of apprentice‐like 
training, surgical anecdote, and perhaps, as 
perniciously, to a historical, “heroic” vision of 
surgical judgment that may have placed the 
surgeon in the center of the picture instead of 
the patient [4]. Hamlet’s famous mother 
would likely have chuckled to herself had she 
witnessed the protests following the recent 
publication of the U.S. Preventive Services 
Task Force recommendations regarding 
prostate‐specific antigen testing (https://www.
uspreventiveservicestaskforce.org/Page/
Document/UpdateSummaryFinal/prostate‐
cancer‐screening) [5,6]. This is by no means 
intended to disparage the motives of surgeons 
who, with the best of intentions, applied what 
was known to what they encountered in prac-
tice. No mea culpa is required. The fault, if 
any can be found, lies in human nature, which 
inclines to overestimate benefit, understate 
risk, and exaggerate the importance of per-
sonal experience. This appears to be so even 
when compelling data to the contrary are 
available. Witness the small number of 
patients with muscle‐invasive bladder cancer 
who are offered neoadjuvant chemotherapy 
before cystectomy [7].

Having acknowledged some degree of 
skepticism regarding our contemporary 
standards of care, we sought to better under-
stand the state of what could arguably be 
called a new branch of urologic oncology: 
image‐guided, tissue‐preserving or focal 
therapy. This new area of inquiry has deep 
roots in urologic practice that demand brief 
mention. Students of medical history are 
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familiar with Philipp Bozzini’s introduction 
of the “lichtleiter” instrument, a tool employ-
ing a series of mirrors and candle‐illumination 
that paved the way for modern urologic 
endoscopy at the beginning of the nineteenth 
century [8]. Transurethral resection of blad-
der tumors is a time‐honored mainstay of 
practice that is by definition tissue sparing. 
In the 1980s, Walsh’s modification of Millin’s 
radical prostatectomy (1945) was a tissue‐
sparing innovation that was initially criticized 
for fear of incomplete cancer resection [9]. 
The debate regarding partial nephrectomy 
continues to this day against the backdrop of 
a much‐refined appreciation of the biology of 
renal cancer [10]. Ironically, the field has 
been moving conceptually in the direction 
of  focal therapy for decades. The dilemma 
we face now is determining how to view the 
contemporary results from studies of this 
new approach to cancer. As a corollary, how 
might we improve our understanding of 

which patients could benefit from the 
therapies described in this book?

The authors of the individual chapters were 
charged with answering a single question: what 
information can you provide to better inform 
the reader regarding the impact of tumor 
ablation on cancer care? Scholars from 
diverse specialties have contributed to this 
volume and the answers to the question 
posed vary accordingly. We sought to be 
inclusive but make no claim regarding com-
prehensiveness. This book represents a modest 
contribution to an ongoing conversation 
about innovation in urologic oncology; and if 
we have succeeded only a little in serving the 
reader, this book will raise many more 
questions than it could possibly answer.

Mark P. Schoenberg, MD
Kara L. Watts, MD

Bronx, NY
February 2017
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Renal Cell Carcinoma

Premalignant Lesions

Unlike prostate cancer, precursor lesions for 
renal cell carcinoma (RCC) are not well 
understood. Renal intraepithelial neoplasia 
(RIN) and dysplastic changes have been 
described in the literature [1]. Some of these 
lesions have common genetic alterations 
with RCC, share spatial orientation, and have 
a premalignant appearance, which suggests 
an evolutionary relationship to carcinoma 
[2]. Given the sparse data and limited charac-
terization, it is likely that this premalignant 
state is short lived or that the majority of 
RCCs occurs de novo. This further suggests 
that the time from genetic insult to overt car-
cinoma is rapid, emphasizing the need for 
early surgical intervention for curative intent.

Molecular Pathogenesis

Almost 100 years ago, Von Hippel and Lindau 
described a familial pattern of vascularized 
retinal growths, which was later recognized 
to be part of an autosomal dominant disor-
der. These patients were predisposed to 
develop hemangioblastomas, pheochromo-
cytomas, and clear‐cell RCC. In 1993, the 
VHL gene was discovered at 3p25.3, a region 
that is frequently deleted in RCC. Somatic 
mutations, promoter methylation, or loss of 

heterozygosity of VHL is found in up to 90% 
of sporadic RCCs [3,4]. The VHL protein is 
best known for its role as the substrate 
recognition component of an E3 ligase and 
targeting of hypoxia inducible factors (HIF) 
for ubiquitination and degradation [5]. In 
hypoxic environments or in the absence/
inactivation of VHL protein, the alpha subu-
nit of HIF heterodimerizes with HIFβ and 
translocates to the nucleus, and transcribes a 
number of genes including VEGF, PDGF‐β, 
and TGF‐α (Figure 1.1) [6]. The unregulated 
activation of this pathway is a main driver of 
angiogenesis, invasion, and metastasis in the 
majority of sporadic RCCs.

Targeting of the VEGF pathway has been 
mainstay of treatment for metastatic or unre-
sectable RCC. Small molecule tyrosine kinase 
inhibitors (TKI) have been successful at 
disrupting VEGF signaling, resulting in 
improved patient survival in the metastatic 
setting. VEGF and PDGFβ can stimulate the 
proliferation and migration of endothelial 
cells. The establishment of an enriched blood 
supply can facilitate the establishment of 
metastatic niches and lead to disseminated 
disease. As a result of this high metastatic 
potential, there is no currently approved 
neoadjuvant systemic approach for RCC 
using targeted therapies such as sunitinib or 
pazopanib. The use of these agents is also not 
approved in the adjuvant setting after 
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nephrectomy. Multiple studies have failed to 
show a survival benefit of adjuvant TKI use 
or immunotherapy after definitive surgery 
underscoring the importance of early inter-
vention with upfront surgery [7].

Loss of chromosome 3p is the most fre-
quent genetic mutation in RCC. In addition 
to VHL, this region also contains the gene, 
PBRM1 (3p21). PBRM1 is a purported “gate-
keeper” gene and plays a significant role in 
DNA repair, replication, and transcription. 
Somatic mutations have been found in 41% 
of clear‐cell renal carcinomas but may be has 
high as 50% [8,9]. Loss of the PBRM1 has 
been correlated with advanced stage, higher‐
grade disease, and worse patient outcomes 
[10]. Alterations of chromosome 3p may 
mark a key genetic event, either inherited or 
acquired, that drives early tumorigenesis. 

Multiple genetic changes have been observed 
in RCC, including gain of 5q containing 
TGFB1 and CSF1R and deletion of 14q har-
boring the tumor suppressor candidate, 
NRXN3.(11) Loss of 14q was associated with 
higher‐grade disease and worse survival 
[11,12].

mTOR is a serine/threonine kinase that 
couples with adapter proteins forming two 
distinct complexes, mTORC1 and mTORC2. 
mTORC1 activation has been implicated in 
>50% of RCCs [13]. Interestingly, HIF‐1α has 
been shown to increase the expression of 
REDD1, a known inhibitor of mTORC1 [14]. 
Under hypoxic conditions, the stabilization 
of HIF‐1 levels lead to the inhibition of 
mTOR signaling. This inhibition is depend-
ent on the gene products of TSC1 (tuber-
ous sclerosis complex 1) and TSC2 [14]. 

VEGF PDGF

Renal carcinoma cells

STMULATION OF GFS

Stromal cells

AUTOCRINE

PARACRINE

Bevacizumab

Sunitinib
Sorafenib
Pazopanib

PI3K

mTORTemserolimus
Everolimus

Sunitinib, Pazopanib

HIF1α HIF1β

VHL Complex

Hypoxia or 
Mutated VHLVHL ComplexX

Figure 1.1  Molecular dysregulation of renal cell carcinoma. Under normal hypoxic conditions or in the 
presence of VHL mutations, HIFα and HIFβ form a heterodimer, translocate to the nucleus and function as a 
transcription factor. Small molecule tyrosine kinase inhibitors (TKIs), Sunitinib and Pazopanib, or monoclonal 
antibodies (Bevacizumab) can abrogate VEGF signaling in RCC. TKIs can also attenuate the PI3K/mTOR and 
MAPK pathways shown. Temsirolimus and everolimus can directly antagonize mTOR signaling, inhibiting 
growth in certain RCCs. Adapted from Clin Cancer Res. December 15, 2006; 12(24):7215–7220.
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Mutations in TSC1 and PTEN may abrogate 
the effect of the HIF‐1 signaling axis on 
mTOR inhibition, resulting in a second and 
distinct mechanism of carcinogenesis [15].

Everolimus binds to FKBP‐12 and inhibits 
the activity of mTORC1. A Phase III trial that 
examined the effect of everolimus in patients 
with metastatic RCC who had progressed on 
TKI therapy was stopped early when 37% of 
the total progression events were shown in the 
everolimus group compared to 65% in the 
placebo arm [16]. In 2010, the final results of 
the trial showed a 3‐month progression‐free 
survival advantage following treatment with 
everolimus [17]. Temsirolimus, an intravenous 
inhibitor of mTORC1, increased overall sur-
vival in untreated patients with metastatic 
RCC and poor prognostic features [18]. Similar 
to TKI therapy, there is no role for mTOR 
inhibitors in the treatment of localized RCC.

The discovery of TKIs has revolutionized 
the treatment of metastatic disease and 
improved overall survival. Surgery remains 
the main treatment for localized disease. 
With the development of next‐generation 
TKIs, targeted therapy may complement a 
surgical approach for early‐stage disease.

Bladder Cancer

Bladder cancer is the fourth‐most com-
mon neoplasm in males, consisting pre-
dominantly of urothelial carcinoma. The 
pathological stage of the tumor distin-
guishes between nonmuscle‐invasive 
disease and muscle‐invasive disease. Use 
of “molecular grading” may also aid con-
ventional staging parameters and further 
define muscle‐ versus nonmuscle‐invasive 
disease. Common alterations in cell‐cycle 
regulation and growth pathways of bladder 
cancers are described next.

Cell‐Cycle Regulation

Alterations in cell‐cycle regulation pathways 
were found in approximately 90% of all muscle‐
invasive bladder cancers [19]. In this study, 

the Cancer Genome Atlas Research Network 
(CGARN) found that TP53 mutations were 
found in 49% of cancers. Other studies have 
found that mutations in TP53 were associ-
ated with recurrence of nonmuscle‐invasive 
bladder cancer as well as disease progression 
and poor prognosis [20,21]. There are 
conflicting data regarding the utility of p53 
alteration when used to direct the adminis-
tration of neoadjuvant therapy [22–24]. 
Although a common event in carcinogenesis, 
using p53 alterations as a sole biomarker to 
dictate treatment is of unclear clinical 
significance.

Studies have also incorporated other cell‐
cycle regulators in conjunction with p53 to 
better risk stratify patients. Garcia del Muro 
et  al. examined the relationship of p53 and 
p21 overexpression to survival [25]. P53 reg-
ulates p21 expression, a cyclin‐dependent 
kinase inhibitor, which can arrest cell growth 
by inhibiting Rb phosphorylation. Patients 
with T2‐T4a, N0 disease received neoadju-
vant chemotherapy followed by either radia-
tion or surgery, depending on residual 
disease status. Patients harboring tumors 
that overexpressed p53 and p21 had a worse 
overall survival compared to patients with 
normal expression levels. A retrospective 
study showed that patients with pT1 disease 
treated with radical cystectomy were 24 and 
27 times more likely to have disease relapse 
and cancer‐specific death if alterations were 
found in p53, p27, and Ki‐67 expression [26]. 
The combination of increased p53 and pRB 
expression with alterations in p21 levels 
resulted in an 8% five‐year survival rate after 
cystectomy in another study [27].

Other genes and proteins involved in 
mediating p53 signaling have also been impli-
cated in promoting bladder carcinogenesis. 
Loss of chromosome 9 is thought to be an 
early event occurring in more than 50% of all 
cases [28]. CDK2NA/ARF maps to 9p21, a 
region commonly lost in bladder cancer. This 
region encodes p16ink4A and p14ARF, respec-
tively [29]. Cycle D1 can complex with CDK4, 
which results in the phosphorylation of Rb 
and release of E2F, allowing for progression 
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of the cycle. In the absence of mutation, p16 
can form a binary complex with CDK4 
antagonizing the effect of cyclin D1 and pre-
venting the cell from progressing into S phase 
[30]. Frequent deletion of p16ink4A and the 
resulting loss of p16 in bladder cancer allow 
the function of Cyclin D1 to go unchecked. 
Loss of p14 allows MDM2, the E3 ubiquitin 
ligase, to downregulate p53 protein levels 
further destabilizing cell‐cycle regulation 
[31]. In one study, homozygous and hete-
rozygous deletions in CDK2NA/ARF have 
been reported to occur in 14% and 12% of 
bladder cancers, respectively [32]. More 
recently, recurrent focal deletions in CDK2NA/
ARF were found in 47% of tumors [19].

FGFR3 and Receptor Tyrosine Kinases

Fibroblast growth factor receptor 3 is part of 
a family of receptor tyrosine kinases that 
have been implicated in angiogenesis, apop-
tosis, and chemotaxis [33]. Inherited muta-
tions in FGFR3 have been well studied 
because of resulting achondroplasia and 
skeletal dysplasia [34]. Acquired mutation of 
FGFR3 is a common event in low‐grade and 
nonmuscle‐invasive bladders cancers [35,36]. 
FGFR3 mutation has also been associated 
with a low recurrence rate in nonmuscle‐
invasive bladder cancers treated with tran-
surethral resection of bladder tumor 
(TURBT) and, in conjunction of normal 
MIB‐1 expression, may be a better predictor 
of outcome than pathological staging [37,38]. 
The role of FGFR3 mutation in muscle‐
invasive disease is less well established.

FGFR3 can activate multiple downstream 
pathways including the Ras/Raf/MEK/ERK 
and PI3K/AKT signaling axis (Figure  1.2). 
HRAS has been shown to be frequently 
mutated in bladder cancer and is known to 
be activated by FGFR3 through adaptor pro-
teins [39]. Activation of the resulting MAPK 
pathway may serve as a potential target for 
therapy. Small molecular inhibitors of FGFR3 
have shown promise in preclinical studies 
[40]. However, mutation in downstream 
mediators may convey early resistance and 

limit therapeutic benefit. Targeting the  
c‐RAF/MEK/ERK pathway could complement 
FGFR inhibition or be considered as mono-
therapy with growth inhibition shown in 
xenograft models [41].

The PI3K/AKT pathway is also known to 
be active in bladder cancer with activating 
mutations found in 17% of cases [19]. In this 
study, AKT was overexpressed in 12% of 
patients, TSC1 truncated in 6%, and PTEN 
mutated in 2% of specimens. PI3K and AKT 
have known small molecular inhibitors 
currently being used in clinical trials, but no 
data is available with respect to bladder can-
cer. mTOR inhibitors, such as everolimus, 
have shown modest clinical benefit in meta-
static transitional cell carcinoma [42].

EGFR, ERBB2 (HER2), ERBB3, and ERBB4 
have also been shown to be overexpressed in 
bladder cancer [43–45]. A Phase II trial 
showed potential clinical benefit of cituxi-
mab in combination with paclitaxel in 
patients with metastatic urothelial cancer 
[46]. Lapatinib, a dual kinase inhibitor of 
EGFR and HER2, did not meet its primary 
end point for treatment as a single agent for 
recurrent transitional cell carcinoma [47].

The identification of well‐studied signaling 
pathways that are altered in bladder carcino-
genesis is vital to understanding disease 
development and progression. The role of 
targeted therapy in the neoadjuvant or adju-
vant setting remains unknown. Most clinical 
trials looking at the effect of small molecular 
inhibitors in the metastatic setting are 
currently of unclear benefit. Currently, these 
altered pathways can be used to better 
characterize more indolent from aggressive 
disease within the known categories of 
muscle‐invasive or nonmuscle‐invasive disease 
via a process called molecular grading or 
staging.

Molecular Grading

Several groups have identified molecular 
profiles to help predict recurrence and over-
all survival. TP53 mutations have been asso-
ciated with muscle‐invasive disease, whereas 
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FGFR3‐activating mutations are thought 
to  result in lower stage/grade tumors 
(Figure 1.3) [45]. Lindgren et al. developed a 
molecular signature defining two molecular 
subtypes of tumors within both low/high 
grade as well as invasive versus noninvasive 
categories [48]. TP53/MDM2 alterations 
were seen in the more aggressive MS2 sub-
type. The MS1 group was defined by FGFR3/
PIK3CA mutated tumors and conveyed a 
better prognosis across grade and stage. 
Sjodahl et  al. defined five molecular sub-
classes of urothelial cell carcinoma: urobasal A, 
genomically unstable, urobasal B, SCC‐like, 
and heterogeneous infiltrated [49]. Urobasal 
A was characterized by high FGFR3 and 
TP63 expression as well as a normal pattern 
of cytokeratin expression and conveyed the 
best prognosis. Genomically unstable tumors 
had TP53 mutations, ERBB2 expression, 
and  decreased cytokeratin staining, all of 
which portended a worse prognosis. 
Urobasal B shared FGFR3 overexpression 
and TP53 mutation with several alterations 

in cytokeratin expression to suggest an 
evolution from urobasal A. Other groups 
have shown increased expression in lysoso-
mal cysteine proteases, matrix metallopro-
teinases, and genes involved in angiogenesis 
in muscle‐invasive tumors [50]. Choi et  al. 
designated three major clusters for bladder 
tumors: basal, luminal, and P53‐like [51]. 
The basal phenotype had overall shorter 
survival and was characterized by p63 
activation, squamous cell differentiation as 
well as the presence of EMT biomarkers. 
Luminal type showed a similar pattern of 
expression to luminal breast cancers, includ-
ing the activation of ER pathways, ERBB2 
expression, and activating FGFR3 mutations, 
which respond more favorably to therapy. 
TP53 mutations were distributed equally 
among all three classes, but the P53‐like 
group had “normal” expression of P53 regu-
lated genes but still conveyed a resistance to 
chemotherapy.

These findings lay the groundwork for 
using “molecular staging” of bladder cancers 

EGFR HER2/neuFGFR3

Stats
PI3K Ras PLC-g-1

PKCAKT

mTOR

MAPK/Erk Ral A,B

Activation

Proliferation, Survival,
Invasiveness, Angiogenesis

Figure 1.2  Activated signaling pathways in bladder cancer. Mutations and overexpression of FGFR3, EGFR, and 
HER2 result in activation of downstream pathways shown and drive cell cycle progression, growth, and 
angiogenesis. PI3K, MAPK, and mTOR inhibitors are clinically available and may attenuate downstream 
signaling. Adapted from Thomas CY, and Theodorescu D. “Molecular Pathogenesis of Urothelial Carcinoma and 
the Development of Novel Therapeutic Strategies.” In Lee CT, and Wood DP. Bladder Cancer: Diagnosis, 
Therapeutics, and Management. New York, NY: Humana Press, 2010.
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to better define high‐ and low‐risk groups 
within invasive and noninvasive tumors. This 
may provide a clearer basis for recommenda-
tions regarding surveillance cystoscopies and 
early intervention in certain nonmuscle‐
invasive cancers. More research needs to be 
done to define the “invasiveness” of bladder 
tumors. Alterations in P53 may lead to a 
more aggressive phenotype through an 
unclear mechanism, whereas FGFR3 muta-
tion may facilitate growth without the neces-
sary dysregulation for invasion and eventually 
metastasis.

Prostate Cancer

Epidemiology

Prostate cancer is the most‐common epithe-
lial cancer in males with a lifetime risk of 
more than 15% for developing the disease. 
Despite the high incidence of the disease in 

the United States, only 4% of prostate cancers 
are metastatic at the time of diagnosis. The 
large majority of new cases are confined to 
the prostate or regional lymph nodes, which 
confers a favorable prognosis. The SEER 
database (2003–2009) estimates the 5‐year 
relative survival for newly diagnosed prostate 
cancer to be above 99%. Based on epidemiol-
ogy alone, these data suggest that many pros-
tate cancers have an indolent phenotype.

On autopsy, prostate cancer was inciden-
tally found in 34.6% of U.S. Caucasian men 
older than the age of 50 [52]. Younger men in 
their 40s (34%) and 30s (27%) also had a con-
siderable likelihood of harboring foci of pros-
tate cancer [53]. The high prevalence of 
clinically insignificant disease in young indi-
viduals underscores the notion that many 
cases of prostate cancer do not need to be 
treated. Precancerous lesions such as 
prostatic intraepithelial neoplasia (PIN) and 
proliferative inflammatory atrophy (PIA) 
were also identified in these men. PIN lesions 
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Urothelial HyperplasiaUrothelial Dysplasia/CIS

Low-Grade CancerHigh-Grade Cancer

Invasive Cancer
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Figure 1.3  Molecular pathogenesis of bladder cancer. Clear patterns of dysregulation are observed in low‐
grade (LG) urothelial cancer (UCa) versus high‐grade (HG) and invasive disease. LG UCa have a high rate of 
recurrence and can progress to HG UCa in 15% of cases, which may lead to invasive and metastatic disease. 
Adapted from Nat Rev Urol. 2011 Dec 13;9(1):41–51.
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contain proliferating epithelial cells charac-
terized by an enlarged nucleus and promi-
nent nucleoli found within a ductal 
structure  [54]. High‐grade PIN (HGPIN) is 
more common in the aging prostate and con-
tains similar genetic and molecular altera-
tions to that of carcinoma [55]. Although 
atrophic in appearance, PIA lesions have 
high levels of Bcl‐2, increased Ki‐67, and 
reduced levels of cell‐cycle inhibitors [56]. A 
chronic inflammatory infiltrate is commonly 
found associated with these lesions and has 
been implicated in carcinogenesis. PIA is 
found adjacent to or in close proximity to 
HGPIN in 46% of samples analyzed in one 
study, which may suggest an evolutionary 
relationship between the two [57]. The 
progression from normal epithelium to pre-
cursor lesions and eventual prostate cancer 
may take years or even decades. In many of 
these men, their disease will remain subclini-
cal and untreated without consequence. The 
difficulty for the urology and oncology com-
munities is to identify the aggressive, lethal 
forms of the disease. Decades of research 
have been dedicated to studying the tumor 
biology of precursor lesions, hormone sensi-
tive PCa, castration resistant PCa, and meta-
static disease in the hope of identifying those 
patients who will require treatment.

Molecular Pathogenesis: Inflammation 
and Genomic and Protein Alterations

Nelson et  al. studied and characterized the 
molecular pathogenesis of prostate cancer 
[58]. Similar to the findings in colon cancer 
[59], prostate cancer progresses from normal 
epithelium to carcinoma through a series of 
common molecular alterations (Figure  1.4). 
Inherited mutations and early somatic 
changes have been discovered in genes medi-
ating the body’s inflammatory response.

A study of prostate cancer families 
identified a region of chromosome 1 
(1q24‐25) involved in cancer susceptibility 
[60]. Germline mutations in RNASEL/HPC1 
(1q25) cosegrated with prostate cancer 
within these families. RNASEL/HPC1 encodes 

RNAseI, an interferon regulated endoribo-
nuclease, which degrades both cellular and 
viral RNA [61]. Casey et  al. noted that an 
Arg462Gln variant was implicated in 13% of 
prostate cancers [62]. Impaired apoptosis has 
resulted from mutations in RNAsel and is a 
proposed mechanism for tumorigenesis [63]. 
Macrophage scavenger receptor 1 (MSR1) 
has also been implicated in hereditary pros-
tate cancer and has a role in the innate 
immune response [64]. This gene maps to 
chromosome 8p22, a region that undergoes 
loss of heterozygosity in 69% in cases of pros-
tate cancer [65]. A mutation in the receptor 
may impair the ability of the cell to remove 
reactive oxygen species leading to increased 
level of oxidative DNA damage [66]. NKX3.1, 
located at 8p21, is an androgen‐regulated, 
prostate‐specific homeodomain protein 
essential for normal prostate development 
and thought to be a key tumor suppressor 
in  prostate carcinogenesis [67,68]. NKX3.1 
levels are decreased in proliferative inflamma-
tory atrophy and downregulated in response 
to inflammatory cytokines [69,70]. Decreased 
levels of NKX3.1 have been shown to increase 
growth, decrease apoptosis, and affect DNA 
repair [71,72]. Moreover, the loss of NKX3.1 
correlates with disease progression [73]. 
GSTP1 undergoes somatic inactivation via 
promoter methylation in approximately 90% 
of prostate cancers [74,75]. This “caretaker” 
gene encodes a glutathione S‐transferase that 
is responsible for neutralizing electrophilic 
carcinogens and reactive oxygen species [76]. 
Loss of GSTπ protein expression was seen in 
more than 90% of prostate cancer specimens 
in one study [74]. It is thought that GSTπ has 
a key role in maintaining genetic integrity. 
Many of the inherited mutations/deletions as 
well as acquired somatic changes implicated 
in prostate carcinogenesis, involve genes reg-
ulating inflammation, oxidative DNA dam-
age, and cellular immunity.

The ultimate tumor‐sparing approach to 
prostate cancer would be chemoprevention. 
The preceding data generated significant 
interest in antioxidants and nonsteroidal 
anti‐inflammatory drugs (NSAIDs) as potential 
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agents to reduce cancer incidence. Several 
meta‐analysis studies have not definitively 
shown any benefit of NSAIDs to protect 
against prostate cancer [77]. Unfortunately, 
the side‐effect profiles of these drugs pre-
clude their long‐term daily use, particularly 
without compelling evidence of therapeutic 
benefit. Antioxidants such as selenium and 
vitamin E are common over‐the‐counter 
supplements. The SELECT trial sought to 
examine the effect of selenium alone, 
vitamin E alone, or the combination of both 
on prostate cancer incidence. The initial 
data, released in 2009, showed no benefit in 
any of the trial arms [78]. However, after 
longer follow‐up, the arm using vitamin E 

alone had a statistically significant increase 
in the amount of prostate cancer compared 
with the placebo group [79]. This data was 
discouraging, particularly given the strong 
interest in inflammation‐induced carcino-
genesis. Although it is widely accepted that 
intraprostatic, chronic inflammation is a risk 
factor for development of prostate cancer, a 
novel means to reduce cancer incidence by 
taking advantage of this mechanism remains 
unknown.

Amplification of chromosome 8q, which 
contains the gene, c‐MYC (8q24), is a known 
finding in both HGPIN and carcinoma. 
Increased copy numbers of c‐MYC and 8q 
correlate with increasing Gleason score, 
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Figure 1.4  Pathogenesis of prostate cancer. Several common genetic insults have been observed throughout 
the progression of normal epithelium to malignancy. Inherited and somatic mutations are found in key genes 
regulating the immune response. Loss of the tumor suppressor genes, NKX3.1 and PTEN, are early events in 
tumorigenesis predisposing the epithelium to malignant change. Loss of response to androgen withdrawal 
can occur later in disease development. Adapted from N Engl J Med. 2003 Jul 24;349(4):366–81.
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disease progression, and poor prognosis 
[80–82]. MYC is a known oncoprotein 
upregulated in a variety of cancers and regu-
lates cell proliferation, protein synthesis, and 
metabolism. Both mRNA and protein levels 
of c‐MYC are elevated in prostate cancer as 
well as PIN, which suggests a key role of the 
protein in tumorigenesis [83]. Gain of MYC 
expression in murine models resulted in both 
PIN and adenocarcinoma formation recapit-
ulating human prostate cancer [84].

Both amplification of 8q24 and c‐MYC 
overexpression has been shown to predict 
biochemical recurrence after prostatectomy 
[85]. Fluorescence in situ hybridization 
(FISH) detection of 8q copy number may 
be  a  useful strategy to better risk stratify 
low‐grade tumors. One study using RNA 
interference showed that MYC might be a 
downstream target of AR signaling [86]. 
Additionally, MYC has been shown to be a 
mediator of ligand‐independent AR signal-
ing, suggesting a mechanism for castration 
resistance [87]. The development of an effec-
tive inhibitor of MYC function may have 
clinical use to treat early hormone refractory 
prostate cancer. For now, MYC is a useful 
marker for disease progression and tumor 
aggressiveness.

PTEN is a known tumor‐suppressor gene 
that encodes a phosphatase, which can target 
both protein and lipid substrates. By inhibit-
ing the PI3k‐Akt pathway, PTEN is thought 
to have a key role in inhibiting cellular 
growth. The gene undergoes somatic muta-
tion during prostate cancer progression and 
reduced protein expression is observed in 
higher grade and advanced disease [88,89]. 
In mouse models, Nkx3.1 loss cooperates 
with Pten loss to form murine PIN and inva-
sive adenocarcinoma of the prostate [90,91]. 
NKX3.1 can upregulate IGFBP3 leading to 
decreased AKT phosphorylation and cell 
growth [72]. In the presence of decreased 
levels of NKX3.1, loss of PTEN activity may 
lead to unregulated activity of AKT and 
downstream targets such as p27. CDKN1B 
encodes p27, a cyclin‐dependent kinase 
inhibitor. Decreased levels of p27 has been 

shown to be a negative predictor of survival 
in organ‐confined PCa treated with radical 
prostatectomy [92]. Inhibition of the andro-
gen receptor has been shown to increase 
AKT signaling, which suggests a novel mech-
anism for resistance to androgen resistance 
[93]. Androgen ablation in conjunction with 
abrogation of the AKT signaling axis may be 
a potential therapeutic intervention for high‐
risk, localized prostate cancer. The Eastern 
Cooperative Oncology Group (ECOG) is 
studying the effect of AKT inhibition in 
combination bicalutamide in patients with 
biochemical recurrence. The results of this 
Phase II study are pending.

In 2005, ERG was discovered to be overex-
pressed in prostate cancer specimens [94]. 
Using cancer outlier profile analysis (COPA), 
ERG and ETV1, both members of the ETS 
transcription factor family, were noted to be 
outliers in prostate cancer [95]. Further anal-
ysis showed that both genes were found as 
fusion products with the 5’ untranslated 
region of the androgen responsive TMPRSS2 
gene. More than 20 members of the ETS fam-
ily have been found in gene rearrangements 
with ERG being the most‐common and 
implicated in approximately 50% of prostate 
cancers [96]. Interestingly, the TMPRSS2‐
ERG fusion has not been found in normal 
prostate epithelium but has been shown in 
HGPIN [97]. This finding suggests a key role 
for this fusion product in carcinogenesis. The 
prognostic significance of the gene fusion is 
less clear. Although higher levels of ETS tran-
scription factor expression were found in 
cancers with a lower Gleason score, a popula-
tion cohort study found an association 
between the presence of the TMPRSS2:ERG 
fusion and prostate cancer‐specific death in 
patients managed with watchful waiting 
[98,99]. In 2012, a cohort of 1,180 men treated 
with radical prostatectomy found no signifi-
cant association between TMPRSS2:ERG 
and biochemical recurrence or mortality 
[100]. There remains conflicting evidence 
regarding the prognostic implication of the 
gene fusion and how best to use this informa-
tion. However, the presence of the fusion at 
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early stages of disease may aid with more 
accurate and earlier diagnosis particularly 
when combined with prostate‐specific anti-
gen (PSA) screening [101].

Gene Expression and Molecular‐
Modeling Concepts

The link between high PSA, Gleason score, 
and clinical staging with PCA outcomes is 
well established. Yet within each category, 
there is a large degree of heterogeneity result-
ing in uncertainty about which cancers will 
remain clinically irrelevant or aggressive and 
fatal. As research techniques have become 
more sophisticated, a better understanding of 
the genetic and molecular dysregulation has 
resulted. The clarification of tumor biology 
may serve to complement the conventional 
risk stratification criteria for treatment.

Several studies have examined the gene 
expression profiles within prostate cancers at 
different stages of both development and pro-
gression. Clarifying the mechanism of how 
prostate cancers are initiated and eventually 
evolve may explain how some cancers can be 
managed with a tissue‐sparing approach 
compared with definitive resection.

Microarray expression profiling became 
popularized in the late 1990s and early 
2000s. This technique allowed researchers 
to survey the differential expression of a 
large number of genes. Common molecular 
changes in prostate cancer were already 
known including overexpression of c‐MYC 
and loss of p27 and PTEN. Several groups 
investigated the gene expression profiles of 
tumor compared to normal prostate tissue 
[102,103]. These early studies validated the 
technique and identified a number of genes 
differentially expressed in malignant tissue. 
Singh et al. compared microdissected tumor 
cells to normal prostate and sought to iden-
tify a high‐risk signature that could be cor-
related with outcome [104]. A 5‐gene 
signature that included, IGFBP3, PDGFRb, 
and Chromogranin A was predictive of 

disease‐free survival. Traditional markers of 
aggressiveness, PSA, and Gleason score did 
not significantly correlate with disease‐free 
survival in this study. In 2003, Best et  al. 
analyzed high‐ and moderate‐grade tumors 
to identify a different 21‐gene signature to 
predict high‐grade cancers (Gleason 9‐10 
vs. 5‐7) [105]. This signature was not tested 
to predict clinical outcome and showed 
little commonality with prior studies. 
Biochemical recurrence was also predicted 
based on microarray analysis, but little 
overlap was noted in comparison to the 
Singh data [106].

A consensus pattern defining high‐risk dis-
ease has remained elusive. It is this heteroge-
neity that has limited attempts to define a 
meaningful molecular signature that may be 
used in the clinical setting to guide therapy. 
LaPointe et  al. made the observation that 
low‐grade tumors had a profile closer to nor-
mal prostate epithelium, perhaps suggestive 
of a more differentiated state [106]. Genes 
involved in cellular invasion and angiogene-
sis defined higher grade cancers. Because 
there is not a defining gene “signature” across 
multiple studies, a potential use of microar-
ray analysis may be to identify themes of 
molecular changes.

Tomlins et  al. used “molecular concepts,” 
which are defined as a set of biologically con-
nected genes to characterize prostate car-
cinogenesis [107]. This approach seeks to 
identify patterns of dysregulation rather than 
changes in individual genes. In their study, 
more than 14,000 molecular concepts were 
analyzed to define progression signatures 
from benign epithelium through metastatic 
disease (Figure  1.5). Interestingly, Tomlins 
et  al. found only subtle differences in gene 
expression between low‐ and high‐grade 
tumors as in LaPointe et al. No clear pattern 
of differential gene expression was identified. 
Using molecular concept mapping analysis, 
the group found a strong enrichment of 
decreased androgen signaling in high‐grade 
tumors. Genes known to be upregulated in 
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the presence of androgens had lower levels of 
expression with more advanced disease. This 
trend was most significant in metastatic 
disease and may highlight the selection of 
cell populations that can survive with low 
levels of androgen signaling. Also noted 
throughout disease progression was an 
increase in ETS target genes, protein biosyn-
thesis, and amplification of MYC, which are 
known markers of advanced disease.

The studies using microarray and, later, 
molecular concept mapping, highlight the 
evolutionary changes in prostate cancer. 
Teasing out the key regulator genes and 
proteins that define both low‐ and high‐risk 
disease has been difficult. What is clear is 
that prostate cancer remains largely an 
indolent disease. Several alterations in gene 
expression, mutation, and copy number are 
required to progress from normal epithe-
lium to prostate cancer, which can take 
decades to occur.

As shown in Tomlins et al. decreases in 
androgen signaling may be a hallmark of 

higher risk disease and eventually metas-
tasis. The dedifferentiation that defines 
higher Gleason scores may reflect the abil-
ity of the tumor to progress with less reli-
ance on the androgen signaling axis. 
Perhaps, the efficiency of the tumor to use 
alternative pathways for survival may be a 
key determinant for further disease pro-
gression. Such an example may involve 
MYC, which also becomes amplified in 
progression of disease as well as correlat-
ing with higher Gleason score. Moreover, 
the transformation to androgen independ-
ence may be reflective of changes in sugar 
metabolism or the ability to metabolize 
sex hormones [108]. As tumors become 
less responsive to hormonal therapies, 
new targeted therapies are needed to fur-
ther prolong survival and delay chemo-
therapy. Molecular concept mapping has 
identified novel pathways that may be key 
to further understanding androgen inde-
pendence and lead to clinically relevant 
interventions.
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Figure 1.5  Molecular concept mapping of prostate cancer. The relative expression of molecular concepts are 
mapped according to prostate cancer progression from benign epithelium to hormone naïve (HN) and 
hormone refractory (HR) metastatic disease. Seven of the highest enriched concepts are shown. Adapted from 
Nat Genet. 2007 Jan;39(1):41–51.
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The Prostate

Although often simply referred to as prostate 
cancer, malignant tumors of the prostate 
represent a wide spectrum of morphological 
features with a clinical behavior ranging from 
generally indolent to metastatic and fatal. The 
most common and widely studied type gener­
ally referred to as prostate cancer is acinar 
adenocarcinoma, which is treated based on 
preoperative clinico‐pathological parameters, 
the most important being biopsy Gleason 
score (GS), number of positive cores and 
extent of core involvement, serum prostate‐
specific antigen (PSA) levels, age, and comor­
bidity. With accumulated experience, it has 
become clear that the main challenge in treat­
ing prostate cancer is to avoid overtreatment 
of insignificant cancer (organ‐confined dis­
ease with GS ≤6 and tumor volume <0.5 cm3), 
while being able to identify cases that warrant 
definitive therapy [1]. Selecting patients for 
active surveillance or active intervention of 
some type requires a full understanding of the 
Gleason grading system and its implications 
with regard to tumor multifocality.

In the last 10 years, the Gleason grading sys­
tem has undergone significant changes related 
to defining new histological variants and refine­
ment of the morphological criteria of different 
Gleason grades [2]. Using the contemporary 

system, cribriform glands are not accepted as 
pattern 3, and ill‐defined nonfused glands are 
considered pattern 4 (Figure 2.1a,b). This has 
resulted in upward shift of Gleason grading, 
making a cancer with Gleason score of 6 a pure 
homogeneous group with a uniformly excellent 
prognosis. A recent study analyzing more than 
14,000 prostatectomies from four institutions 
demonstrated that none of the cases with a 
final GS of 6 had positive lymph nodes, while 
the presence of pattern 4, even as a tertiary 
pattern, was associated with the presence of 
lymph nodes metastases [3].

Gleason grading is generally applied to the 
acinar variant of adenocarcinoma with some 
of its subtypes tightly linked to correspond­
ing grades such as the signet cell ring‐like 
variant, which is equivalent to grade 5. In 
comparison, some variants have a variable 
behavior and are assigned a grade solely 
based on the underlying architecture. As an 
example, the mucinous carcinoma is graded 
as 3 or 4 depending on underlying archi­
tecture (Figure  2.1c), whereas pseudo‐
hyperplastic and atrophic variants are more 
commonly assigned grade 3. Similarly, the 
presence of extensive intracytoplasmic vacu­
oles (Figure 2.1d) or Paneth‐cell like changes 
should be disregarded when assigning a 
grade because they may be misinterpreted 
as patterns 4 or 5, which is not consistently 
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(a) (b)

(c) (d)

(e) (f)

Figure 2.1  (a) Individual well‐formed glands of Gleason pattern 3. (b) Fused glands of Gleason pattern 4. 
(c) Mucinous prostatic adenocarcinoma in prostate biopsy. Separate malignant glands in mucin pool should 
be graded as Gleason score 3 + 3 = 6. (d) Gleason score 3 + 3 = 6 prostatic adenocarcinoma with multiple 
intracytoplasmic vacuoles which should be not included in grading. (e) Prostatic duct adenocarcinoma 
(right‐hand side) and acinar prostatic carcinoma (left‐hand side) in the same specimen. (f ) Intraductal spread 
of prostatic carcinoma in biopsy specimen. Presence of basal cells demonstrated by p63 immunostain (inset).
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reflective of their biologic behavior. Nonacinar 
variants such as prostatic duct adenocarci­
noma (Figure 2.1e) and small cell carcinoma 
are not assigned a grade but are clinically 
equivalent to patterns 4 and 5, respectively. 
Intraductal carcinoma (Figure  2.1f ) is the 
perfect illustration of a noninvasive lesion that 
should be recognized by pathologists and 
urologists because it indicates the presence 
of an associated higher‐grade cancer even 
when not sampled by the biopsy (GS ≥7).

In 1994, Epstein et al. suggested criteria for 
appropriately selecting patients for inclusion 
in active surveillance protocols; nonpalpable 
disease (T1c), biopsy GS ≤6, involvement of 
two ore less cores, 50% maximal core involve­
ment, and PSA density <0.15 [1]. These 
recommendations were based on relatively 
limited biopsy material (the median number 
of cores per biopsy set was five). In addition, 
the population studied for this report was 
predominantly Caucasian. Refinements of 
the originally suggested criteria have led to 
modest improvements in the robust negative 
predictive value of this approach [4]. 
Although the Epstein criteria provide excel­
lent guidance with regard to initial risk strati­
fication, several factors related to biopsy 
technique have contributed to disease mis­
classification and warrant mention.

Large anterior dominant tumor nodules 
were often not sampled because of the defi­
ciency of template 12‐core biopsy tech­
nique to access the transitional and anterior 
zones (Figure 2.2a). In addition, posterolat­
eral small‐volume tumor nodules of GS ≥7 
could be missed using 12‐core template 
biopsy (Figure  2.2b). In addition to these 
known limitations of template biopsy strat­
egies, prediction of clinically insignificant 
disease has been a challenge in specific 
populations of patients. For example, stand­
ard criteria are significantly less successful 
in identifying AA candidates of active 
surveillance for reasons that may have 
an  underlying biological basis. Anterior 
dominant tumor nodules may be seen in 
28.5–28.7% of Caucasian and 44–50.6% of 
African American patients [4,5].

Multifocality has long been known to be a 
characteristic feature of prostate cancer. The 
analysis of radical prostatectomy specimens 
has revealed multifocality in 50–87% of cases 
[6,7]. Multifocal cancer was often believed to 
result from a field effect with multifocal pri­
mary disease, and only limited data show this 
to be the result of intra‐organal dissemina­
tion of one primary tumor to different areas 
within the gland [8,9]. Previous reports 
suggested that multifocal prostate cancer is 
associated with higher grade, stage, and 
recurrence rate. In the most recent work on 
the subject, Huang et al. analyzed consecu­
tive radical prostatectomies and concluded 
that there was no significant difference in 

(a)

(b)

Figure 2.2  (a) Anterior dominant tumor nodule 
only partially sampled by a biopsy leading to either 
undergrading or inaccurate volume estimation. 
(b) Small volume high‐grade posterolateral tumor 
volume not sampled by template biopsy.
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grade, stage, total tumor volume, and status 
of surgical margins in unifocal versus multi­
focal disease [6]. In cases with final GS of 6, 
multifocality was seen in 70% of cases with 
approximately two‐thirds of these having 
bilateral disease [10]. Multifocality was 
mostly restricted to two or three separate 
tumor nodules with four or more nodules 
only rarely seen.

Tumor multifocality carries significant 
grading implications. Separate tumor nod­
ules need to be assigned individual grades 
rather than combining all patterns to create a 
composite Gleason score. The concept of the 
dominant/index tumor nodule was devel­
oped by the Stanford pathology group and 
reflects the importance of identifying the 
prognostically meaningful tumor nodule, 
which usually combines the largest volume, 
the most advanced pathological stage, and 
the highest grade [6,11]. In 11.3% of multifo­
cal cancers, the largest volume and highest 
stage and grade do not occur within the same 
nodule [6]. This fact has significant treatment 
implications in rapidly emerging sampling 
techniques guided by magnetic resonance 
imaging (MRI) because biopsies targeting a 
larger lower‐grade tumor nodule may not 
sample a smaller higher‐grade prognostically 
meaningful lesion. In addition, because only 
two positive cores are allowed for active sur­
veillance, the theoretical risk of hitting three 
or more separate insignificant tumor nodules 
may falsely misclassify the patient as having 
significant disease. This being said, testing a 
variation of the Epstein surveillance criteria 
allowing three or more positive cores in tem­
plate extended biopsy resulted in a noticeable 
increase of misclassifying significant cancers 
as amenable to active surveillance without 
appreciably increasing the pool of men 
correctly classified as having insignificant 
disease [4]. The true value of subclassifying 
pathological stage T2 is highly questionable 
because it is largely linked to tumor multifo­
cality rather than the grade and stage of each 
tumor nodule, which are the real prognosis 
determinants (Figure  2.3). In our practice 
we  report the location and grade of each 

tumor nodule and we semi‐quantitatively 
estimate tumor involvement of the gland as 
a percentage [4,12].

Unlike active surveillance, there are no 
standard criteria for enrollment of patients in 
focal therapy programs. The International 
Task Force on Prostate Cancer and the Focal 
Lesion Paradigm suggested that selection 
criteria include a minimum of 12 cores sam­
pling and absence of any Gleason pattern 4 or 
5 in addition to other histological, clinical, 
and imaging criteria [13]. Some experts have 
suggested that patients with limited pattern 4 
cancer may be candidates for focal interven­
tion [14]. Independent of the Gleason grade, 
the main limitation of focal therapy stems 
from the high incidence of multifocal and 
bilateral disease, and the inconsistent associ­
ation between size of the tumor nodule and 
the grade and stage of cancer, potentially 
leaving some high‐grade/high‐stage cancer 
contralateral to the treated side unsampled 
and untreated.

(a)

(b)

Figure 2.3  (a) pT2b tumor defined by unilateral 
disease involving >50% of a lobe. (b) pT2c tumor 
defined by bilateral disease. Despite higher stage in 
image b, the cancer in image a is of greater potential 
clinical significance because of a large tumor 
volume.
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The Kidney

The kidney is composed of two separate 
intimately related systems, the renal paren­
chyma, which performs excretory and endo­
crine functions, and the collecting system, 
which transports urine and is lined by 
urothelial cells. In this section, we will focus 
on epithelial and stromal tumors arising 
from the renal parenchyma. Renal urothelial 
tumors will be discussed in the corresponding 
section.

Following the publication of the latest 
World Health Organization (WHO) classifi­
cation of genitourinary tumors in 2004, there 
was a significant number of clinical, morpho­
logical, immunohistochemical, and mole­
cular discoveries that have significantly 
enhanced the knowledge in the field of renal 
tumors. In 2013, the members of the 
International Society of Urologic Pathology 
(ISUP) held a consensus conference analyz­
ing, categorizing, and summarizing the avail­
able data of renal neoplasms. This resulted in 
the development of the ISUP Vancouver 
Classification of Renal Neoplasia (Table 2.1). 
There was a consensus that published litera­
ture was sufficient to recognize five new 
epithelial tumor types as distinct neoplasms. 
Additionally, three rare carcinomas (thyroid‐
like follicular renal cell carcinoma [RCC], 
succinate dehydrogenase B deficiency‐
associated RCC, and ALK translocation RCC) 
were recognized as provisional entities. In 
addition, because no recurrence or metasta­
ses were documented in more than 200 cases 
of what was called “multilocular cystic clear 
cell RCC,” the decision was made to substi­
tute the term carcinoma with low malignant 
potential in those tumors [15].

With the exception of papillary adenoma, 
metanephric adenoma, and oncocytoma, 
most renal epithelial tumors are considered 
malignant. Clear‐cell, papillary, and chromo­
phobe RCC, and collecting duct carcinoma 
constitute the majority of sporadic RCCs. 
Although the latter is an aggressive tumor in 
which focal therapy is seldom, if ever, consid­
ered, the first three carcinomas presented in 

the order of decreasing clinical aggressive­
ness may be considered for such therapy 
[16,17]. In this context, biopsy of renal 
masses was shown to accurately subtype 
86–96% of tumors and to provide an accurate 
grading of 63–76% of cases in contemporary 
series [12]. Although clear‐cell, chromo­
phobe, and papillary RCCs can be diagnosed 
on biopsy without much difficulty in most 
cases, several histological caveats should be 
taken in consideration.

First, the distinction of clear‐cell RCC from 
the recently described clear‐cell papillary 
RCC, which may show overlapping features in 
small samples, is important clinically because 
the latter has a consistently indolent course. 
Second, papillary RCC type 1 and papillary 
adenoma are indistinguishable microscopi­
cally because they share the same morphology 
and immunoprofile, with the size of the lesion 
(0.5‐cm cutoff) being the only differentiating 

Table 2.1  ISUP Classification of Renal Cell Tumors.

Benign
Papillary adenoma
Oncocytoma

Borderline
Multilocular cystic clear‐cell renal cell 

neoplasm of low malignant potentiala

Malignant
Clear‐cell RCC
Papillary RCC
Chromophobe RCC
Hybrid oncocytic chromophobe tumor
Carcinoma of the collecting ducts of Bellini
Renal medullary carcinoma
Carcinoma associated with neuroblastoma
Mucinous tubular and spindle cell carcinoma
MiTF family translocation RCCb

Xp11 translocation RCC
T(6;11) RCC

Tubulocystic RCCb

Acquired cystic disease associated renal cell 
carcinomab

Clear‐cell tubulopapillary RCCb

Hereditary leiomyomatosis renal cell carcinoma 
syndrome‐associated RCCb

RCC, unclassified
a terminology change; b new entities
ISUP, International Society of Urologic Pathology.
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finding in localized disease. We address this 
issue by adding a comment to the pathology 
report emphasizing the need for clinical cor­
relation with tumor size and adequacy of 
sampling. Finally, the eosinophilic variant of 
chromophobe RCC can have and hybrid 
tumors do have areas indistinguishable from 
oncocytoma, which in addition to some over­
lapping immunophenotypic features make the 
distinction difficult in some cases. In terms 
of  grading, the previously used Fuhrman’s 
grading system was supplanted by the ISUP 
grading system that relies solely on nucleolar 
features. Although grading chromophobe 
RCC is not prognostic and is therefore not 
used, nucleolar grade is effectively applied to 
both clear‐cell and papillary RCCs (Figure 2.4). 
High‐grade tumors are usually not considered 
for focal therapy because they are associated 
with more aggressive local and systemic 
tumor characteristics in addition to a higher 
incidence of sarcomatoid, plasmacytoid, and 
rhabdoid changes that may not be sampled by 
a biopsy core [18]. Some of the newly described 
entities such as tubulocystic RCC and acquired 
cystic kidney disease (ACKD)‐associated 
RCC typically have prominent nucleoli, but 
they are associated with an indolent course.

Size is also an important criterion for con­
sidering focal therapy because it is closely 
linked to pathological stage. In a comprehen­
sive work by Bonsib, 85% of clear‐cell RCCs 
<4 cm were limited to the kidney, in compari­
son to 32% of tumors between 4.1 and 7 cm, 
and only 3% of those >7 cm [16]. Extrarenal 
extension, particularly renal sinus fat inva­
sion, is one of the most important RCC prog­
nostic factors, and its increased likelihood 
with the size is an indication for definitive 
and more radical surgical approaches. 
Overall, multifocal disease is seen in approxi­
mately 5% of nephrectomies performed in 
the sporadic setting with the highest rates 
reported in papillary RCC (10–16%) in com­
parison to 4% in chromophobe and 2% in 
clear‐cell RCC [19]. These rates increase 
significantly in the settings of familial RCC 
syndromes or end‐stage renal disease (ESRD) 
as will be discussed.

(a)

(b)

(c)

Figure 2.4  (a) Grade 1 clear‐cell RCC with small 
monomorphic nuclear and absence of nucleoli. 
(b) Grade 3 clear‐cell RCC with larger irregular 
nucleoli and prominent nucleoli. Higher grade 
clear‐cell RCC often has eosinophilic cytoplasm. 
(c) Grade 4 RCC with bizarre nuclei and rhabdoid 
change.
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In ESRD with hemodialysis, the likelihood 
of developing renal epithelial neoplasms is 
increased 100‐fold compared to a nonaf­
fected kidney. This is applicable to both car­
cinomas analogous to those developing in 
healthy kidneys and entities appearing to be 
specific to ESRD. In the setting of ESRD, the 
likelihood of primary multifocal tumors is 
also increased. Carcinomas not specific to 
ESRD show comparable behavior in end‐
stage and nonaffected kidneys. Before the 
description of entities specific to ESRD, most 
studies reported papillary RCC as the most 
common neoplasm developing in the end‐
stage kidney [20]. However, more recent 
investigations discovered that carcinomas 
with focal papillary architecture mimicking 
papillary RCC are more common than true 
papillary RCCs. Clear‐cell tubulo‐papillary 
RCC was originally believed to be specific for 
ESRD, but later reports demonstrated that 
most cases occur in the sporadic setting [20]. 
With more than 200 reported cases with 
limited follow‐up, no metastasis or recurrence 
was described [21]. Therefore, the term 
carcinoma may be changed in the future if 
aggressive behavior is not documented with 
extended follow‐up.

Another tumor developing in the setting of 
ESRD was originally described by Sule et al. 
who noted a peculiar association of carci­
noma with calcium oxalate crystal and 
labeled it as ACKD‐associated RCC [22]. In 
the subsequent report Tickoo et  al., the 
authors concluded that this tumor is the 
most common cancer developing in the end‐
stage kidney [20]. This cancer is preceded by 
the development of cysts, often multifocal, 
lined by atypical epithelium, yet not forming 
solid masses, and containing intraluminal 
oxalate crystals (Figure 2.5) [23]. This carci­
noma is also characterized by the presence of 
prominent nucleoli (ISUP grade 3), which are 
not reflective of its indolent course. Whether 
their small size and favorable outcome is 
related to earlier detection because of regular 
imaging with ESRD is not entirely clear.

A recent analysis of ESRD nephrectomies 
in five large tertiary care institutions reported 

a new association of anastomosing heman­
gioma and ESRD that may arise in patients 
with or without ACKD [20]. Hemangiomas 
are usually centered in the renal medulla 
and  may extend into the renal sinus fat. 
Intravascular growth pattern often accompa­
nies the latter. Multiple hemangiomas may 
develop unilaterally or bilaterally (Figure 2.6). 
Radiologically, anastomosing hemangiomas 
are heterogeneously enhancing masses that 
may be difficult to distinguish from RCC 
[22]. This new association is important 
because malignancy, excluding some indo­
lent cutaneous cancers, is one of the con­
traindications for renal transplant. Thus, a 
thorough diagnostic work‐up including renal 
biopsy should be performed in patients with 
ESRD with a newly diagnosed renal mass 
waiting for renal transplant; however, in a 
biopsy specimen, it may be difficult to distin­
guish renal hemangioma from low‐grade 
clear‐cell RCC with extensive degeneration 
and myxoid change, which leave a rich vascu­
lar network with rare bland neoplastic cells 
mimicking hemangioma [23].

Table 2.2 summarizes the most important 
familial adult RCC syndromes. Most of 
the  commonly encountered syndromes are 
inherited in an autosomal dominant fashion. 
When two or more oncocytic tumors are 
present in one patient (unilateral or bilateral), 

Figure 2.5  Hemorrhagic cyst lined by atypical 
epithelium with intraluminal oxalate crystal 
(polarized). This should be classified as ACKD‐
associated RCC precursor.
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the possibility of syndromic association is 
raised and recommendation for genetic 
counseling should be made. In the presence 
of multiple oncocytic tumors, oncocytosis 
and Birt‐Hogg‐Dubé syndrome are the most 
common underlying conditions. Although 
the former is limited to the kidney, the latter 
commonly presents to clinical attention 
because of multiple fibrofolliculomas, a skin 
tumor typical of the syndrome. Patients may 
also present with pneumothorax because of 
pulmonary cysts. The clinical behavior of 

the tumors is less aggressive in this setting, 
and when bilateral tumors are seen, a 
nephron‐sparing approach should be con­
sidered [24]. In patient with Von Hippel‐
Lindau syndrome, renal tumors are mostly 
limited to clear‐cell RCC. Although clear‐
cell RCC is more aggressive than papillary 
and chromophobe RCC, strategies for pre­
serving the kidney are recommended in 
patients with Von Hippel‐Lindau syndrome 
with treatment initiated for lesions larger 
than 3 cm.

(a) (b)

Figure 2.6  (a) Grossly apparent extension of anastomosing hemangioma into renal sinus fat and renal vein. 
(b) Multiple hemangiomas of different size scattered throughout the kidney and in the renal sinus fat (arrows). 
The latter hemangiomas had intravascular growth pattern. (a) Courtesy of Dr. Anna‐Luise A. Katzenstein, SUNY 
Upstate Medical University, Syracuse, NY; (b) Courtesy of Dr. Mahul Amin, Cedar Sinai, Los Angeles, CA.

Table 2.2  Familiar Renal Cell Carcinoma (RCC) Syndromes.

Syndrome Inheritance Pattern Mean Age Disease Genes Tumor Morphology

Von Hippel‐Lindau AD ~35 Von 
Hippel‐Lindau

Clear‐cell RCC

Hereditary papillary RCC AD ~60 c‐Met Papillary RCC type 1
Hereditary 
leiomyomatosis RCC

AD ~40 Fumarate 
hydratase

Papillary RCC type 2

Birt‐Hogg‐Dubé 
syndrome

AD ~60 Folliculin Oncocytoma
Chromophobe RCC
Hybrid tumor
Clear‐cell RCC
Papillary RCC

Tuberous sclerosis 
complex (TSC)

AD ~35 Hamartin
Tuberin

Angiomyolipoma
Oncocytoma
RCC (different types)

AD, autosomal dominant.



Pathological Basis of Tumor Characterization 27

With other inherited cancer syndromes, 
the incidence of aggressive clinical behavior 
of renal tumors is low. However, a notable 
exception is the hereditary leiomyomatosis 
associated RCC, in which renal tumors were 
commonly misdiagnosed in the past as 
type 2 papillary RCC because of the promi­
nent papillary architecture and the presence 
of abundant deeply eosinophilic cytoplasm. 
Those tumors have aggressive clinical 
behavior with approximately 50% of cases 
presenting with or developing lymph node 
or distant metastasis. The characteristic 
morphological feature of those tumors, irre­
spective of architecture, is the presence of 
“viral inclusion‐like” prominent nucleoli 
with peri‐nucleolar halos (Figure  2.7). 
Although diagnosis cannot be established 
based on morphology alone, recognition of 
this tumor can initiate testing of fumarate 
hydratase gene mutations.

The Urothelium

The urothelium lines a number of hollow 
organs including the minor calices and 
extends to the urethra. Although most of 
urothelial lesions develop in the urinary blad­
der, similar lesions may be seen throughout 

the entire system lined by urothelium. Hence, 
the current discussion is applicable to all the 
urothelium‐lined organs because the spec­
trum of disease and clinical behavior are 
comparable for urothelial neoplasia regard­
less of the location. In the United States, 
urothelial carcinoma (UCa) constitutes more 
than 90% of neoplasia of the urinary bladder 
followed by adenocarcinoma and, rarely, 
squamous cell carcinoma. The WHO/ISUP 
2004 classification distinguishes flat and 
papillary noninvasive urothelial lesions 
(Table 2.3) [25]. The major distinction of this 
classification is the dichotomy into low‐ and 
high‐grade lesions in contrast to the less 
reproducible WHO 1973 grading system, 
which included grades 1, 2, and 3 categories. 
In the United States, the WHO/ISUP 2004 
classification is largely followed, whereas the 
three‐tiered system is still used in Europe 
[26]. In the flat lesions category, hyperplasia 
and dysplasia are infrequently seen as the 
primary manifestation of the disease but are 
rather detected either in patients followed 
for  UCa or in association with concurrent 
symptomatic papillary urothelial neoplasm. 
Urothelial carcinoma in situ (CIS) is a flat and 
multifocal lesion usually not amenable to 
complete cystoscopic excision. CIS is one of 
the precursors of invasive UCa with a variable 
natural course. It appears that recurrence and 
survival rates are better in patients with CIS 
when compared to those presenting with 

Figure 2.7  Type 2 papillary RCC developing in 
hereditary leiomyomatosis associated RCC 
syndrome. Note prominent nucleoli and 
perinucleolar halo not typically seen in other 
settings. Courtesy of Dr. Jonathan Epstein, Johns 
Hopkins Hospital, Baltimore, MD.

Table 2.3  The WHO/ISUP 2004 Classification 
of Urothelial Neoplasia.

Flat Papillary

Hyperplasia
Dysplasia (low-grade)
Carcinoma in situ 
(high-grade)

Papilloma
Papillary neoplasm of 
low malignant potential 
(PNLMP)
Low‐grade papillary 
carcinoma
High‐grade papillary 
carcinoma

ISUP, International Society of Urologic Pathology; 
WHO, World Health Organization.
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high‐grade noninvasive papillary neoplasms 
[27]. Pathologically, most cases of CIS are 
easily recognized because of the presence of 
sever atypia not explained by other non‐
neoplastic causes (Figure 2.8a). In some cases 
of  CIS, severe discohesion and extensive 
shedding into the urine may result in a totally 
denuded urothelial mucosa with underlying 
congested vessels (Figure  2.8b). Pathologists 
are encouraged to comment on this finding 
and its potential association with CIS, 
which should be ruled out by a repeat biopsy. 
Such  association increases in the event of a 
concurrent “positive” urine cytology result.

Papillary lesions are more likely to be 
symptomatic in comparison to flat lesions, 
even when benign, because of fragmentation 
of the  papillae causing gross hematuria. 
Benign urothelial papilloma has no risk of 
progression into carcinoma and is only capa­
ble of local recurrence in less than 5% of 
cases. Papillary urothelial neoplasm of low 
malignant potential has no cytologic atypia 
and is distinguished from papilloma by 
higher number of urothelial cell layers. It has 
a significantly higher incidence of recurrence 
(up to 45%) and may progress to a higher 
grade lesion in 10% or less of the cases. 

(a) (b)

(c) (d)

Figure 2.8  (a) Urothelial carcinoma in situ with marked architectural disarray, high‐grade cytologic atypia, and 
atypical mitotic figure. (b) Denuded urothelial mucosa with congested vessels in a patient with UCa diagnosed 
in urine cytology. Occasional atypical cells are seen along the basement membrane. (c) Micropapillary invasive 
urothelial carcinoma. Presence of multiple papillae without fibrovascular cores in the same lacuna is the 
diagnostic feature. (d) Multifocal noninvasive high‐grade UCa discontinuously involving upper and lower 
portions of the renal pelvis.
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Low‐grade papillary UCa has scattered cyto­
logic atypia and usually absent or rare mitotic 
figures. Although the likelihood of its pro­
gression to a higher grade lesion is still less 
than 10%, the incidence of recurrence may 
reach 70%. High‐grade papillary UCa is dis­
tinguished by high cytological grade, similar 
to that seen in CIS, and its high likelihood to 
progress to invasive UCa. Papillary lesions 
are commonly associated with adjacent flat 
neoplasm of the same grade, so called “shoul­
der” lesions. For this reason to diagnose a 
CIS in the biopsy of papillary carcinoma, it 
should be a separate biopsy of a spacially 
remote flat lesion.

With invasive UCa, the stage rather than 
grade determines treatment and prognosis. 
Although clinically noninvasive UCa (both 
CIS and papillary) and UCa invading into 
lamina propria (pT1) are commonly referred 
to as superficial bladder cancer and are 
treated similarly, pathologically these are 
two different diseases. The latter has already 
distinguished itself by aggressive/invasive 
behavior, and if left untreated, will inevitably 
progress to muscle‐invasive disease. Some 
variants of invasive UCa (e.g., plasmacytoid 
and micropapillary) are notorious for aggres­
sive behavior and resistance to standard 
therapy (Figure  2.8c). Some centers have 
advocated radical cystectomy in treating 
invasive micropapillary UCa even in the 
absence of muscularis propria invasion, but 
this has not become routine practice yet [28].

Around 70% of newly diagnosed papillary 
UCas are multifocal (Figure  2.8d). Multi­
focality is a risk factor for recurrence and 
progression [29]. Although in some cases, 
multiple primary tumors may develop as a 
result of a “field effect” [30], it has been 
shown that it often represents an intralumi­
nal seeding and intra‐epithelial migration of 
malignant cells resulting in multifocal prolif­
eration of the same malignant cell clone [31]. 
This is one of the rationales for treating 
patients with bacillus Calmette‐Guérin 
(BCG) or chemotherapy refractory “superfi­
cial bladder cancer” with radical rather 
than partial cystectomy. Multifocality is also 

present in upper‐tract lesions, and we often 
see patients with a history of upper‐tract 
high‐grade UCa treated with nephroureter­
ectomy who present after extended period of 
time with recurring high‐grade disease in the 
bladder (incidence up to 44% at a 5‐year 
interval) [32]. Partial cystectomy is rarely 
considered as treatment modality for patients 
with high‐grade UCa who fail intravesical 
BCG or chemotherapy because many of 
these will develop intravesicla recurrence 
[33]. This is reflected in the overall trend in 
the United States of decreasing frequency of 
partial cystectomy, which is often reserved 
for older patients and those with high risk of 
perioperative complications [34]. At the 
same time, there is a minor subset of patients 
presenting with solitary tumors in whom 
complete transurethral resection of bladder 
tumor (TURBT) of the lesion may be cura­
tive [35]. There are no validated ancillary 
methods in contemporary practice to predict 
which high‐grade noninvasive cancers will 
become invasive and which invasive cancers 
are likely to be lethal. Some genetic altera­
tions, particularly in cell cycle regulatory 
genes (e.g., FGFR3, p53, and retinoblastoma), 
show promising results to help further 
molecularly classify the disease [36,37]. Rare 
UCa in the pediatric population has different 
genomic alterations, has less aggressive 
disease, and is amenable to more conservative 
therapy [38].

The Testis

Among urologic organs, testicular tumors 
are the least common. In general, older men 
are more likely to present with secondary 
involvement by lymphoma/leukemia or 
metastasis, and malignant soft‐tissue parat­
esticular neoplasms are more common in 
young children. Adolescents and young 
adults are the group in whom primary 
testicular neoplasms are mostly seen and 
include two large categories: germ cell 
tumors (GCT) and sex cord/stromal tumors, 
the former being by far more common. 
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Contrarily, only the tumors in the latter 
category could be subjected to partial orchi­
ectomy. Benign paratesticular tumors (ade­
nomatoid tumor) and vestiges are seen with 
the same incidence (e.g., appendix testis is 
the most common cause of acute testicular 
pain) and are amenable to local excision 
because they are mostly unifocal and do not 
involve the testicular parenchyma.

The distinctive feature of GCTs is their 
association with the malignant precursor—
intratubular germ cell neoplasia (ITGCN)—
which is multifocal and cannot be detected 
grossly, excluding the possibility of partial 
orchietcomy in those tumors (Figure  2.9). 
The exception is spermatocystic seminoma, 
a tumor unassociated with ITGCN and 
incapable of metastasis, and therefore cured 
by surgery. Clinical behavior of teratoma 
depends on patient’s age rather the tumor’s 
composition because both the mature and 
immature elements are indolent in pre‐
puberty and potentially malignant in post‐
puberty. Epidermoid cyst, a variant of 
teratoma with uniformly benign clinical 
course, is unassociated with ITGCN and is 
composed of a unilocular cyst lined by kerati­
nizing squamous epithelium without skin 
adnexa. It may be suspected on preoperative 
imaging and treated with excision after 
intraoperative frozen section confirmation. 
With the exception of spermatocytic semi­
noma and epidermoid cyst, focal therapy is 
usually not considered for GCT because of 

the tumor’s multifocality and its association 
with ITGCN. In addition, these tumors are 
fragile and seeding may occur if GCT ruptures 
in the operative field.

Sex cord/stromal tumors are generally 
benign and may have some atypical histo­
logical features like infiltrative growth pat­
tern not warranting a malignant diagnosis 
[33,35]. They are less common than GCTs 
and serum tumor markers are usually not 
elevated. Whenever there is any clinical 
suspicion of a benign testicular tumor, intra­
operative frozen section consultation should 
be sought before partial orchiectomy is 
considered [35].

Figure 2.9  A contrast of intratubular germ cell 
neoplasia (ITGCN) with thickened basement 
membranes and absent spermatogenesis on the left 
and normal seminiferous tubules on the right with 
preserved spermatogenesis.
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Manipulating the Immune 
System to Fight Cancer

An emerging tool in the oncologist’s arma-
mentarium is cancer immunotherapy, which 
refers to treatment strategies that induce 
the patient’s own immune system to attack 
tumor cells. One of the earliest attempts to 
recruit the immune system against cancer 
occurred in 1891 when William Coley in 
New York attempted intratumoral injections 
of live or inactivated Streptococcus pyogenes 
and Serratia marcescens bacteria in in 
patients with advanced cancer to reproduce 
the spontaneous remissions of sarcomas 
observed in patients with rare forms and who 
had developed erysipelas [1]. The hypothesis 
was that “Coley’s toxins” could stimulate 
antibacterial phagocytes to kill bystander 
tumor cells. Over the next 40 to 50 years, 
many attempts were made to induce a 
systemic cancer immune response with only 
sporadic successes that were difficult to 
reproduce. One major exception was the 
use of intravesical injection of live bacillus 
Calmette‐Guérin (BCG) after surgical resec-
tion for superficial bladder cancer, which 
resulted in an overall survival benefit [2]. 
An early observation implicating involve-
ment of the immune system in eliminating 
tumor cells came in the 1940s when evidence 
demonstrated that mice could be immunized 

against chemically induced tumors [3] and 
subsequent evidence demonstrating that it 
was the CD8+ cytotoxic T cells recognizing 
tumor‐specific antigens that was primarily 
responsible for this immunity [4]. The tumor‐
specific antigens can be presented to cytotoxic 
T cells by MHC class I molecules on tumor 
cells and antigen‐presenting cells (APCs). 
Since then, we have made significant progress 
in our understanding of the different mecha-
nisms in which the immune system can 
selectively recognize tumor cells and ways in 
which cancers evade the immune system.

Tumors can make tumor‐specific antigens 
that are recognized by the cytotoxic T cells 
through a variety of different mechanisms. 
Some potential ways of making these anti-
gens to appear as foreign antigens that can be 
recognized by the immune system include 
the mutation of self‐proteins, expression of 
new proteins encoded by viral oncogenes, 
inappropriate presentation of self‐proteins, 
or overexpression of self‐proteins, which 
changes the density of peptide presentation. 
However, despite the presence of tumor‐
specific antigens, tumors have also developed 
multiple mechanisms to escape immune rec-
ognition. For a cytotoxic T cell to become 
activated, it requires a second co‐stimulatory 
signal from an APC. Some tumors lose one 
or more MHC molecules, and most tumors 
do not express co‐stimulatory proteins. 
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There are also a number of suppressive 
signals that tumors have evolved to block 
the activation of the cytotoxic T cells. Some 
of these immune checkpoints include PD‐1 
and CTLA‐4. There are additional cells that 
produce inhibitory signals and include T 
regulatory cells (Tregs), myeloid derived 
suppressor cells, and the tumor‐associated 
macrophages [5]. In addition to all these 
components, there are a variety of soluble fac-
tors, including cytokines and toll‐like receptor 
agonists, that play an important role in both 
stimulating and inhibiting immunity.

Since the US Food and Drug Administration 
(FDA) approved a dendritic cell‐based vaccine, 
Sipuleucel‐T (Provenge, APC8015, Dendreon 
Corp, WA, USA) for the treatment of prostate 
cancer, significant effort has been directed 
toward the development of new immunother-
apeutic strategies for the treatment of prostate 
cancer. Provenge conferred a modest survival 
advantage in men with metastatic castration‐
resistant prostate cancer (CRPC) [6]. In line 

with this, multiple prostate‐specific antigen 
(PSA)–based immunotherapeutic strategies, 
including DNA vaccines, recombinant viruses, 
Listeria‐based vaccines, and dendritic cells 
(DCs), have been shown to effectively induce 
PSA‐specific T cell responses in preclinical 
studies [7,8].

Can We Take Advantage 
of Ablative Therapies to 
Activate the Immune System?

Ablative therapies, such as high‐intensity 
focused ultrasound (HIFU), cryotherapy, 
radiofrequency ablation (RFA), focal radia-
tion therapy using stereotactic body radiation 
therapy (SBRT) or brachytherapy, and photo-
dynamic therapy, have been shown to be 
safe, noninvasive, image‐guided therapies for 
local tumor ablation. The immunomodula-
tory effect of these therapies is intriguing. 
All  forms of ablative therapies allow for the 
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Figure 3.1  Ablative therapies including HIFU, RT, and cryotherapy allow for the release of tumor‐specific 
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release of tumor‐specific antigens, which are 
then taken up by APCs. The APCs then 
migrate to the draining lymph nodes where 
they can activate CD4+ T helper cells as well 
as cytotoxic CD8+ T cells that could poten-
tially kill tumor cells both at the primary and 
metastatic sites (Figure 3.1). The use of these 
ablative therapies alone is not sufficient to 
induce a sustainable immune response, and 
there is a need to combine this with other 
immunotherapies. Although these ablative 
therapies allow for the release of tumor anti-
gens through tumor breakdown with antigen 
shedding and release of tumor‐infiltrating 
lymphocytes, tumors secrete immunosup-
pressive signals to promote tolerance and 
facilitate immune escape. Therefore, it is 
necessary to boost the immune system to 
take advantage of the released tumor antigens 
to generate a sustained immune response.

Immunomodulatory 
Properties of HIFU

HIFU uses sonic waves generated by a spherical 
transducer to create a sharply delineated target 
area of energy at the focal point. The concen-
trated ultrasound energy can generate temper-
atures exceeding 80 ° C, resulting in tissue 
destruction by thermal, mechanical, and cavi-
tation effects, to produce a clearly demarcated 
region of coagulative necrosis surrounded by 
normal tissue on microscopic examination 
[9,10]. HIFU has been used in clinical therapies 
because of its noninvasiveness, safety, and 
precise targeting when coupled with image 
guidance [9]. For example, HIFU can noninva-
sively target and destroy specific prostatic areas 
with high precision while sparing the normal 
tissues along its path. This has made HIFU 
highly suited for focal therapy and allows for 
repeat focal treatments.

Systemic treatments, such as chemotherapy 
and immunotherapy, are favorable options to 
be used in combination with localized HIFU 
treatment to gain both local and systemic 
control of tumor. A number of clinical inves-
tigators have reported anecdotal evidence of 

tumor immunomodulation after treatment 
with HIFU. A pilot clinical study on 16 
patients with solid malignancies (osteosar-
coma, hepatocelluar carcinoma, or renal cell 
carcinoma) revealed a significant increase 
in the population of CD4+ T lymphocytes 
and the ratio of CD4+/CD8+ in the patients’ 
circulation 7 to 10 days after ablative HIFU 
treatment [11]. Further clinical studies on 48 
patients with breast cancer showed increased 
lymphocyte infiltration in the treated tumor 
after HIFU [12]. The lymphocytes infiltrated 
along the margins of the ablated regions and 
were enriched with cells expressing an acti-
vated phenotype, including FasL, granzyme, 
and perforin. In murine models with colon 
adenocarcinoma and melanoma, HIFU treat-
ment stimulated DC proliferation and matu-
ration and induced DC infiltration in tumor 
tissues with an increase in tumor‐specific 
interferon (IFN‐)γ–secreting cells in lymphoid 
organs [13,14]. The systemic protective effects 
of HIFU was demonstrated in a murine model 
of melanoma with a decrease in metastases 
after the primary tumor was treated with 
HIFU, 2 days prior to resection [15], suggest-
ing that HIFU induced a tumor‐specific 
protective immunity. HIFU‐ablated tumor 
cells could also serve as a source of tumor 
antigens for DC‐based tumor vaccine, where 
autologous DC are purified and expanded ex 
vivo, followed by incubation with HIFU‐
treated tumor cells to stimulate uptake of 
tumor antigens by DCs. Upon injection of 
autologous DCs loaded with HIFU‐treated 
tumor cells a systemic anti‐tumor immune 
response is induced in mice [16,17].

The mechanism of immunomodulatory 
effects of ablative HIFU is unclear. Studies 
from local ablative therapies, such as radia-
tion therapy [18–21] and RFA [22], revealed 
that in situ tumor ablation can generate a 
source of tumor antigens that are released 
in  situ from dying tumor cells and can be 
engulfed by APC, such as DCs to generate a 
systemic T‐cell mediated tumor‐specific 
immune response. Chakravarty et al. demon-
strated that administration of Flt3L to 
stimulate proliferation of DCs in combination 
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with an ablative dose of a single fraction of 
local tumor irradiation induces long‐term 
protective anti‐tumor immunity, reduces 
lung metastases. and improves survival with 
long‐term cures in a murine model of Lewis 
lung adenocarcinoma [18,19]. This report 
indicated that an autologous in situ tumor 
vaccine could be generated by amplifying 
DCs in the blood and enabling antigen 
uptake from the tumor microenvironment 
that has been treated with a locally ablative 
therapy. Since this publication, multiple 
groups have confirmed the potential of 
tumor immunomodulation by combining 
various immunotherapeutic approaches with 
locally ablative therapies [23–27]. Since the 
tumor microenvironment is usually immu-
nosuppressive [28], induction of a protective 
anti‐tumor immunity is limited after primary 
tumor ablation alone.

Most of the studies on HIFU‐induced 
immune response are limited and have not 
definitely proven that the immune response is 
directed against tumor antigen. In addition, 
the magnitude of ablation‐induced immune 
response is generally weak and whether it 
could fully protect patients from tumor 
metastases is still uncertain. Therefore, com-
bining ablative HIFU with a relevant systemic 
therapy is still considered the most efficient 
way to achieve a beneficial clinical outcome. 
Although various immunotherapeutic agents 
are available to amplify the immune effects of 
HIFU, optimization of the immunomodula-
tory properties of ultrasound relative to the 
sonic energy and the potential complexity 
and unpredictable adverse events of combi-
nation therapies determining clinical outcome 
should be investigated for effective clinical 
application.

Immunomodulatory 
Properties of Cryotherapy

Cellular death from cryotherapy results from 
shifts in osmotic fluids, physical disruption 
of cell membranes and organelles by the ice 

crystals within the ice ball, and by causing 
vascular compromise through thrombosis of 
small vessels [29,30]. Histologically, this leads 
to a central area of coagulative necrosis 
surrounded by an area of sublethal tissue 
injury [30,31]. Upon thawing, dying tumor 
cells within the ice ball release intact tumor‐
specific antigens as well as proinflammatory 
cytokines, nuclear proteins, and HMGB1, 
which is a molecule that acts as a ligand for 
toll‐like receptor (TLR) 4 and promotes 
antitumor immunity [32,33]. The proinflam-
matory cytokines and danger signals recruit 
the DCs to the ablation site, which can 
then efficiently take up the released tumor‐
specific antigens and induce the DC matura-
tion [22]. These activated DCs display the 
tumor antigens in the MHC molecules and 
travel to the nearest lymph node to activate 
cytotoxic CD8+ T cells and CD4+ T helper 
cells, which can then mount an immune 
response against the tumor [22,32].

One of the first pieces of evidence impli-
cating recruitment of the immune system 
following cryotherapy came in 1970 when 
patients with metastatic prostate cancer 
treated with cryotherapy were observed to 
have a decrease in their metastatic burden 
[34]. Since then, experiments in animal 
models confirmed the induction of systemic 
anti‐tumor immune response by tumor cry-
oablation. Using a rat model of myosarcoma 
and carcinosarcoma, Blackwood and Cooper 
showed that cryotherapy resulted in regres-
sion of an untreated tumor and the treated 
animals failed to develop transplantable 
tumors when challenged with a second 
tumor [35]. Bagley et al. demonstrated that 
it was the lymphocytes that mediated the 
cytotoxicity following cryotherapy [36]. 
More recently, Den Brok et al. showed that 
cryotherapy doubled the number of antigen‐
loaded DCs and increased the number of 
mature DCs in tumor‐draining lymph nodes 
[37]. Using a murine model of kidney cancer, 
cryotherapy resulted in infiltration of mac-
rophages, neutrophils, and lymphocytes into 
perivascular and intravascular spaces and 
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parenchyma of tumors. Immunologically, 
there was a shift from Th1 to Th2 response 
with a reduction in IFN‐γ and an increase in 
IL‐4, resulting in stimulation of antitumor 
immune response [38].

Despite the evidence confirming the 
recruitment of the immune system following 
cryotherapy, its use alone in the clinic is not 
enough to overcome the strong immunotol-
erance that tumors evolve. Therefore, there 
is a need to add a second immunotherapy 
to increase the immune response and over-
come the immunotolerance. Some potential 
ways include the addition of immune check-
points or inhibition of Tregs [32]. For example, 
the addition of CTLA‐4 to cryotherapy 
produced systemic immunity and tumor 
rejection in a TRAMP C2 mouse prostate 
cancer model [39]. Animals treated with 
both therapies had slower growth and some-
times even rejection of a secondary tumor. 
The secondary tumors were highly infiltrated 
by CD4+ T cells and CD8+ T cells, and there 
was a significant increase in the ratio of 
intratumoral T effector cells to CD4 + FoxP3+ 
Tregs [39]. Another study combining cryo-
therapy with cyclophosphamide to inhibit 
Tregs resulted in a potent, systemic anti‐
tumor immunity in animals with established 
metastatic disease and 50% of the animals 
with metastatic disease were cured with the 
combination therapy [40].

Immunomodulatory 
Properties of 
Radiation Therapy

Preclinical studies and a clinical trial with a 
prostate cancer vaccine have demonstrated 
that radiation therapy (RT) and immuno-
therapy can be combined to enhance their 
mutual efficacies [41–43]. Unlike surgery, 
RT  does not deplete the patient of tumor‐
specific antigens and allows for the induction 
of an effective immune response. Irradiated 
tumor cells are slowly cleared over time by 

APCs and tissue resident macrophages 
resulting in tumor‐antigen processing and 
presentation [44]. Irradiation induces immu-
nogenic cell death, which involves changes in 
the composition of the cell surface as well 
as the release of soluble mediators to stimulate 
the presentation of tumor antigens to T cells 
[33,45]. For example, irradiation of a colon 
carcinoma cell line CT26, leads to the trans-
location of cytosolic calreticulin to the cell 
membrane and provides a phagocytosis 
signal to DCs [46]. Irradiation also induces 
the secretion of HMGB1 by tumor cells, and 
this acts as a ligand for TLR 4, which subse-
quently leads to DC recruitment and activa-
tion [33]. As for its direct action on tumor 
cells, RT increases the cell surface expression 
of MHC class I molecules and amplifies the 
diversity of peptide antigen presentation by 
tumor cells [47]. It also increases the expres-
sion of Fas/CD95, which leads to an increased 
susceptibility of tumor cells to cytotoxic 
T  lymphocyte (CTL) mediated cell killing 
[48]. Further, the level of IFN‐γ in the tumor 
microenvironment and IFN‐γ–inducible 
genes is increased following RT, and this 
leads to the inhibition of cellular prolifera-
tion, angiogenesis, an increase in caspase 
mediated cell killing, and an increase in 
MHC class I expression on nonirradiated 
tumor cells [49]. RT also affects the tumor 
vasculature leading to an increase in the 
expression of endothelial adhesion mole-
cules: VCAM‐1, ICAM‐1, P‐selectin, and 
E‐selectin [50]. These observations suggest 
that a combination of RT and immunother-
apy will have greater potential in improving 
the chances of success for the treatment of 
cancer when compared to monotherapy. 
RT has been tested in combination with 
DNA‐based vaccines as well as using viral 
vectors, and these combinations lead to an 
increase in CTL infiltration into the tumors. 
Additionally, epitope spreading has been 
observed with RT combinations, as evidenced 
by the generation of CTLs directed toward 
other tumor‐associated antigens than just 
the vaccine target antigen [51].
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Introduction

There have been tremendous advancements 
in multidetector computed tomography 
(MDCT) scanner technology over the last 
10 years, allowing dramatic improvements in 
both spatial and temporal resolution. As a 
result, it is now possible to perform studies 
nearly devoid of motion or respiratory arti­
facts and to consistently acquire images at 
peak enhancement. Accordingly, despite the 
development and advancement of radiologic 
modalities such as magnetic resonance imag­
ing (MRI), positron emission tomography 
(PET), and other molecular imaging tech­
niques, MDCT has maintained its primacy in 
the diagnosis and staging of urologic malig­
nancies, most importantly renal cell carci­
noma (RCC) and transitional cell carcinoma 
(TCC). Although other modalities may have 
an ancillary role to play in the imaging of 
these malignancies, MDCT remains the 
first‐line imaging tool for lesion identifica­
tion, characterization, and staging.

However, the diagnosis and staging of 
these two urologic malignancies is not merely 
a function of scanner technology, but it also 
requires a detailed understanding of proper 
protocol design, as well as an appreciation 
of  the spectrum of different appearances 
these malignancies can take. This chapter 

will begin with a discussion of proper MDCT 
protocol design for the evaluation of the 
urinary tract, followed by a detailed discus­
sion of the imaging characteristics of each of 
these two urologic tumors and several other 
tumors in the differential diagnosis.

MDCT Protocol Design

When constructing a MDCT protocol for the 
evaluation of a patient with a suspected uro­
logic malignancy, the goal is twofold: maxi­
mize the enhancement and conspicuity of any 
potential solid RCC and maximally distend 
the intrarenal collecting systems, ureters, and 
bladder to improve the conspicuity of TCCs. 
Given that a sizeable percentage of patients 
with both TCC and RCC will present with 
macroscopic hematuria, and that the radiolo­
gist may not be prospectively aware which 
tumor is more likely, any MDCT protocol 
must be designed to optimize diagnosis of 
both tumors. Of course, although any imaging 
protocol must be comprehensive enough to 
diagnose both categories of tumors, our 
increasing awareness of the dangers of 
MDCT‐related ionizing radiation make it 
necessary to acquire only the imaging phases 
that are absolutely necessary so as to avoid 
unnecessary radiation dose to the patient.
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Prior to the administration of contrast, a set 
of noncontrast images is typically acquired 
through the upper abdomen, focused only on 
the kidneys, Given that the most common 
cause of hematuria in daily practice is neph­
rolithiasis, the noncontrast images maximize 
stone detection (because of the lack of contrast 
in the renal parenchyma). Just as importantly, 
when confronted with an indeterminate renal 
lesion, the noncontrast images serve as an 
invaluable baseline, allowing the radiolo­
gist to determine whether a mass is intrinsically 
hyperdense (i.e., hyperdense or hemorrhagic 
cyst), or alternatively, is truly an enhancing 
solid renal mass. Because of radiation dose 
concerns, there is little reason to needlessly 
extend these noncontrast images beyond the 
upper abdomen.

Arterial phase images are then acquired 
through the entirety of the abdomen and pel­
vis, typically at 30–40 seconds following the 
rapid injection of intravenous contrast 
(100–120 mL of either Omnipaque 350 or 
Visipaque‐320). This set of images is abso­
lutely the most critical for detection of most 
RCCs, particularly the clear‐cell variant 
because hypervascular lesions tend to be 
most conspicuous on the early phase images. 
Moreover, given that many TCCs also tend to 
show some degree of hypervascularity on 
early phase imaging, the arterial phase can be 
valuable for diagnosing subtle ureteral and 
bladder lesions, which may end up obscured 
by surrounding excreted contrast on the 
delayed phase images. Notably, the arterial 
phase images should extend through the 
entirety of the abdomen and pelvis, allowing 
imaging through the ureter and bladder, both 
of which should be filled with unopacified 
urine (rather than contrast) in this phase of 
imaging. Accordingly, it can sometimes be 
easier to identify subtle urothelial thickening 
or filling defects on the arterial phase images 
(because of the juxtaposition of an avidly 
enhancing tumor with the low‐density urine), 
rather than the delayed phase, even though 
the delayed phase images have traditionally 
been considered the most important phase 
for TCC detection.

In patients older than age 50, a separate set 
of venous phase images are often acquired at 
roughly 60–70 seconds after the injection of 
intravenous contrast. Although the arterial 
phase images (and the delayed phase images 
as well) are certainly much more sensitive 
for  the majority of renal masses, there are 
rare occasions when a renal mass is more 
conspicuous on the venous phase images, 
and the addition of this phase does increase 
sensitivity for subtle lesions. Moreover, the 
venous phase is the best imaging phase for 
the evaluation of the parenchymal organs of 
the upper abdomen, maximizing sensitivity 
for liver metastases or locoregional lymphad­
enopathy, while also allowing evaluation of 
the renal veins and inferior vena cava (IVC) 
in cases of RCC with tumor thrombus. 
Although we typically include venous phase 
images in older patients (older than 40 years 
of age) at our institution, this phase is typi­
cally not acquired when imaging younger 
patients presenting with hematuria. In 
younger patients, the added benefit of this 
phase is likely outweighed by the increased 
radiation dose, particularly in light of this 
demographic group’s markedly lower risk of 
malignancy.

Finally, any renal mass protocol must 
include delayed excretory phase images, 
which not only provide opacification of the 
upper urinary tract (allowing the identifica­
tion of urothelial filling defects and thicken­
ing that might herald the presence of a TCC), 
but also serve as another quite sensitive 
phase for the detection of RCC. Many RCCs 
(particularly clear‐cell variants) are hyper­
vascular and “wash‐out” on the delayed 
phase, appearing conspicuously hypodense 
on the delayed phase images (nicely juxta­
posed against the uniform nephrographic 
phase enhancement of the kidney in the 
delayed phase). Moreover, small subtle 
hypervascular RCCs in the arterial phase can 
be easy to overlook if they are located at the 
corticomedullary junction, but they are often 
easier to perceive in the delayed phase. At 
our institution, delayed phase images are 
typically acquired at 4 minutes after contrast 
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injection. Acquiring these images earlier 
often results in suboptimal opacification of 
the urinary tract, but waiting longer can 
result in the pooling of dense contrast in the 
collecting system, thus potentially obscuring 
pathology as a result of beam‐hardening or 
streak artifact.

It should be noted that there are several 
different protocols available for the acquisi­
tion of excretory phase images, each of 
which has its own benefits and downsides in 
terms of image quality and radiation dose: 
Single‐bolus technique is by far the most 
commonly used protocol in radiology prac­
tices across the country and is the simplest 
to implement. A single full dose of intrave­
nous contrast (typically 100–120 mL of 
Omnipaque‐350 or Visipaque‐320) is admin­
istered, followed by the acquisition of sepa­
rate arterial, venous, and delayed phases. 
This technique maximizes opacification and 
distension of the collecting systems and ure­
ters, thus increasing sensitivity for TCC. 
Moreover, because separate arterial, venous, 
and delayed phases are acquired, RCC sensi­
tivity is also maximized. Of course, given 
that this protocol involves the acquisition of 
three separate contrast phases, the radiation 
dose will consequently be higher. At our 
institution, we have chosen this protocol for 
daily use because we believe that the slightly 
higher radiation dose to the patient is out­
weighed by the improved sensitivity and 
image quality of this method [1]. The split‐
bolus technique was designed to reduce the 
radiation dose associated with the tradi­
tional single‐bolus technique by reducing 
the number of acquired postcontrast phases. 
In this method, the administered contrast 
dose is split into two, with 50 mL of contrast 
injected initially, followed by a second con­
trast bolus of 80 mL administered 5 minutes 
later, with the subsequent acquisition of 
combined nephrographic and delayed 
images at 7 minutes. By combining two 
phases into one, this protocol does, in fact, 
reduce radiation dose considerably. 
However, it should be noted that only 50 mL 
(out of the total of 130 mL administered) is 

excreted into the collecting system at the 
time of image acquisition at 7 minutes, 
resulting in considerably less distension of 
the collecting system and ureters (particu­
larly the distal ureters), potentially reducing 
sensitivity for TCC. In addition, by reducing 
the number of acquired phases, sensitivity 
for RCC is also likely to be less robust [2,3]. 
The triple bolus technique rarely, if ever, is 
used in practice and involves splitting the 
contrast dose into three separate boluses, 
with the acquisition of a single combined 
corticomedullary‐nephrographic‐excretory 
phase (usually at roughly 8–9 minutes). By 
combining three phases into one, this 
method substantially decreases radiation 
dose to the patient. However, this method 
provides very poor opacification of the col­
lecting systems and ureters, and the lack of 
discrete arterial, venous, and delayed phases 
potentially reduces sensitivity for RCC as 
well [4,5].

The design of a proper MDCT protocol 
can also vary depending on the utilization of 
a number of other ancillary techniques, each 
of which is designed to maximize distension 
of the upper urinary tract.

●● Abdominal compression: This method 
entails placing a compression band across 
the upper abdomen, thereby “trapping” the 
contrast in the intrarenal collecting sys­
tems and upper ureters, thus increasing 
distension. Accordingly, the use of an 
abdominal compression band necessitates 
acquisition of a separate set of excretory 
phase images once the band has been 
released to distend the mid and distal ure­
ters. This method can be painful and cum­
bersome in patients who have undergone 
prior surgery, may be contraindicated in 
patients with abdominal pathology, and 
can be difficult to use in patients who are 
obese. Moreover, at least one study by 
Caoli et al. found no significant improve­
ment in distension with the use of a com­
pression band [6].

●● Intravenous diuretics: A small dose of IV 
LASIX (usually as little as 10 mg) has been 
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shown to substantially improve distension 
of the collecting system. Moreover, LASIX 
can also dilute the contrast in the collecting 
system and potentially improve lesion con­
spicuity by reducing beam‐hardening arti­
facts. Nevertheless, these benefits must be 
weighed against the need for nursing and 
physician staff to take into account allergies, 
blood pressure fluctuations, and a patient’s 
underlying renal function, and the routine 
administration of LASIX can potentially 
interfere with daily workflow [7].

●● Prone positioning was once thought to 
improve upper urinary tract opacification, 
but studies have shown that supine posi­
tioning may actually be superior, without 
the pain and discomfort that can be associ­
ated with lying in the prone position for 
several minutes.

●● Oral hydration: Similar to intravenous 
LASIX, oral hydration improves distension 
and opacification of the collecting system 
and ureters, while also diluting the con­
trast within the collecting system and 
reducing beam hardening and streak 
artifacts. In addition, if the patient is 
instructed not to urinate before the study, 
oral hydration can result in increased dis­
tension of bladder, potentially improving 
identification of bladder lesions. A study 
by Kawamoto et  al. showed that oral 
hydration (with only 500 mL of water) was 
essentially equivalent to intravenous 
LASIX and a number of other ancillary 
techniques (without any disruption to 
daily workflow) [8]. Accordingly, at our 
own institution, we rely solely on oral 
hydration and have moved away from 
using the other ancillary techniques pre­
viously described [9].

Three‐Dimensional 
Reconstructions

Although the interpretation of MDCT data 
sets has traditionally been contingent 
solely on a review of the source axial images 

and coronal/sagittal multiplanar reformats, 
three‐dimensional (3D) reconstruction 
techniques have proven to be increasingly 
important for lesion detection and charac­
terization in the urinary tract, as well as 
providing preoperative guidance for sur­
geons. At our institution, source axial 
images are acquired at 0.75‐mm collimation 
and are subsequently reconstructed into 
axial 3‐mm images for routine image 
review, while coronal and sagittal multi­
planar reformations are automatically 
reconstructed directly at the computed 
tomography (CT) scanner console. The 
source axial images are then sent to an 
independent workstation, where two sets 
of 3D reconstructions are created: Maximum 
intensity projection (MIP) imaging entails 
the selection of the highest attenuation 
voxels in a data set and their projection 
into a two‐dimensional image. MIP recon­
structions have proven valuable for illus­
trating the high attenuation vasculature 
and also nicely demonstrate the opacified 
collecting systems and ureters on the delayed 
excretory phase images. Subtle asymmetric 
collecting system distension, obstruction 
or destruction of a calyx by tumor, sites of 
transition or stricturing in the urinary 
tract, and subtle urothelial filling defects 
can all be much easier to perceive using 
this reconstruction technique. Volume ren-
dered (VR) imaging is a more complex 
technique that involves assigning a color 
and transparency to each voxel in a data set 
depending on its attenuation and relation­
ship to other adjacent voxels, and then 
projecting this information into a true 
3D display. VR images can accentuate sub­
tle sites of urothelial thickening or abnor­
mal enhancement that may not be readily 
visible on the source axial images and can 
also accentuate subtle renal mass lesions 
[10]. Moreover, VR images maintain the 
true 3D relationships of the kidneys and 
its  vasculature to surrounding organs/
structures and are thus ideal in the preop­
erative planning of almost any invasive 
procedure.
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Neoplasms of the Intrarenal 
Collecting Systems, Ureters, 
and Bladder

Transitional Cell Carcinoma

Urothelial malignancies make up the vast 
majority of neoplasms involving the intrare­
nal collecting system, ureters, and bladder, 
with more than 90% of these malignancies 
representing TCCs. In rare cases, squamous 
cell carcinomas and adenocarcinomas can 
also arise from the urothelium. In the vast 
majority of cases, these tumors occur in men 
older than age 60, with other risk factors 
including smoking, analgesic use, phenace­
tin, radiation, aniline dyes, and a variety of 
other chemical carcinogens [9,11]. Regardless 
of their location, TCCs have a strong ten­
dency for multiplicity, metachronous lesions, 
and recurrence, features that must be kept in 
mind when interpreting studies with a poten­
tial TCC. The presence of a single lesion 
must, by necessity, result in a careful appraisal 
for other lesions. The most common presen­
tation for patients with a TCC, regardless of 
location, is gross hematuria, and any patient 
with this history must undergo MDCT for 
evaluation of the upper urinary tract, as well 
as cystoscopy for evaluation of the bladder. 
Notably, microscopic hematuria confers a 
much lesser risk of malignancy and is present 
in many patients who are asymptomatic. 
Thus, the decision to perform MDCT or 
cystoscopy in this population is a matter 
of more debate and is largely contingent on 
individual patient risk factors.

When evaluating the intrarenal collecting 
systems and ureters for a potential TCC, a 
combination of direct and indirect signs 
must be used to surmise the presence of a 
tumor. Clearly, the presence of a discrete 
urothelial filling defect or mass is strongly 
suspicious for the presence of a malignancy, 
although such a finding is relatively rare 
(Figures  4.1 and 4.2). Small lesions, in par­
ticular, can be quite difficult to prospectively 
identify because beam‐hardening artifact 
from contrast in the collecting system can 

obscure subtle filling defects. Urothelial 
thickening is the other major direct finding 
that should suggest the presence of a tumor. 
Notably, when confronted with bilateral, 
diffuse urothelial thickening, this is much 
more likely to be either infectious or inflamma­
tory in nature. Alternatively, focal urothelial 
thickening, regardless of its location, is suspi­
cious for malignancy and should prompt 
further evaluation. Urothelial thickening, in 
particular, can sometimes be easier to detect 
on the arterial phase images because beam‐
hardening artifact from intraluminal contrast 
can obscure subtle sites of thickening [12–18].

Although both of these direct signs (urothe­
lial thickening, filling defect) are important, a 
variety of secondary signs can be equally 
valuable, particularly when confronted by 
small lesions that are not readily visible. 
In particular, careful attention should be paid 
to any sites of asymmetric collecting system 
distension, whether it is asymmetric hydrone­
phrosis, hydroureter, or even focal distension 
of a calyx. In such cases, the distended seg­
ments of the collecting system should be 
followed to the site of transition or change in 
caliber, and an obstructing lesion should be 
searched for at this site. Another important sec­
ondary sign is urothelial hyperenhancement. 

Figure 4.1  Coronal MDCT image in the excretory 
phase demonstrates an obstructing transitional cell 
carcinoma (arrow) in the right mid ureter resulting in 
upstream hydronephrosis and hydroureter.
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Although TCCs have not traditionally been 
thought of as hypervascular tumors, they do 
tend to be fairly avidly enhancing on the arte­
rial phase images. Whereas diffuse hyperen­
hancement is often on the basis of infection, 
instrumentation, or urothelial inflammation, 
focal hyperenhancement should always be 
considered abnormal and should prompt 
careful evaluation for a tumor. Finally, TCCs, 
regardless of location, have a tendency to cal­
cify, and any calcification along the urothe­
lium should raise concern, particularly when 
seen in association with focal urothelial thick­
ening or nodularity.

Interestingly, although MDCT has primar­
ily been seen as a tool for evaluating the upper 
urinary tract, MDCT is better than com­
monly thought for evaluation of the bladder. 
While no one would argue that cystoscopy 
should be displaced as the primary diagnostic 
test for identification of bladder tumors, 
MDCT can perform reasonably well, particu­
larly when proper CT urography technique is 
used (i.e., good distension of the bladder with 
multiphase imaging). Several studies have 
shown reasonably good results for MDCT, 

including a study by Turney et al. that compared 
MDCT with cystoscopy in a group of patients 
with hematuria and found a sensitivity and 
specificity for MDCT of 93% and 99%, respec­
tively [19–21]. Of course, the sensitivity and 
specificity of MDCT in such patients is highly 
contingent on the protocols and techniques 
used, but such studies do emphasize that the 
radiologist might be able to diagnose a size­
able percentage of bladder tumors if careful 
attention is paid to the bladder in every case. 
Moreover, in our own experience, bladder 
cancers are not infrequently identified 
incidentally on MDCT, and such cases will 
undoubtedly be missed if subtle findings are 
not appreciated [22].

The imaging findings of a TCC in the 
bladder are not dissimilar to those in the 
upper urinary tract, with the most reliable 
findings including a focal nodule/mass or 
focal urothelial thickening (Figures  4.3–4.5) 
[23,24]. In our experience, although the 
delayed images have traditionally been 
considered the most important for detection 
of lesions in the bladder, subtle or small 
lesions can easily be missed in this phase 

Figure 4.2  Axial (a) and coronal (b) MDCT images demonstrate a subtle mass (arrow) in the upper pole kidney, 
representing a transitional cell carcinoma.

(a)

(b)
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because of obscuration by surrounding dense 
contrast. As a result, the arterial phase images 
can often be more helpful, particularly as 
bladder TCCs, like TCCs in the upper urinary 
tract, tend to avidly enhance on the arterial 
phase images. Kim et al. found that bladder 
tumors tended to show peak enhancement 
(up to 105 Hounsfield units) early, at roughly 

60 seconds, before slowly “washing out” over 
time [25,26]. Accordingly, if the bladder if 
effectively distended with good oral hydra­
tion before the study (and the patient is 
instructed to avoid urination until the study is 
completed), the arterial phase images should 
be the primary focus when searching for a 
bladder TCC. Similarly, a careful search 

Figure 4.3  Axial arterial phase MDCT demonstrates 
two tiny hyperenhancing nodules (arrows) in the 
bladder, representing small bladder transitional cell 
carcinomas.

Figure 4.4  Axial arterial phase MDCT demonstrates 
a markedly hypervascular mass (arrow) in the 
posterior bladder, representing a large transitional 
cell carcinoma.

Figure 4.5  Axial arterial (a) and excretory (b) phase images demonstrate a small transitional cell carcinoma 
(arrow) in the posterior aspect of the right bladder.

(a) (b)
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should be made for calcification (which 
should be distinguished from nondependent 
bladder stones), and such calcifications are 
much easier to identify (particularly in the 
dependent portion of the bladder) when the 
bladder is not filled with radiodense contrast 
material.

Other Less Common Tumors 
of the Collecting Systems, Ureters, 
and Bladder

●● Lymphoma: Lymphoma can rarely involve 
the intrarenal collecting system and the 
ureters, often infiltrating along the mar­
gins of the urothelium. Like lymphoma 
elsewhere in the body, these tend to be 
“soft” tumors that result in little mass effect 
or obstruction. Accordingly, although 
these lesions can superficially mimic TCCs 
in their appearance, they will conspicuously 
not result in hydronephrosis or hydroureter. 
Moreover, lymphoma of the collecting 
system is usually associated with signifi­
cant lymphadenopathy elsewhere in the 
abdomen.

●● Metastases: Metastatic disease to the 
collecting systems or bladder is quite rare 
and based on the MDCT appearance alone, 
is usually not readily distinguishable from 

a primary TCC. The most common tumors 
to metastasize to the collecting systems 
include breast cancer, gastrointestinal tract 
malignancies, prostate cancer, and cervical 
cancer (Figure  4.6). In such cases, the 
patient’s history of a primary malignancy 
should be the key to suggesting the correct 
diagnosis.

●● Leiomyoma: Benign tumors of the bladder, 
leiomyomas are intramural lesions arising 
from the smooth muscle layer of the 
urothelium. Although they can arise any­
where along the course of the urinary tract, 
they are most common in the bladder. They 
are almost always smoothly marginated 
and will often be mildly hyperenhancing on 
the arterial phase images because of their 
smooth muscle component. For all practi­
cal purposes, these lesions are not reliably 
distinguishable from a TCC based on the 
MDCT appearance alone.

●● Extra‐adrenal pheochomocytoma or 
paraganglioma: Rare tumors with a character­
istic clinical presentation (i.e., episodic 
hypertension during micturition), para­
gangliomas of the bladder have a unique 
appearance on MDCT. These lesions tend to 
be intramural in location, with a smoothly 
marginated contour, and most importantly, 
are profoundly hypervascular on arterial 

Figure 4.6  Coronal (a) and axial (b) excretory phase images demonstrate a nodular filling defect (arrow) in the 
renal pelvis. This was found to represent a metastasis from the patient’s known renal cell carcinoma.

(a)

(b)
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phase imaging, routinely demonstrating 
Hounsfield attenuation values over 100, much 
higher than TCCs (Figure  4.7). When 
confronted with a characteristic clinical 
history or a patient with suggestive bio­
chemical abnormalities, a lesion with such 
an appearance should be strongly suggestive 
of this diagnosis.

●● Adenocarcinoma of the urachus: Adenocarci­
nomas of the bladder are quite rare, 
accounting for less than 1% of all bladder 
tumors, and of these, up to 40% arise from 
the urachus. These tumors characteristi­
cally arise in the midline near the dome of 
the bladder, in the expected location of the 
urachus, which runs from the bladder to 
the umbilicus (Figure  4.8). These lesions 
have a unique predisposition for periph­
eral calcification, often with solid and 
cystic components.

Solid Renal Parenchymal 
Lesions

Renal Cell Carcinoma

The identification of a solid, enhancing renal 
mass requires a MDCT examination with 
noncontrast imaging and at least one post­
contrast phase (arterial, venous, or delayed). 
In practice, however, the inclusion of multiple 

postcontrast phases improves lesion detection 
and sensitivity because any given solid renal 
mass may be more or less conspicuous on a 
given phase. Most RCCs (the majority of 
which are clear‐cell RCCs) tend to be maxi­
mally conspicuous on the arterial and delayed 
phase images, although it is not uncommon 
to intermittently be confronted with a tumor 
only visible on the venous or delayed images. 
The inclusion of noncontrast images is criti­
cal because measurement of Hounsfield 
attenuation values within a lesion to quantify 
enhancement may be necessary in equivocal 
cases, where a hyperdense or hemorrhagic 
cyst cannot be differentiated from a hypoen­
hancing solid renal mass (such as a papillary 
or chromophobe RCC) by visual analysis 
alone. In general, any lesion which enhances 
more than 20 Hounsfield units is considered 
to be solid, whereas lesions enhancing less 
than 10 Hounsfield units can be confidently 
characterized as benign. Lesions showing 
changes in Hounsfield attenuation of 10–20 
Hounsfield units are considered equivocal, 
perhaps deserving of follow‐up, although the 
vast majority of such lesions are benign.

Figure 4.7  Axial arterial phase image demonstrates 
a profoundly hypervascular mass (arrow) in the left 
anterior bladder, found to represent a 
paraganglioma.

Figure 4.8  Axial MDCT image demonstrates a 
urachal adenocarcinoma (arrow) arising from near 
the bladder dome anteriorly.
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Once a renal mass is identified and deter­
mined to be solid, both enhancement charac­
teristics and lesion morphology may help 
differentiate the different subtypes of RCC, 
namely clear‐cell RCC (the most common), 
papillary RCC, and chromophobe RCC. 
From an enhancement perspective, clear‐cell 
RCCs tend to be avidly hypervascular, with 
Hounsfield attenuation values usually over 
100 in the arterial phase, high tumor‐to‐cortex 
enhancement ratios, and rapid washout in 
the delayed phase (>40%; Figure 4.9) [27–30]. 
Accordingly, given this avid vascularity, it is 
not surprising that most clear‐cell RCCs are 
most conspicuous in the arterial phase of 
imaging. Papillary RCCs, alternatively, are 
relatively hypovascular, with different 
authors reporting Hounsfield attenuation 
values of 75 or less in the corticomedullary 
phase, low tumor‐to‐cortex enhancement 
ratios, and a lack of washout in the delayed 
phase (Figure  4.10). This relative lack of 
enhancement or washout presents a unique 
challenge on MDCT because not only are 
these tumors relatively less conspicuous in 
any phase of imaging, but they are also not 
uncommonly mistaken for hyperdense cysts 
(particularly on routine scans where only one 
phase of imaging is acquired). Finally, chro­
mophobe RCCs, the least common of the 
three major variants, tend to show enhance­
ment and attenuation values somewhere in 

between the clear‐cell and papillary variants, 
with intermediate tumor‐to‐cortex values 
and mild washout (roughly 30%; Figure 4.11) 
[27–32]. Morphologically, all three subtypes 
can demonstrate calcification, although cal­
cification is most common in the clear‐cell 
subtype. Clear‐cells RCCs, particularly when 
larger, tend to be relatively heterogeneous, 
especially with more aggressive subtypes, 
whereas papillary RCCs tend to be more 
homogeneous in appearance. Chromophobe 
RCCs most often are homogeneous but also 
have a unique predisposition for developing 
a central scar [33–38]. Overall, although 
these individual morphologic and enhance­
ment characteristics of each tumor type may 
be suggestive of a histologic diagnosis, there 
is a great deal of overlap, and accurate pro­
spective diagnosis based on imaging features 
alone is not possible at this point in time.

Oncocytoma

Renal oncocytomas represent 3–7% of all 
renal masses and are benign lesions that arise 
from the collecting duct epithelium. 
Unfortunately, there is no reliable means on 
MDCT (or any other imaging modality) to 
confidently distinguish oncocytomas from 
clear‐cell RCCs. Although oncocytomas do 
have a tendency to demonstrate homogenous 
enhancement with a central stellate scar, as 

Figure 4.9  Axial arterial (a) and excretory (b) phase images demonstrate a markedly hypervascular mass in the 
right kidney which washes out on the delayed images, in keeping with a clear‐cell renal cell carcinoma.

(a) (b)
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opposed to the more heterogeneous enhance­
ment of clear‐cell RCCs, there is too much 
overlap for any morphologic feature to be a 
useful discriminator (Figures 4.12–4.14) [39]. 

Enhancement characteristics may be mildly 
useful, with a recent study by Raman et  al. 
suggesting that clear‐cell RCCs demonstrated 
slightly greater degrees of enhancement on 

(a)

(b)

Figure 4.10  Axial arterial (a) and venous (b) phase images demonstrate a left sided renal mass (arrow), which 
demonstrates no significant change in enhancement between the two phases, and which enhanced only 
25 Hounsfield units compared to the noncontrast images (not shown). This was found to be a papillary renal 
cell carcinoma.

Figure 4.11  Axial MDCT image demonstrates a 
homogenous, hypovascular renal mass (arrow) found 
to represent a chromophobe renal cell carcinoma.

Figure 4.12  Axial arterial phase MDCT demonstrates 
small hypervascular mass (arrow) with a central scar in 
the left kidney found to represent a small oncocytoma.
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both the corticomedullary and excretory 
phases compared to oncocytomas, but the 
differences in enhancement were too small 
to reliably discriminate the two tumor 
types with any confidence [40]. In general, 
oncocytomas, like clear‐cell RCCs, are 
hypervascular tumors that tend to be most 
conspicuous in the arterial phase of imaging. 
Some studies have suggested that oncocyto­
mas may be more likely than other renal 
tumor types to demonstrate “segmental 
enhancement inversion,” a phenomenon in 

which a renal mass shows two discrete 
regions of enhancement, one of which shows 
greater enhancement in the corticomedul­
lary phase and the other of which shows 
greater enhancement on the excretory phase 
[39,41–43]. The reliability of this finding has 
been debated in a number of articles, and 
its wider applicability in daily practice is 
debatable at best.

Angiomyolipomas

Renal angiomyolipomas (AMLs) are the 
most common type of benign renal mass, 
and the vast majority of these benign lesions 
can be easily identified by the presence 
of  macroscopic fat (typically –10 to –40 
Hounsfield units). Although most AMLs will 
demonstrate some amount of internal fat on 
MDCT, 4.5% of all AMLs do not demonstrate 
any appreciable fat on imaging (so called 
“lipid‐poor angiomyolipomas”) and consist 
of predominantly muscle and vascular com­
ponents. Several attempts have been made to 
differentiate RCCs from lipid‐poor AMLs, 
including histogram analysis of individual 
pixels within the lesion to search for micro­
scopic fat, and morphologic analyses, which 
have suggested AMLs are more likely to have 
an “angular interface” with the renal cortex, a 
“hypodense rim” at the margins of the mass, 

Figure 4.13  Axial arterial phase MDCT 
demonstrates a hypervascular mass (arrow) with a 
central scar in the left kidney found to represent a 
oncocytoma.

Figure 4.14  Axial arterial (b) and excretory (b) phase MDCT images demonstrate a hypervascular mass (arrow) 
with a central scar in the right kidney and rapid washout out on the delayed image, found to represent a 
oncocytoma.

(a)

(b)
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and be hyperdense on noncontrast imaging 
(Hounsfield attenuation >38.5) [44]. None of 
these are highly specific signs, however, and 
the ability of MDCT to accurately character 
lipid‐poor AMLs is still quite limited 
(Figures 4.15–4.17).

Evaluation of Small Renal Masses

Largely as a result of dramatic improvements 
in MDCT scanner technology over the last 
decade, with marked improvements in spatial 

resolution, there has been a dramatic increase 
in the incidence of small renal masses 
(defined as renal cortical neoplasms measur­
ing less than 4 cm in size). Although differen­
tiating malignant from benign renal masses 
is problematic for lesions measuring more 
than 4 cm as well, it is particularly a problem 
for these small renal masses because any­
where between 15% and 30% of such masses 
are ultimately found to be benign (oncocyto­
mas, lipid poor AMLs, adenomas, etc.). 
Unfortunately, multiple studies have found 
no reliable means, whether in terms of tumor 
morphology, histogram analysis, or enhance­
ment characteristics, to differentiate benign 
from malignant small renal masses (provided 
there is no evidence of intratumoral macro­
scopic fat) [45–49]. While many centers still 
treat such small renal masses with partial 
nephrectomy or ablation, active surveillance 
with MDCT has become an accepted prac­
tice, particularly in patients who are elderly 
with significant comorbidities or limited life 
expectancy.

Infiltrative Renal Masses: Lymphoma 
and Transitional Cell Carcinoma

In the vast majority of cases, RCCs and the 
other solid renal masses described appear as 
well circumscribed, well marginated renal 

Figure 4.15  Axial noncontrast (a) and post‐contrast (b) demonstrate a fat‐containing angiomyolipoma (arrow) 
in the left kidney.

(a)
(b)

Figure 4.16  Axial noncontrast MDCT image 
demonstrates a hyperdense (Hounsfield attenuation 
of 40) mass (arrow) arising from the left kidney, 
found to represent a lipid‐poor angiomyolipoma.
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masses with clearly defined boundaries and 
margins. When confronted with an infiltra­
tive renal mass, however, this is much less 
likely to be a RCC, but rather, is more likely 
to represent either a TCC extending beyond 
the renal collecting system into the renal 
parenchyma or renal lymphoma. It should be 
noted, however, that on rare occasions, 
particularly with more aggressive variants 
of RCC, a RCC could have an infiltrative 
appearance (Figure  4.18). Renal lymphoma 
can present as a solitary infiltrative hypovas­

cular mass, multiple unilateral or bilateral 
poorly marginated renal masses, a perinephric 
soft‐tissue mass encasing the kidney without 
an appreciable intraparenchymal compo­
nent, or as a large extranodal mass secondar­
ily involving the kidney (Figure  4.19). 
Although the distinction between TCC and 
lymphoma may not always be obvious, renal 
lymphoma virtually always represents sec­
ondary renal lymphoma, and there will typi­
cally be evidence of extrarenal nodal disease 
elsewhere [50].

Figure 4.17  Axial noncontrast (a) and postcontrast (b) MDCT images demonstrates a intrinsically hyperdense 
(precontrast Hounsfield attenuation of greater than 35) mass (arrows) arising from the left kidney, found to 
represent a lipid‐poor angiomyolipoma.

(a) (b)

Figure 4.18  Axial contrast enhanced MDCT 
demonstrates a large aggressive infiltrating mass in 
the right kidney. Although this was thought to be a 
transitional cell carcinoma based on the imaging 
appearance, it was an aggressive variant of renal cell 
carcinoma.

Figure 4.19  Axial postcontrast MDCT demonstrates 
a rind of soft tissue (arrow) in the right perinephric 
space, in keeping with lymphoma.
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Conclusion

Although other radiologic modalities such as 
magnetic resonance imaging (MRI) and posi­
tron emission tomography (PET) can now 
make significant contributions toward the 
imaging and staging of urologic malignancies, 
MDCT remains the first‐line imaging modality 
for the identification, characterization, and 

diagnosis of urologic malignancies, regardless 
of whether they arise from the renal paren­
chyma or from the urothelium in the intrarenal 
collecting system, ureters, or bladder. However, 
accurate diagnosis and characterization is 
highly dependent on protocol design. Even in 
the hands of the best radiologist, an unequivo­
cal malignancy can easily be missed if there are 
errors in study acquisition and technique.
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Magnetic Resonance 
Imaging

Magnetic resonance imaging (MRI) uses 
information obtained from the movement 
and rotation of hydrogen atom protons within 
a strong magnet, following the application of 
radiofrequency fields. Following the reversal 
of the radiofrequency field, the protons return 
to a state of equilibrium at varying rates in 
different tissues. These characteristics are 
differentially exploited by the different MR 
parameters to depict contrast between soft 
tissues (including between benign and 
malignant tissue). Major advantages of MRI 
include excellent spatial resolution, multiplanar 
imaging, and the lack of radiation.

MRI Sequences

T1‐ and T2‐Weighted
Traditionally, MRI has included T1‐ and T2‐
weighted sequences, which provide anatomical 
information for disease staging purposes. 
T1‐weighted images differentiate fat from 
water and are interpreted for the presence 
of  postbiopsy hemorrhage and metastatic 
disease within the pelvic bones and lymph 

nodes. T2‐weighted images are used to assess 
anatomy, for localization and extent of visible 
cancer lesions (Figure 5.1).

Other MR sequences are now available 
that provide functional information on 
different tissues and which can be used to 
distinguish cancer lesions from normal tissue. 
The addition of any one or more of these 
sequences to standard T1‐ and T2‐weighting 
is termed multiparametric MR imaging. 
Different sequence combinations are now 
in  use to evaluate a variety of urological 
malignancies. Both diffusion‐weighted and 
dynamic contrast‐enhanced sequences assess 
physiological behavior, whereas MR spec­
troscopy assesses metabolic factors.

Diffusion‐Weighted MRI
Diffusion‐weighted (DW) imaging interprets 
the “diffusivity” or Brownian motion of water 
within tissue. Water movement is reduced 
where cells are tightly packed, such as within 
cancer tissue. This water movement restric­
tion is represented by reduced signal inten­
sity on DW imaging. This can be represented 
quantifiably by the apparent diffusion coeffi­
cient (ADC), which is a measure of average 
molecular motion.
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Dynamic Contrast‐Enhanced MRI
Contrast‐enhanced MRI uses the addition of 
a contrast agent, usually Gadolinium, to 
depict the vascular nature of cancer lesions 
shown as high signal on T1‐weighted images. 
Dynamic contrast‐enhanced (DCE) imaging 
captures the change in signal intensity over 
time following contrast agent intravenous 
administration, as the contrast distributes 
between the vasculature and the tissue. 
There is rapid uptake by the cancer tissue 
because of increased angiogenesis, micro­
vasculature, and tissue permeability, and also 
rapid wash‐out.

MR Spectroscopy
1H‐MR spectroscopy (MRS) depicts the con­
centrations of different metabolites in tissues. 
Spectroscopy itself observes the chemical 
changes in cancer cells, which tend to pre­
cede visually apparent anatomical changes. 
Once combined with MRI, which provides 
additional anatomical information, MRS 
theoretically provides an excellent tool for the 
early evaluation of cancers [1]. The spectra of 
metabolites within cells are visually inspected 
and can be depicted as a color map using 
computer‐aided diagnosis (CAD) software. 
More recently, the use of metabolomics has 

(a)

(b)

(c)

Figure 5.1  T2+ b1000 diffusion weighted (fused) whole‐body magnetic resonance images showing (a) para‐
aortic lymphadenopathy, (b) femoral head and pelvic and (c) left cervical metastases in a man with advanced 
prostate cancer.



MRI and Metabolic Imaging 61

been introduced for MRS interpretation, in 
which a statistical method is applied instead 
of visual inspection [1]. This is thought to 
offer a more reliable and robust method, but 
it is not yet considered standard in MRS 
interpretation. MRS is currently considered 
a  research tool and has not been fully inte­
grated into clinical diagnostics.

Clinical Applications of MRI 
for Prostate Cancer

Introduction

Cancer lesions usually demonstrate low‐
signal intensity on T2‐weighted images and 
are most easily visualized against the high‐
signal background of the peripheral zone. 
Identification of tumors within the transition 
zone is more challenging because of the 
heterogeneous T2‐weighted signal in this 
area; however, malignant lesions tend to 
demonstrate homogenous signal and a len­
ticular shape on T2‐weighted imaging. When 
these features are identified, sensitivity rates 
of 75–80% and specificity rates of 78–87%, 
respectively, can be obtained for cancer 
detection on T1‐ and T2‐weighted MRI, 
against a reference standard of radical 
prostatectomy [2].

With any combination of additional func­
tional sequences (DW, DCE, and MRS), 
multiparametric MRI (mpMRI), the accu­
racy for detecting lesions increases. In par­
ticular, recent data supports the ability of 
mpMRI with DW imaging to identify lesions 
of different Gleason grade and risk classifica­
tion [3], and to predict aggressiveness [4]. 
The addition of DCE MRI to standard T1‐ 
and T2‐weighted imaging has been shown to 
identify lesions of greater than 0.5 mL with 
sensitivity of 86% and specificity of 94%, 
respectively [5]. The value of MRS has been 
more equivocal with the ACRIN study 
demonstrating no clear benefit of its use for 
identifying prostate cancer lesions in the 
peripheral zone, over standard T2‐weighting 
alone [6]. However, in another study, the 

addition of either MRS or DCE sequences to 
DW imaging increased the area‐under‐the‐
curve values for identifying tumors more than 
1 mL from 0.65––0.71 to 0.94, with no addi­
tional benefit of adding a third sequence [7].

Most clinical centers currently use one or 
two additional sequences to T1‐ and T2‐
weighting, with scanning and interpretation 
time burden being a limitation with each 
additional sequence. The use of an endorectal 
coil, in addition to a pelvic‐phased array coil, 
differs between centers dependent on the 
local imaging protocol. One of the controver­
sies in mpMRI is the lack of consistency in its 
conduct and reporting. This was originally 
addressed by a European consensus group, 
with proposals for unification, including the 
use of five‐point Likert‐type scoring system 
for the interpretation of MR imaging results 
[8]. The consensus statements were followed 
up with the publication of European guide­
lines [9], in which the “PIRADs” scoring scale 
was proposed—so‐called in recognition of its 
similarity to the BIRADs scoring system for 
breast imaging. Hopefully these combined 
consensus and guideline outputs, together 
with recent research studies aiming to vali­
date the proposals, will result in more con­
formity in MR  imaging and allow easier 
comparisons between research studies. 
Additionally, work on CAD systems is under­
way to help with the reporting and scoring 
of mpMRI to help reduce error.

mpMRI in Men with Suspected 
Prostate Cancer

Until fairly recently, the use of MRI in pros­
tate cancer imaging has been limited to 
assessing tumor burden and staging disease, 
following a histological diagnosis, to aid 
management planning. Within this standard 
pathway, men receive a standard pelvic MRI 
around 3–6 weeks following a diagnostic 
transrectal ultrasound (TRUS) biopsy. There 
are many limitations to this pathway, how­
ever. Firstly, the TRUS biopsy is performed 
“blind” to tumor location and may miss or 
undercall disease burden. Secondly, postbiopsy 
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hemorrhagic artifact results in accuracies 
in  interpreting disease burden. In the last 
5 years, there has been a shift toward perfor­
ming mpMRI pre‐biopsy, in at‐risk men 
(raised PSA or abnormal digital rectal exami­
nation) to reduce these limitations [10], and 
this practice is now becoming standard of 
care in many centers.

Those with suspicious lesions on prebiopsy 
mpMRI can then undergo limited, targeted 
biopsies (either transperineal or transrectal) 
delivered to the area of concern. This tar­
geted biopsy strategy appears to diminish the 
risk of understaging that currently occurs in 
up to 30% of men undergoing diagnostic 
TRUS biopsy [11]. Indeed, there is growing 
evidence to support equivalent or better risk 
stratification with image targeting, compared 
to sampling biopsies. A recent systematic 
review reported equivalence in the detection 
of clinically significant cancer with image‐
targeted biopsies against conventional TRUS‐
guided biopsy, with a smaller number of 
cores required (3.8 versus 12 cores) [12].

Another valuable attribute of mpMRI for 
prostate cancer is that the likelihood of a 
positive scan correlates closely with tumor 
burden. mpMRI has demonstrated poor sen­
sitivity for low‐grade, low‐volume disease, in 
the range of approximately 30% for lesions 
<0.5 mL, increasing to more than 80% for 
detecting lesions >0.5 mL in one series.(5) 
Evidence is starting to accumulate that 
mpMRI is sensitive to tumor grade as well as 
tumor volume [3,13], resulting in a high neg­
ative predictive value (approximately 95%) 
for ruling out clinically significant disease [14]. 
Therefore, mpMRI may provide accurate 
information on the location and burden 
of clinically significant cancer lesions, while 
systematically overlooking clinically insig­
nificant disease.

mpMRI for Planning Focal Treatment 
for Prostate Cancer

To date, most focal therapy studies have 
relied primarily on standard diagnostic sam­
pling TRUS biopsy to detect and lateralize 

prostate cancer, without imaging correla­
tion. However, there is significant potential 
for missing clinically significant lesions 
using TRUS biopsy alone, and it is likely that 
much of the variation in oncological out­
comes from focal therapy can be attributed 
to differences in preoperative disease locali­
zation, rather than to the therapy itself. The 
adoption of mpMRI before focal therapy 
may improve accuracy of lesion identifica­
tion and risk assessment for treatment 
planning.

Theoretically, the tighter the margin for 
focal treatment, the lower the rate of side 
effects. However, the potential trade‐off of a 
more focal treatment is the risk of under­
treatment and diminished oncological con­
trol. This risk could be minimized if highly 
accurate information were available on 
tumor locality, size, and peripheral (micro­
scopic) extent. Although mpMRI is showing 
promise in the first two criteria, there is not 
currently sufficient research data on the 
accuracy of mpMRI for delineating periph­
eral cancer lesion margins. As a result, when 
planning focal therapy, a generous treatment 
margin is required to ensure adequate 
coverage.

Intraoperative mpMRI for Guiding 
Prostate Cancer Focal Therapy

Image guidance during treatment may 
reduce margin errors through direct visual 
assessment of the lesion. However, the major­
ity of modalities adopted for focal therapy, 
such as cryotherapy and high‐intensity 
focused ultrasound (HIFU), use an ultra­
sound platform for delivery of treatment 
without the provision for accurate lesion 
detection. This limitation has led most clini­
cians performing focal therapy to treat based 
on anatomical areas, such as the hemi‐ or 
quadrant gland, with avoidance of under­
treatment at the margins. As prostate cancer 
detection by mpMRI has been found to cor­
relate with grade and size, it could be hypoth­
esised that margin errors might be reduced 
when treating MR‐visible lesions, if imaging 
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was appropriately incorporated into treatment 
planning and delivery.

There is a growing number of commercially 
available devices that coregister MR and 
ultrasound images to guide targeted prostate 
biopsies or to deliver focal treatment using an 
ultrasound platform. However, most devices 
are limited in accuracy because they do not 
perform “deformable” registration, with 
allowances for changes in prostate size and 
shape according to the position of the patient 
and the presence, or otherwise, or a rectal 
probe or endorectal coil. Early studies of 
deformable MR‐ultrasound registration plat­
forms in phantom models [15,16] demon­
strated encouraging accuracy rates. Further, a 
deformable image registration technique that 
had demonstrated accuracy of 2.4 mm in 
phantom studies [17] was recently adopted 
with a prospective clinical study of focal ther­
apy for localized prostate cancer. Although 
accuracy of the technique could not be 
assessed, coregistration of MR and ultra­
sound images within the operating theater 
was shown to be efficient and safe, with visual 
depiction of the lesion on the HIFU device 
during the ablation procedure [18].

MRI in the Follow‐Up of Prostate 
Cancer Focal Therapy

MRI would appear an attractive, noninvasive 
means of follow‐up after focal treatment, 
compared to serial biopsies, which carry a, 
not insignificant, procedure‐related morbid­
ity risk. Biochemical parameters (e.g., serum 
prostate‐specific antigen [PSA]) may also be 
inaccurate in detecting residual or recurrent 
disease because of the presence of untreated 
prostate tissue. mpMRI has demonstrated 
reasonable accuracy in identifying residual 
disease after whole‐gland HIFU for localized 
prostate cancer, when compared to postop­
erative biopsy [19]. Good correlation between 
ablated volumes and early postoperative MRI 
findings has been shown against radical pros­
tatectomy specimens in small Phase I studies 
of focal laser ablation [20] and transperineal 
radiofrequency interstitial ablation [21]. 

However, longer‐term oncological outcomes 
have not yet been formally assessed against 
an appropriate histological reference stand­
ard in men undergoing prostate focal treat­
ment. Data is awaited in this area, before MRI 
can be recommended as a reliable follow‐up 
tool. Additionally, consideration needs to be 
given to the cost implications of integrating 
long‐term imaging in focal treatment proto­
cols and the appropriate interval timescales 
for capturing new or residual disease.

Clinical Applications of MRI 
for Renal Cancer

Most renal lesions are evaluated using ultra­
sound and computed tomography (CT) and 
are often an incidental finding on imaging for 
alternative pathology. The majority of lesions 
can be classified as benign or malignant 
using ultrasound and CT, but MRI is consid­
ered a useful tool for equivocal lesions and 
also for posttreatment follow‐up. Indeed, 
MRI has demonstrated more definitive 
diagnostic information of indeterminate 
lesions on ultrasound than contrast‐enhanced 
CT but with likely cost implications [22].

Similar diagnostic techniques are adopted 
as for prostate cancer detection. Anatomical 
imaging using T1‐ and T2‐weighted multi­
planar scans followed by functional 
sequences using DW and contrast enhance­
ment. Renal MRI is challenging because of 
respiratory motion, and various strategies 
need to be used to reduce artifact from this, 
including breath hold sequences and respira­
tory gating. MRI (without contrast enhance­
ment) can be used in cases of renal failure in 
place of contrast‐enhanced CT.

Correlation of ADC values between benign 
and malignant lesions has been reported in 
several recent studies. In one study of 26 renal 
lesions, renal tumors had significantly lower 
ADCs compared with benign cysts, and solid‐
enhancing tumors had significantly lower 
ADCs compared with nonenhancing necrotic 
or cystic regions [23]. A similar correlation 
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was demonstrated by Kim et al. in comparing 
ADC values between renal cell carcinomas 
(RCCs) and benign cysts [24]. Furthermore, 
ADC values differed between solid and cystic 
components of complex cysts. Overall, how­
ever, DW imaging demonstrated equivalent 
performance to contrast‐enhanced T1‐
weighted imaging across all lesion types. 
Although many studies are showing promise 
in the ability of DW imaging to differentiate 
benign from malignant renal lesions, and even 
to differentiate between tumor types, there is 
currently too much overlap of ADC values 
across the spectra of lesions to definitively 
recommend its routine use at present [25].

Ho et al. demonstrated promising diagnos­
tic ability of contrast‐enhanced MRI to dis­
tinguish malignant renal lesions from benign 
cysts [26]. However, a more contemporary 
series did not reproduce this encouraging 
result, with no differentiation in enhance­
ment patterns shown between benign and 
malignant lesions on dynamic contrast‐
enhanced MRI [27]. However, there was 
moderate diagnostic differentiation between 
tumor subtypes in this study (i.e., papillary 
versus nonpapillary RCCs).

Despite some promising research findings, 
the performance characteristics of MRI are 
generally inferior to CT, particularly with the 
new generation of CT equipment. As such, CT 
remains the superior imaging test in the depic­
tion of renal vascular anatomy, capsular 
margins, and renal sinus invasion for planning 
treatment management. Nephron‐sparing sur­
gery and ablation still rely on CT planning and 
assessment. Further, the majority of focal abla­
tions are carried out using CT guidance and 
are operatively assessed using CT. However, 
MRI may be useful for long‐term follow‐up 
post ablation to reduce radiation burden.

Clinical Applications of MRI 
for Bladder Cancer

MRI has been shown to be accurate in the 
evaluation of bladder tumors in assessing 
local invasion and for staging and has the 

advantage over CT of excellent soft‐tissue 
resolution and multiplanar ability. However, 
in both cases, imaging is conventionally per­
formed following histopathological confir­
mation of cancer, from bladder biopsy or 
resection. Subsequently, the place of imaging 
within the bladder cancer pathway remains 
to be determined, particularly because 
resection causes local disturbance and 
inflammatory response, which limits imag­
ing interpretation. MRI may, however, have a 
role in problem solving to assess large tumors 
before surgery including the presence of 
bladder neck, ureteric, urethral, cervical, and 
vaginal invasion. Additionally, MRI may be 
useful for assessing postneoadjuvant chemo­
therapy tumor response.

On T1‐weighted images, the urine demon­
strates low‐signal intensity, with intermedi­
ate signal intensity of the bladder wall, and 
high‐signal intensity of the surrounding fat. 
On T2‐weighted images, the urine has high‐
signal intensity and the bladder wall has low‐
signal intensity. The T2‐images are primarily 
used to assess involvement of the detrusor 
muscle and surrounding structures. Short 
tau inversion recovery (STIR) sequences can 
be applied to suppress perivesical fat, result­
ing in more distinct signal characteristics of 
tumors compared to the surrounding normal 
tissue. Further, MRI is superior to CT for 
determining muscle invasion and extravesi­
cle disease, for local staging before radical 
treatment planning.

As with prostate cancer, use of a multipara­
metric approach appears to allow correlation 
with cancer aggressiveness. Increased cellular 
density of bladder tumors leads to increased 
signal intensity on diffusion‐weighted images 
and a reduced ADC value. In one recent study 
evaluating diffusion‐weighted MRI in 43 
patients, ADC values inversely correlated 
with the grade of the disease [28]. Additionally, 
ADC values differed significantly between 
muscle invading tumors and those without 
muscle involvement. The area under the 
receiver operating characteristics (ROC) 
curve values were 0.884 for the prediction of 
muscle invasion and 0.906 for the prediction 
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of high‐grade disease, according to ADC 
values. As a result, DW imaging has been 
proposed as an excellent imaging parameter 
in identifying suitable candidates for organ‐
sparing treatment [29].

The addition of dynamic contrast enhance­
ment to T2‐weighting MRI has been shown 
to result in improved interobserver agree­
ment and improved localization of small 
cancers, against a cystectomy histopathology 
specimen reference standard [30]. Addi­
tionally, bladder‐cancer aggressiveness was 
significantly negatively correlated with a 
semi‐quantitative assessment of DCE (wash‐
in and wash‐out rates), as well as negatively 
correlating with ADC value on diffusion 
weighting in the same series, with marginally 
higher accuracy of the diffusion‐weighting 
parameter over DCE [31].

New Advances in MRI

Whole‐Body MRI

Research data is starting to emerge on the 
use of whole‐body MRI with diffusion 
weighting to evaluate metastatic disease, 

predominantly in cases of high‐risk prostate 
cancer. It may be advantageous in offering a 
single‐imaging technique as an alternative to 
bone scintigraphy and local staging CT and 
with potentially higher sensitivity and speci­
ficity rates. In particular, it has been pro­
posed as a promising imaging tool in the 
follow‐up of treatment, with a successful 
response usually depicted by a decrease in 
signal intensity, accompanied by an increase 
in ADC values [32].

In a study by Lecouvet et al. comparing the 
accuracy of whole‐body MRI, CT and bone 
scintigraphy in the detection of metastases in 
men with high‐risk prostate cancer, whole‐
body MRI outperformed bone scintigraphy 
(higher sensitivity rates) in the assessment of 
bone metastases but reached equivalence 
with CT in the detection of enlarged lymph 
nodes (Figure 5.2) [33]. However, the accom­
panying editorial to this study questioned 
whether the increased sensitivity of whole‐
body MRI in identifying bone metastases 
would confer clinical benefit in this group of 
patients and also raised attention on the issues 
associated with incidental findings from 
whole‐body imaging. Further research data 
and cost‐effectiveness analyses are awaited 

(a) (b)

Figure 5.2  Coronal whole‐body magnetic resonance images, (a) pre‐contrast and (b) post‐contrast. 
Multiple vertebral and bilateral femoral metastases from advanced prostate cancer.
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before the potential role of whole‐body MRI, 
including within the focal therapy pathway, 
can be determined.

Hyperpolarized 13‐C MRI

Hyperpolarized 13‐C MRI is a novel form 
of  metabolic, MR spectroscopic, imaging. 
Although MRS provides information on 
metabolites in tissue, this is usually repre­
sentative of a static snapshot of cellular activ­
ity. Hyperpolarized produces a far higher 
signal, not only from the intracellular 13‐C 
labeled substrates but also their metabolic 
products. As a result, this type of MRI pro­
vides more dynamic information on the flux 
of 13‐C labeled substrates. Overall, images 
with far higher signal‐to‐noise ratios and 
sensitivity rates are produced compared to 
standard MRS [34]. Indeed, dynamic nuclear 
polarization of 13C‐labeled substrates has 
demonstrated increased enhancement in sig­
nal by 10,000‐fold compared to conventional 
MRI [34]. Another potential advantage 
of  hyperpolarized 13‐C MRI is that it is 
purported to be a rapid technique, with 
evaluation of metabolite distributions within 
seconds, in vivo [35].

To date, in vitro studies have shown 
potential of this technique in earlier detec­
tion of primary cancer and earlier detection 
of tumor response to treatment [36]. The 
technique has also been investigated for a 
range of nononcological applications, such as 
early detection of renal tubular acidosis [37]. 
An  early in vitro study of hyperpolarized 
13‐C MRI on unprocessed histological 
prostate specimens demonstrated good dif­
ferentiation of cellular metabolite activity 
between cancer tissue and benign prostatic 
hyperplasia, such as differences in triacylg­
lycerols, citrate, and acidic mucins [38].

The first‐in‐man clinical study was per­
formed in 31 men with biopsy‐proven 
prostate cancer, whom were injected 
with  hyperpolarized 13‐C‐pyruvate [35]. 
Although the primary objectives of the study 
were to demonstrate safety of the technique, 
with no major adverse events reported, the 

authors also reported elevated 13‐C‐
lactate/13‐C‐pyruvate in areas of biopsy‐
proven cancer tissue. They concluded that 
this novel metabolic technique has potential 
as a noninvasive tool for prostate cancer 
diagnosis and as a posttreatment monitor­
ing tool.

Metabolic Imaging

Introduction

Beyond MRS, metabolic‐imaging techniques 
include bone scintigraphy, single‐photon 
emission computed tomography (SPECT), 
and positron emission tomography–computed 
tomography (PET–CT) (Figure 5.3). These 
are most commonly used in the evaluation of 
metastatic disease to plan management or 
assess response to treatment. In the context 
of focal therapy, metabolic imaging may be 
conducted to ensure localization of disease 
(primary or recurrent) before treatment. 
Additionally, these imaging techniques 
potentially offer significant advances in 
understanding the behavior of urological 
malignancies, including which lesions may 
be amenable to a more targeted treatment 
approach.

Bone Scan

Distant staging for bone metastases, particu­
larly in prostate cancer, is usually assessed as 
standard using bone scintigraphy (bone scan) 
with 99mTc‐phosphonates. Intravenously 
injected diphosphonates bond to hydroxyapa­
tite crystals on the surface of bone, depicting 
osteoblastic activity (Figure  5.4). Although 
bone scintigraphy demonstrates reasonable 
sensitivity, it has low specificity for bone 
metastases, also demonstrating increased 
tracer activity with fractures and degenera­
tive change. However, it remains part of 
the  standard imaging armamentarium for 
staging in urological malignancies and in 
the  follow‐up of disease in association with 
biochemical parameters.



Figure 5.3  Single‐photon emission computed tomography (SPECT) scanner is a nuclear medicine 
tomographic imaging technique using gamma rays.

Figure 5.4  Anterior and posterior whole‐body planar images demonstrating multiple foci of intense increased 
tracer uptake in the axial skeleton including ribs and pelvic bones in keeping with widespread osteoblastic 
bone metastastases.
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PET–CT

PET is an imaging modality that provides a 
quantitative assessment of metabolic and 
functional tissue activity. The images are 
formed by detection of the activity of differ­
ent positron emitting radiotracers, using 
multiple crystals fitted within 180‐degree 
ring detectors. The detected emissions are 
converted into light signals, followed by 
electrical signal displayed on the monitor. 
The PET images are fused with CT images, 
usually performed within the same gantry, 
to provide a more accurate anatomical reference 
of tracer activity.

There are a growing number of radiotracers 
within PET imaging of urological cancers, 
which exploit different metabolic pathways 
within cancer tissue. However, a number 
of  these demonstrate low specificity, with 
increased uptake within other disease 
processes, such as inflammation or infection. 
Newer radiotracers are emerging with 
improved specificity to individual tumor types.

Radiotracers Used in Urological 
Malignancies
Most radionuclides used in PET imaging are 
isotopes with short half‐lives, ranging from 
approximately 2 minutes (oxygen‐15) to 110 
minutes (fluorine). They are bound to natu­
rally occurring metabolites (e.g., glucose), 
or to receptor‐specific molecules.

18F‐flourodeoxyglucose (18F‐FDG) is an 
established tracer in PET imaging. Its rela­
tively long half‐life (approximately 120 min­
utes) allows production off site, avoiding the 
requirement for a departmental cyclotron. 
FDG is a glucose analogue, with replacement 
of an oxygen molecule with 18‐fluorine, 
which is actively transported into cells via 
structurally related transport proteins (GLUT). 
Both glucose and FDG are phosphorylated 
by hexokinase once intracellular. FDG then 
differs from glucose following phosphoryla­
tion (FDG‐6‐Phosphate) by remaining 
intracellular rather than continuing along the 
glycolysis pathway. The increased number of 
glucose transporters (GLUT) in cancer tissue, 

together with its high metabolic and glucose 
demand rates, results in increased uptake 
and retention of FDG compared to normal 
tissue. FDG is primarily excreted via the kid­
neys, resulting in high tracer activity in the 
collecting systems. This renders FDG a poor 
tracer for the detection of some urological 
malignancies. However, it has demonstrated 
good accuracy in the detection of metastatic 
disease and local lymph node involvement.

Choline and acetate derivatives, labeled 
with 11C or 18F, are incorporated within 
lipid metabolic pathways. Choline is an inte­
gral part of the phospholipid membrane. 
Tracers 11C‐choline and 18F‐fluorocholine 
are taken up by choline transporters of can­
cer cells and undergo intracellular phospho­
rylation by choline kinase. The half‐life of the 
two isotopes is 20 minutes and 110 minutes, 
respectively. This has important logistic 
implications, with 11C‐choline requiring an 
on‐site cyclotron. However, the disadvantage 
of 18F‐fluorocholine is that is has a higher 
urinary excretion than 11C‐choline.

Acetate metabolites, usually labeled with 
11C, are converted to acetyl‐CoA by acetyl‐
CoA synthesase, and the substrate is then 
used to either synthesize cholesterol and 
fatty acids for incorporation within the cell 
membrane (anabolic pathway) or it is oxi­
dized by the tricarboxylic acid cycle into CO2 
and H2O (catabolic pathway). As tumor cells 
overexpress fatty acid synthesase, the major­
ity of the tracer is incorporated into intra­
cellular cell membranes via the anabolic 
pathway, which is promoted to allow tumor 
cell growth and metastasis. A major advan­
tage of the acetate derivatives for urological 
imaging is that they are not excreted in the 
urinary tract, making them useful tracers for 
the primary detection of urological tumors.

The tracers 99mTc‐labeled diphosphonate 
(MDP) and 18F‐NaF are markers of bone 
turnover, used in the assessment of meta­
static bone imaging, principally for prostate 
cancer. Unbound 99mTc‐MDP tracer is 
taken up by bone, whereas 18F‐NaF is trans­
ported unbound to plasma proteins via the 
bloodstream.
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There are several newer tracers under 
investigation, which exploit other biochemi­
cal pathways. For example, 11C‐methinonine 
and anti‐FABC (1‐amino‐3‐18F‐fluorocy­
clobutane‐1‐carboxylic acid) are both amino 
acid analogues, which target the amino acid 
transport and protein synthesis pathways. 
Androgen‐receptor binding activity is 
characterized by agents such as 18F‐DHT 
(18F‐fluoro‐5α‐dihydrotestosterone). Finally, 
there is an increasing body of work applying 
radiolabeled monoclonal antibodies to the 
challenge of imaging urologic cancers. These 
antibodies target specific antigens on cancer 
cells, such as Capromab pendetide labelled 
with 111‐Indium to demonstrate prostate‐
specific membrane antigen (PSMA), which is 
overexpressed in prostate cancer.

Clinical Applications of 
PET–CT for Prostate Cancer

FDG

18F‐FDG‐PET is thought to have a limited 
role in the primary evaluation of localized 
prostate cancer [39]. This is firstly as a result 
of masking of pelvic pathology secondary to 
urinary excretion of the tracer with accumu­
lation in the bladder. Secondly, it has poor 
specificity for prostate cancer, with increased 
uptake also seen in benign prostatic hyper­
trophy and prostatitis. Finally, only some 
prostate cancers demonstrate FDG avidity. 
Sensitivity and specificity levels in the pri­
mary diagnostic setting for localized prostate 
cancer are reported at around 50% and 75%, 
respectively.

Tumor grade may correlate with FDG–
PET avidity (Figure 5.5). Improved accuracy 
was shown in tumors of higher grade 
(Gleason 7 or higher) in one study, with a 
sensitivity of 80% and a positive predictive 
value of 87% [40], compared to overall rates 
of 52% and 43%, respectively, across all tumor 
grades. Conversely, only a weak correlation 
was found between FDG–PET alone, and 
prostatectomy Gleason grade, in a recent 

study by another group [41]. Incidental 
detection of prostate cancer can also occur 
when FDG–PET is used to investigate other 
malignancies, even amongst men with nor­
mal PSA values [42]. FDG–PET does not, 
therefore, appear to be a reliable method in 
the primary evaluation of localized prostate 
cancer. FDG–PET also has a limited role 
in  the staging of prostate cancer, with 
higher  accuracy rates seen with alternative 
radiotracers.

Choline

Because of the described limitations of 18F‐
FDG for prostate cancer, 11C‐choline and 
18F‐FCH are now the more commonly used 
tracers. 11C‐choline gained approval as a 
radiotracer in PET imaging for suspected 
recurrent prostate cancer in 2012. Two 
recent meta‐analyses have been performed 
by the same study group on the accuracy of 
18F‐choline and 11C‐choline PET‐CT for 
both staging and restaging (for biochemical 
failure after local treatment) of prostate 
cancer. The meta‐analysis of choline PET for 
detection of lymph node involvement in 
newly diagnosed intermediate to high‐risk 
prostate cancer showed a pooled sensitivity 
of only 49.2% but with a higher pooled speci­
ficity of 95% (Figure 5.6) [43]. Low sensitivity 
rates were thought secondary to poor detec­
tion of small lymph node metastases (less 
than 0.4 cm). In the setting of recurrent 
disease, however, choline PET–CT demon­
strated overall sensitivity of 92.6%, for 
detecting any site of recurrent disease (within 
the prostatic bed and lymph node and bone 
involvement) [44]. Overall, the highest 
accuracy rates in the recurrent setting were 
demonstrated in detecting lymph node 
metastases.

A further recent systematic review of PET 
imaging with choline tracers for prostate 
cancer staging and restaging, there appeared 
to be “high diagnostic evidence” toward its 
use for restaging purposes, as supported by 
other recent evidence, but no clear indication 
for primary staging purposes [45]. However, 
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the authors concluded that there is currently 
insufficient evidence to make recommenda­
tions on routine clinical use of choline 
PET–CT for prostate cancer at this stage.

Acetate

An early study of 11C‐acetate demonstrated 
higher sensitivity than 18F‐FDG PET in the 
detection of primary prostate cancers and high 
lymph node and bone metastasis avidity, albeit 
in a small study group (n=18), with a high pro­
portion of advanced disease [46]. However, the 
study demonstrated no correlation between 

11C‐acetate accumulation and parameters of 
risk, including Gleason score, clinical stage, 
and serum PSA value. Similarly, when 11C‐
acetate PET–CT was compared to MRS for 
the primary detection of localized prostate 
cancer against TRUS‐guided biopsy, neither 
test showed a correlation with tumor aggres­
siveness [47].

As with choline tracers, 11C‐acetate PET 
has demonstrated higher accuracy in the 
recurrent setting for prostate cancer. A 
recent study showed good and comparable 
accuracy rates of 18F‐FCH and 11C‐acetate 
PET‐CT in detecting recurrent disease in 

(a)

(b)

Figure 5.5  (a) 18F FDG axial fused positron emission tomography–computed tomography (PET–CT) 
demonstrating intense increased tracer uptake within the prostate extending from 9‐o’clock to 12‐o’clock 
position in keeping with a metabolically active lesion (biopsy‐proven prostate cancer). (b) From left to right: 
Sagittal low dose CT, PET, 18F FDG PET–CT and maximum intensity projection (MIP) images demonstrating 
metabolically active focus in the thoracic vertebra in keeping with bone metastases.
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men who had undergone previous radical 
treatment (radical prostatectomy, radio­
therapy, or radical prostatectomy with 
salvage radiotherapy), but with a low PSA 
(</=5ng/ml) [48].

18F‐FACBC

Anti‐18F‐FACBC has also been evaluated 
in  the primary and recurrent settings for 

prostate cancer, having demonstrated excel­
lent in vitro uptake in prostate cancer cell 
lines and in prostate cancers implanted 
within nude rats [49]. A small clinical study 
was performed in a mixed cohort of men 
with newly diagnosed prostate carcinoma 
(n=9) or suspected recurrent disease (n=6) 
and both localized and metastatic disease, 
and it showed good visual analysis correlation 

(a)

(b)

(c)

Figure 5.6  (a) 18F choline positron emission tomography–computed tomography (PET–CT) axial images showing 
focal area of increased choline uptake in the prostate and metabolically active left inguinal nodal metastases. 
(b) 18F choline PET–CT axial reformats demonstrating focal uptake in the right lobe and diffuse uptake in the 
left lobe of the prostate gland. In addition there is a choline‐avid bone metastases (c) in the right iliac bone.
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of Anti‐18F‐FABC PET uptake with the pres­
ence or absence of focal disease [50]. 
Recurrent disease was correctly identified 
both within the prostatic bed and extrapros­
tatic tissue, albeit among a cohort of only 
four men with proven recurrence. The study 
did demonstrate a significantly higher tracer 
uptake in malignant versus benign lymph 
nodes, within both staging and restaging 
cases, with intense uptake persisting up to 
65 minutes.

18F‐FDHT

Dihydrotestosterone (DHT) is the primary 
ligand of the androgen receptor, which is 
usually overexpressed in prostate cancer. 
The  tracer 16β‐18F‐fluoro‐5α‐dihydrotes­
tosterone (18F‐FDHT) has been developed 
for selective androgen receptor binding. 
Early clinical studies demonstrated that the 
tracer was able to localize cancer lesions in 
progressive disease of clinically metastatic 
prostate cancer [51].

Radiolabeled Antibodies to PSMA

PSMA, also known as glutamate carboxy­
peptidase II (GCPII), is a transmembrane 
protein with high specificity and expression 
for prostate cancer cells, as well as the neo­
vasculature of new lesions. It could serve as 
an effective and specific prostate cancer tar­
get. Various antibodies are under early evalu­
ation for both diagnostic and therapeutic 
purposes [52].

A retrospective comparison of 68Ga‐
labelled‐PSMA and 18F‐fluoromethylcho­
line PET–CT showed superiority of the 
68Ga‐PSMA tracer in detecting biochemi­
cally recurrent prostate cancer [53]; how­
ever, PSMA antibody PET–CT performed 
less well in a recent prospective study in 
93 patients with recurrent prostate cancer 
[54]. All patients received PET–CT 
with  both tracers anti‐18F‐FACBC PET–
CT and (111)In‐capromab pendetide 
(ProstaScint®). The imaging outcomes 
were agreed by consensus, and histological 

verification of index lesions was achieved 
in 96.1%. Anti‐18F‐FACBC achieved an 
accuracy rate of 90.2% for disease within 
the prostate or prostatic bed, compared to 
67.2% with (111)In‐capromab pendetide. 
Consensus was only reached in 70 of 93 
patients with regard to the presence of 
extraprostatic disease with 72.9% and 
50.0% accuracy for anti‐3‐(18)F‐FACBC 
and (111)In‐capromab pendetide, respec­
tively. Anti‐3‐(18)F‐FACBC was better 
than (111)In‐capromab pendetide at iden­
tifying positive prostate bed recurrences 
and extraprostatic involvement.

A recent systematic review of current PET 
tracers for prostate cancer concluded that 
PSMA antibodies may prove valuable in 
the  detection of extraprostatic disease and 
metastases, but the data are too limited at 
present to draw final conclusions [55].

Renal Cancer

FDG

RCC overexpresses glucose transporter 
proteins (GLUTs). In addition, cytoplasmic 
accumulation of glycogen is a prominent 
feature of many RCCs [56]. Accordingly, 
FDG‐PET can be used for evaluation of 
RCCs. However, as already stated, a major 
limitation is that the tracer also accumulates 
in the renal parenchyma and undergoes uri­
nary excretion, with subsequent poor detec­
tion of primary renal lesions. Furthermore, 
large renal tumors often have a central focus 
of necrosis, with absent FDG uptake. There 
is varied uptake of FDG tracer by oncocyto­
mas, and therefore this imaging technique 
has not proven useful in preoperatively 
distinguishing these benign lesions from 
clear‐cell renal tumors [57].

In a prospective study of 29 patients under­
going FDG PET–CT imaging before surgical 
resection of suspicious renal lesions, 77% 
were correctly identified with RCC [58]. 
False‐positive results included the presence 
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of other renal lesions (e.g., angiomyolipoma 
and phaeochromocytoma). Other, more 
recent studies of FDG‐PET for detection of 
primary RCC have demonstrated suboptimal 
accuracy rates compared to conventional 
imaging, such as abdominal CT. In particu­
lar, sensitivity rates are reported at approxi­
mately 50–60%, compared to 90% for CT 
[59]. However, there may be a correlation 
between standardized uptake values (SUVs) 
and clear‐cell tumor size and Fuhrman grade 
[60]. Further, SUV has been reported as 
correlative with survival outcome in patients 
with suspected locally advanced or metastatic 
disease [61].

As with prostate cancer, FDG‐PET per­
forms a little better in the identification 
of  metastatic disease of renal cancers. 
Although a study comparing CT with FDG‐
PET in patients with suspected renal can­
cers showed poor sensitivity (47%) of 
FDG‐PET for identifying the primary renal 
masses, it did better with identifying metas­
tases [62]. Overall, the accuracy rates for 
identifying distant metastases on FDG‐PET 
and CT were 97% and 83%, respectively. 
However, only a small subset of the cohort 
studied (n=53) was identified as having dis­
tant metastases (32%).

Acetate

Despite the lack of urinary excretion offering 
a potential advantage as a tracer in renal 
imaging, inconsistent results have limited its 
use. Comparative uptake was observed in 
tumors compared to surrounding normal 
parenchyma in one study [63], other than 
oncocytomas, which had the highest uptake. 
However, another group has reported excel­
lent uptake by renal tumors compared to 
normal parenchyma, even in the presence of 
renal impairment [64].

Radiolabeled Antibodies

G250 is a monoclonal antibody that binds 
specifically to clear‐cell renal cancers cells. A 

Phase I study of iodine‐124 labeled antibody 
chimeric G250 (124I‐cG250) PET has dem­
onstrated differential tracer uptake between 
clear‐cell renal tumors and more indolent 
papillary tumors, with extremely promising 
early results (sensitivity 94%, specificity 100%, 
negative predictive value 90%, positive pre­
dictive value 100%). A Phase III multicenter 
study is currently underway evaluating 
Iodine‐124 labeled G250 in the identification 
of clear‐cell versus nonclear‐cell tumors 
in  preoperative patients (clinicaltrials.gov 
NCT00606632).

Clinical Applications of 
PET–CT for Bladder Cancer

FDG

PET–CT does not have an established role 
in the primary evaluation of bladder 
tumors. One systematic review identified 
only two studies evaluating the FDG‐PET 
in the detection of primary bladder lesions, 
preventing analysis of its diagnostic accu­
racy [65]. The paucity of data is likely the 
result of the, already discussed, inherent 
problems of urinary excretion of the tracer 
(Figure  5.7). To combat these limitations, 
several techniques have been employed, 
including voiding, catheterization with 
bladder irrigation, and increased diuresis 
with intravenous furosemide [66]. Although 
irrigation has can lead to a high false‐
positive rate for detection of recurrent or 
residual bladder tumors, forced diureses 
with furosemide has allowed good visuali­
zation of intravesical lesions, with improved 
sensitivity rates of FDG‐PET [67].

On systematic review of FDG‐PET for 
staging or restaging bladder cancer, a pooled 
sensitivity of 82% and pooled specificity of 
89% were reported [65]. The meta‐analysis 
was limited by the inclusion of only six 
studies. Lower sensitivity rates have been 
reported in individual studies in the diagnosis 
of metastatic disease [68].



Management of Urologic Cancer74

Choline

Avid choline uptake has been shown in blad­
der tumors before cystectomy, with very little 
tracer found in the urine [69]. In a study of 
25 patients with transurethrally resected 
tumors, 11C‐choline PET correctly identi­
fied residual disease in 96%, compared 
to 84% using contrast‐enhanced CT, using 

subsequent cystectomy specimen as the 
reference standard [70]. PET was reported as 
superior to CT for identifying lymph node 
involvement, albeit with limited sensitivity in 
both  cases (50% versus 62%, respectively). 
Additionally, there were no cases of false‐
positive lymph node involvement with PET 
versus a 22% rate with CT.

Novel Advances in PET 
Imaging: PET–MRI

Although PET–CT imaging has undergone 
significant advances within oncological 
imaging, it has several limitations. These 
include the requirement for separate sequen­
tial imaging of the PET and CT components, 
followed by coregistration. This can result in 
imprecision because of motion between 
scans, such as from respiration. Furthermore, 
CT is limited in its soft‐tissue contrast and 
uses a significant radiation dose.

PET–MRI is a new technique that avoids 
these limitations (Figure 5.8). PET and MRI 
data can be acquired simultaneously with 
certain gantry systems. However, others are 
also available that use sequential techniques. 
Additionally, different MR sequences (DW, 
DCE, and MRS) can be applied to provide 
further functional information, which is not 
possible with PET–CT. PET–MRI could 
prove particularly useful in the context of 
focal therapy, combining the functional 
sequences that have shown promise in the 
detection and localization of index lesions, 
combined with additional metabolic infor­
mation provided by PET, which may further 
inform on suitable lesions for targeted treat­
ment (Figures 5.9 and 5.10).

Although PET–MRI has only limited 
availability so far, research and clinical out­
comes of this new technique are keenly 
awaited. Furthermore, cost‐effectiveness 
analyses will be required as part of an over­
all assessment and comparison with PET–
CT imaging.

Figure 5.7  18F FDG positron emission 
tomography–computed tomography (PET–CT) 
maximum intensity projection (MIP) images 
demonstrating a metabolically active mass in the 
left hemi‐pelvis, which was invading the left bladder 
wall and prostate. There is dilatation of the 
pelvicalyceal system bilaterally and a metabolically 
active deposit in the right lung which was a 
metastatic lesion.
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Figure 5.8  The new‐generation positron emission tomography–magnetic resonance imaging (PET–MRI) 
scanners have intrinsic ability to acquire PET and MRI images at the same time (simultaneous PET MRI).

(a) (b)

(c)

Figure 5.9  Positron emission tomography–magnetic resonance (PET–MR) images. A localized prostate cancer 
lesion within the left peripheral zone on (a) T2‐weighted, (b) diffusion‐weighted, and (c) PET–MRI images.
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Summary

Metabolic imaging with PET–CT has 
improved our knowledge of the behavior of 
tumors and proven a valuable imaging tool 
for disease detection to plan appropriate 
management. Within urological malignan­
cies, it has offered most value in the detec­
tion of metastatic disease and recurrent 
disease. Limitations in diagnostic PET–CT 
imaging have mostly stemmed from the uri­
nary excretion of the majority of tracers. 

Exciting recent advances include the use of 
radiolabeled antibodies, which may prove 
highly specific to certain tumor cells and may 
lead to advances in targeted therapies in the 
future. Additionally, PET–MRI offers poten­
tial opportunities for obtaining functional 
information together with excellent soft‐tis­
sue resolution. These advances may prove 
particularly valuable for informing the loca­
tion, burden, and metabolic behavior of can­
cer lesions in the context of targeted, focal 
treatments.
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Kidney

The scope and goals of renal mass biopsy 
have evolved from solely characterizing can-
didates for nonsurgical intervention to the 
present paradigm of also identifying patients 
who may benefit from early and focal ther-
apy. Broadly, biopsy may be a consideration 
in four scenarios, the first three of which will 
be expanded on throughout this chapter.

●● Evaluation and follow‐up of a small renal 
mass, as defined herein.

●● Before focal ablative therapy or during 
follow‐up thereafter.

●● In the setting of known metastatic primary 
renal malignancy.

●● The traditional indications for renal biopsy: 
clinical suspicion for a hematalogic‐based 
malignancy (e.g., lymphoma), renal abscess, 
or metastases to the kidney, all of which are 
primarily managed nonsurgically.

Background

The explosion in the number of imaging 
studies performed in the past two decades 
has redefined the epidemiological statistics 
for renal malignancy. Small renal masses 
(SRMs), those less than 4 cm in diameter, 
now represent 48–66% of new renal cancers [1]. 

An increasing proportion of SRMs are found 
in the elderly, and 20–30% of these lesions 
may be benign [2–4]. Given the aging popu-
lation and taking into account medical 
comorbidities, including poor renal reserve 
and limited life expectancy, it is important to 
determine which patients will benefit from 
definitive surgical treatment (i.e., total or 
partial nephrectomy) compared with those 
patients who will benefit from alternative 
management strategies.

Unfortunately, conventional imaging tech-
niques perform poorly in definitively differ-
entiating benign from malignant renal masses 
[5,6]. Less than 20% of benign tumors are 
correctly identified on computed tomography 
(CT), and diagnostic accuracy decreases with 
decreasing mass diameter [7,8]. Additionally, 
monitoring for disease progression for 
patients with known renal malignancy on 
active surveillance may not be possible with 
imaging alone. Serial CT or ultrasound do 
not always correlate with the natural history 
of SRMs, and initial lesion size does not con-
sistently predict the rate of growth [9]. To 
stratify treatment strategies for patients by 
the potential aggressiveness of their disease, 
biopsy is increasingly seen as an integral 
component of active surveillance for renal 
cancer [10].
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The Evolution and Performance 
of Renal Biopsy

Historically, percutaneous renal biopsy was 
limited by low‐tissue yield, inaccuracy in 
diagnosis, minimal change in management, 
and poor concordance with histologic sub-
type and aggressiveness. However, since 2001 
the diagnostic accuracy of renal mass biopsy 
has been reported as high as 86–98% [11]. 
Overall, biopsy yield (for all modalities) 
ranges from 78% to 100% with increasing 
operator experience, with sensitivities and 
specificities of 86–100% and 100%, respec-
tively, in multiple large studies [12]. This per-
formance appears to be unique to the 
management of SRMs, and a greater risk 
for biopsy failure has been reported for each 
1‐cm increase in tumor diameter beyond a 
4‐cm threshold [13,14]. Furthermore, biopsy 
of the SRM alters clinical management in 
nearly 50% of patients [15].

Technical considerations include needle 
gauge, core‐versus‐aspiration biopsy tech-
nique, and image guidance. Core‐needle 
biopsy demonstrates advantages over fine‐
needle aspiration (FNA) in terms of sensitivity; 
specifically, prediction of nuclear grade by 
FNA is particularly compromised (28% vs. 
76%) [16,17]. Two passes with a core needle 
are sufficient to obtain a reliable sample in 
97% of cases [18], and use of a biopsy sheath 
standardizes the depth of penetration to 
obtain consistent samples that may be more 
important than number of cores [19]. 
Needles that 18 gauge or larger demonstrate 
the greatest accuracy in terms of correlation 
with final surgical pathology [20].

Potential complications of either FNA or 
core‐needle biopsy include bleeding, perirenal 
hematoma, pneumothorax, arteriovenous fis-
tula, or tract seeding. However, the incidence 
of these is quite low [21]. The incidence of 
tract seeding in particular has been quoted as 
0.01% and has been successfully managed 
with percutaneous ablation [22]. It may be 
prevented by the use of a coaxial guide or can-
nula, which also improves patients comfort 
and allows for better visualization on image 

guidance [23]. Recommended techniques for 
renal mass biopsy are summarized in Table 6.1.

Biopsy in the Settings of Diagnosis, 
Focal Therapy, or Metastatic Disease

Diagnostic Biopsy
The diagnostic yield is reportedly equivalent 
whether ultrasound or CT guidance is used 
[14]. Better spatial resolution and avoidance 
of necrotic areas is possible with CT‐guided 
biopsy, but it is more expensive, does not yet 
allow for in‐gantry needle visualization, and 
exposes the patient to ionizing radiation. On 
the other hand, ultrasound allows for real‐
time needle guidance and is portable and less 
costly, but it is highly operator‐dependent 
[21]. CT guidance is recommended over 
ultrasound in the face of high accuracy with 
comparatively low false‐negative rates.

Focal Therapy
Because the majority of new renal cancers 
are diagnosed in the elderly and frail popula-
tion, focal therapies such as cryoablation or 
radiofrequency ablation (RFA) are attractive 
treatment options to consider. Histologically 
proven treatment success is high for cryoab-
lation [24]. With regard to RFA, pretreat-
ment biopsy has a diagnostic yield of >94%; 
46% of post‐RFA positive biopsy demon-
strated no enhancement on CT or magnetic 
resonance imaging (MRI). This is supported 
in a small analysis of patients undergoing 
RFA for renal cell carcinoma (RCC); at 1‐year 
follow‐up biopsy, all histology demonstrated 

Table 6.1  Technique for Renal Mass Biopsy [23].

●● The patient should be in a prone, semiprone, or 
lateral decubitus position.

●● FNA should be done before core biopsy to reduce 
the number of clots in the specimen.

●● The cannula with stylet is inserted into the target.
●● Negative pressure is applied while passes are 

made with the needle.
●● If the initial return is blood only, repeat the 

procedure using a capillary technique.

FNA, fine‐needle aspiration.
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tumor eradication with only coagulative 
necrosis and inflammatory cells visible. 
These patients had stable imaging by 
contrast CT [25].

In light of all of this, all patients should be 
considered for core‐needle biopsy of the 
lesion before ablation to exclude benign pro-
cesses. Post ablation, all patients should 
undergo follow‐up with CT or MRI; three to 
four imaging studies in the first year. Any 
persistently nonshrinking, enhancing tumor 
should be rebiopsied. In cases where central 
contrast enhancement is present, biopsy 
should be performed at 6 months; for periph-
eral contrast enhancement, at 12 months 
[26]. It is important to note that these sugges-
tions have not been consistently or defini-
tively agreed on.

Metastatic Disease
The role of biopsy in metastatic renal carci-
noma remains to be elucidated. A study of 
patients undergoing cytoreductive nephrec-
tomy who received preoperative biopsy of 
both the primary mass and the metastatic 
sites demonstrates some limitations. Although 
biopsy and pathologic specimens were in 
accordance in 96% of clear‐cell RCC, they 
were in agreement in only 73% cases of non-
clear‐cell RCC. Furthermore, biopsy was 
exceedingly poor at identifying sarcomatoid 
de‐differentiation (a poor prognostic factor 
and a relative contraindication to cytoreduc-
tive nephrectomy in most series) [27,28]. 
Furthermore, Fuhrman grade was concord-
ant only for 38% of patients [29]. To overcome 
these limitations, the authors recommend 
biopsy from multiple sites within the primary 
tumor to obtain a better representation of 
the tumor being evaluated.

Current Challenges

Although the accuracy of renal mass biopsy 
has improved, its performance in assessing 
Fuhrman nuclear grade remains poor, 
regardless of the modality used. Because 
Fuhrman grade is an important prognostic 
indicator for clear‐cell RCC and should ideally 

be determined by biopsy, various refinements 
of technique and guidance have been reported, 
with accuracies ranging from 43% to 76% 
[23,30,31]. Nevertheless, when evaluating 
solely on the basis of low‐ versus high‐grade 
tumors, biopsy correctly identified grade in 
93% of cases [32].

Core‐needle biopsy may outperform FNA 
in terms of nuclear grading; however, it is less 
informative for cystic lesions, with higher 
rates of biopsy failure and false‐negative 
results [13,33,34]. As such, when evaluating 
cystic lesions, core biopsy may be more use-
ful in Bosniak IV cysts where solid compo-
nents are present or should be used in 
combination with FNA [35]. Using this strat-
egy, 39% of Bosniak III and 70% of Bosniak 
IIF/III patients avoided potentially unneces-
sary surgery after biopsy [36,37].

The delineation of histologic subtype apart 
from clear‐cell RCC has historically been 
poor with any biopsy modality; particularly, 
differentiation between oncocytic neo-
plasms: benign oncocytoma compared with 
chromophobe RCC [31]. However, with 
refinement in technique, the detection of 
chromophobe RCC has improved [18,32]. 
Previously, the incidence of hybrid malignant 
tumors coexisting with benign processes 
such as oncocytoma was thought to be as 
high as 20%, meaning that a biopsy result of 
oncocytoma may not have been adequate to 
rule out malignancy and that tumor hetero-
geneity may contribute to inaccurate biopsy 
results [38,39]. A more recent study demon-
strated that only 2.7% of patients with soli-
tary sporadic benign renal masses harbored 
malignant pathology—all low‐grade chro-
mophobe RCC in the setting of oncocytoma—
and that no patient had regional or metastatic 
progression at 44 months of follow‐up [40]. 
Therefore, biopsy may be more meaningful 
in this setting than previously thought. 
Nevertheless, benign biopsy findings in 
patients with multifocal tumors and known 
genetic syndromes, (i.e. Birt‐Hogg‐Dubé) 
should be scrutinized more carefully. In the 
setting of multiple synchronous renal tumors, 
it cannot be assumed that the histology of one is 
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representative of all, and therefore special 
consideration of this factor must be made, 
particularly if biopsy of multiple lesions is 
undertaken, potentially increasing the risk of 
complications [21].

Nondiagnostic biopsy (most commonly 
inflammatory or necrotic tissue) may repre-
sent approximately 5% of renal biopsy results 
[11]. Repeat biopsy is one approach to this 
problem and appears to perform similarly to 
initial biopsy and results in similar long‐term 
outcomes in terms of recurrence or metasta-
sis [23,41]. There is relatively little data avail-
able on whether tumor location plays a role 
in the accuracy of biopsy; however, longitu-
dinal (upper/mid/lower pole) location may 
predict a diagnostic biopsy [14]. Finally, 
although diagnostic performance is greatest 
for SRMs, biopsy failure for technical rea-
sons such as erroneous targeting, difficult 
visualization, or blood contamination is also 
more common in smaller tumors [42].

Laparoscopic Biopsy

In the setting of failed percutaneous renal 
biopsy, solitary kidney or risk of complications 
as a result of cysts or anomalous anatomy, or 
where obesity inhibits the utility of ultra-
sound‐ or CT‐guided biopsy, laparoscopic 
renal biopsy may be preferred. A two‐trocar 
technique is adequate to obtain tissue suitable 
for diagnosis in 96% of cases with a 13.5% 
complication rate, primarily hemorrhage [43].

Future Directions

Imaging modalities are improving and show 
promise in their applications. Real‐time fluor-
oscopic guidance of the biopsy needle may be 
ideal for lesions that are inaccessible by CT or 
ultrasound guidance [44]. Three‐dimensional 
volumetric data from a C‐arm can be fused 
with real‐time fluoroscopy for stereotactic 
biopsy with a mean radiation dose‐area prod-
uct value of 44.0 Gy cm2 and no major compli-
cations. However, the procedures necessitated 
a steep trajectory angle, which is challenging 
to achieve with fluoroscopy [45].

Advanced immunohistochemistry panels, 
molecular profiling, and genomic analysis 
are maturing and may help select patients for 
individualized targeted therapy; the samples 
from core biopsies are suitable for use in 
genomic analyses and for predicting clinical 
outcomes [46]. The addition of radiation 
therapy–polymerase chain reaction (RT–
PCR) in the analysis of biopsy specimens 
increased overall diagnostic accuracy from 
83% to 95% and the negative predictive value 
for clear‐cell RCC to nearly 100% [47]. In 
addition, the use of interphase fluorescence 
in situ hybridization (FISH) specifically led 
to greater diagnostic fidelity [48]. However, 
the prognostic role of these new tools has 
only begun to be evaluated. One recent 
study demonstrated a significant association 
between disease‐free survival as well as 
cancer‐specific survival in patients evaluated 
with an immunohistochemistry (IHC) panel 
of six cell‐cycle and proliferative markers 
[49]. The number of abnormal markers was 
found to correlate with disease aggressive-
ness, which may further support the routine 
use of renal biopsy for risk stratification.

Table 6.2 presents the recommendations of 
the American Urological Association (AUA) 
and the European Association of Urology 
(EAU) on the indications for renal mass 
biopsy.

Penile

Introduction

Accurate assessment of the grade and depth 
of invasion of penile squamous cell carci-
noma (SCC) is vital because it is recognized 
that a significant proportion of patients with 
intermediate‐ and high‐grade disease pro-
gress to nodal involvement. Biopsy should be 
considered for all penile lesions that appear 
suspicious and do not resolve with a course 
of antibiotics [50].

There are several strategies for this initial 
biopsy: incisional, tissue core, FNA, and brush 
or excisional biopsy. Superficial biopsies, 
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however, are grossly inadequate for determin-
ing depth of invasion and fail to identify the 
correct grade of tumor in approximately 30% 
of cases [51]. As such, incisional or excisional 
biopsies are acceptable, but in terms of deter-
mining treatment decisions and prognostic 
value, excisional biopsies are preferred.

Assessing Nodal Involvement 
at Time of Diagnosis

Assessment of inguinal and regional nodal 
involvement is a crucial issue to address after 
the diagnosis of penile or distal urethral SCC 
has been made. A careful physical examina-
tion should be performed to assess for palpa-
ble nodes because these may be biopsied via 
FNA [52]. Inguinal ultrasound can reveal 
abnormal nodes and is useful as a modality of 
image guidance for FNA [53].

However, 20% of patients with nonpalpable 
nodes but who have high‐risk tumor 
features—stage T2 or greater, lymphovascu-
lar invasion, or higher grade—have presence 
of clinically occult nodal metastases [54]. 
Patients suspected of having micrometa-
static disease who undergo prophylactic lym-
phadenectomy have greatly improved 5‐year 
survival as compared to controls (83% vs. 
36%, respectively), but this procedure carries 

with it potential morbidity. Addressing the 
diagnostic dilemma posed by this group of 
patients spurred the development of dynamic 
sentinel lymph node biopsy (DSNB.)

Initially, sentinel node dissection was 
performed for penile cancer using lym-
phoscintigraphy alone, but this suffered from 
a high false‐negative rate (20%) and recur-
rences [54]. The modification by Catalona 
reduced the rate of morbidity from 50% 
to  22%. In 1994, the Netherlands Cancer 
Institute used lymphoscintigraphy with 
intradermal peritumoral Tc‐99 nanocolloid 
the day before surgery, followed by dynamic 
imaging with a portable gamma camera and 
static imaging to locate sentinel nodes. With 
the addition of ultrasound with FNA in 2001, the 
false‐negative rate decreased to 4.8% and the 
morbidity to 5.7%.

Since the introduction of DSNB, the tech-
nique has been refined further. DSNB alone, 
before the use of ultrasound or FNA in con-
junction, yielded a sensitivity of 80% with a 
false‐negative rate of 22% [55]. Studies evalu-
ating patients undergoing DSNB before and 
after the modification of the technique found 
improved 5 year disease‐specific survival 
(91% vs. 82%) with the addition of ultrasound 
and FNA [56] and dramatic improvements in 
the false‐negative rate (4.8% from 19.2%) and 

Table 6.2  Recommendations on the Use of Percutaneous Renal Biopsy

Guideline AUA Recommendation EAU Recommendation

Evaluation of a cT1 
renal mass

Core biopsy with or without FNA especially if 
there is suspicion for lymphoma, abscess, or 
metastasis

Biopsy always required before 
ablative and systemic therapy.
Grade: A

Before ablation Core biopsy with or without FNA
Grade: C

In patients undergoing 
active surveillance

Consider biopsy
Grade: C

Recommend biopsy to stratify 
follow‐up
Grade: B

Treatment failure Biopsy after considering observation, repeat 
treatment, or surgical intervention

—

Biopsy technique — Obtain needle cores with a 
coaxial technique
Grade: B

AUA, American Urological Association; EAU, European Association or Urology.
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rate of complications nearly halved (5.7% 
from 10.2%) [57]. Poor prognostic factors 
included greater number of positive nodes, 
extranodal extension, and pelvic lymph node 
involvement.

The technique itself may only be feasible in 
high‐volume referral centers. Close collabo-
ration between urologists and uropatholo-
gists is necessary [58]. However, the learning 
curve itself is short. Table 6.3 presents a sum-
mary of key steps in DSNB.

Patients with biopsy‐proven positive nodes 
should undergo complete inguinal lymphad-
enectomy [52]. Only patients with high‐risk 
features (as previously defined) and no appar-
ent nodal disease should undergo DSNB [58]. 
For patients with intermediate‐risk penile 
SCC (G2T1), the risk of lymph node metasta-
sis was 9%. This is too low to justify prophy-
lactic lymphadenectomy but may perhaps 
provide an argument for advocating DSNB in 
this patient population [59]. Furthermore, 
patients with intermediate‐grade disease who 
have delayed DSNB (so called postresection 
DSNB) have recurrence and survival rates 

similar to those for DSNB performed at the 
time of primary resection [60].

Nodal Involvement after 
Primary Resection

After primary resection, 29.3% of patients with 
penile SCC had local, regional, or distant 
recurrences, with the majority (63%) being 
local. Of the recurrences, 92% occurred within 
5 years of treatment, with 5‐year survival being 
92% for local recurrence and 33% for regional 
recurrence [61]. In patients who received pri-
mary resection and DSNB, ultrasound‐guided 
FNA was used to diagnose recurrence in 80% 
of nonpalpable nodes, with a sensitivity and 
specificity of 87% and 99.9%, respectively [62].

The role of postresection DSNB is not 
well‐defined. In a small study of patients with 
recurrence after undergoing DSNB and pri-
mary resection, the sentinel node could be 
identified in 79% of groins and was involved 
in 33% of cases [63].

A decision flowchart summarizing recom-
mendations for DSNB is presented in Table 6.4.

Table 6.4  EAU Recommendations for the Role of Biopsy in Managing Penile Cancer.

Context Recommendation Grade

Initial evaluation Cytological and histological diagnosis plus physical examination of both groins C

After diagnosis:
Palpable nodes Ultrasound‐guided FNA; however, core‐needle, or open biopsy may be performed —
Nonpalpable nodes DSNB is indicated for >T1G2 tumors; otherwise, consider surveillance B
Negative nodal 
biopsy

Repeat biopsy is indicated B

DSNB, dynamic sentinel node biopsy; EAU, European Association of Urology; FNA, fine‐needle aspiration.

Table 6.3  Summary of Key Steps in Dynamic Sentinel Node Biopsy.

●● Day before surgery: peritumoral radiotracer injection (intradermal) followed by dynamic 
and static image acquisition using lymphoscintigraphy and SPECT–CT

●● Day of surgery: blue dye injection
●● Intraoperatively: inguinal exploration with a portable gamma probe plus blue dye 

visualization for precise anatomic localization
●● Care must be taken with handling of specimens before tissue processing.

SPECT–CT, single‐photon emission computed tomography–computed tomography.
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Prostate

Background

Prostate cancer is unique among urologic 
neoplasia in that until recently, it was not pos-
sible to accurately or reliably identify suspi-
cious intraprostatic lesions under image 
guidance. Consequently, the most widespread 
modality in use today is systematic regional 
needle biopsy of the gland. Widespread use of 
prostate‐specific antigen (PSA) as a screening 
tool for these essentially random biopsies has 
shifted the demographics of prostate cancer 
significantly. Of the estimated quarter‐million 
men in the United States who will be newly 
diagnosed with prostate cancer in 2014, the 
majority will present with localized disease 
and nearly half with low‐grade cancer [64]. 
The fact that most patients with localized dis-
ease may die of causes other than prostate 
cancer has spurred the adoption of active sur-
veillance (AS), in which repeat biopsy is a 
confirmatory strategy [65].

Broadly speaking, prostate biopsy is a con-
sideration in four classes of patients.

●● Men with elevated PSA level or suspicious 
digital rectal examination (DRE); however, 
to establish a diagnosis though the defini-
tions of “elevated PSA” remains controver-
sial. The National Comprehensive Cancer 
Network (NCCN) recommends biopsy at a 
threshold of PSA >2.6 ng/mL with a caveat 
against doing so if life expectancy is less 
than 10 years, whereas the AUA does not 
recommend a specific threshold [66,67].

●● Men whose PSA is rising or remains ele-
vated after an initial negative biopsy or 
who have suspicious findings on the initial 
biopsy. “Suspicious findings” include atypi-
cal small acinar proliferation (ASAP) and 
multifocal prostatic intraepithelial neopla-
sia (PIN) because their presence may por-
tend prostatic adenocarcinoma [68,69]. 
Isolated PIN does not necessitate repeat 
biopsy [70].

●● Men with clinically localized disease who 
are candidates for ablative therapy or AS to 
monitor for disease progression.

●● Rarely, in men who have received definitive 
therapy to monitor for disease persistence 
or recurrence.

Before any prostate biopsy strategy, one 
should take into account the patient’s age, 
medical comorbidities, functional status, and 
potential consequences of undergoing ther-
apy if needed. Screening algorithms using 
risk assessments may reduce unnecessary 
biopsies [71]. Verification of an initially high 
PSA level after several weeks under stand-
ardized conditions before biopsy is consid-
ered standard of care [72]. Although optimal 
dosing and schedules vary, administration of 
antibiotics (commonly quinolones) before 
biopsy is recommended [73]. Patient comfort 
should be a priority and ultrasound‐guided 
peri‐prostatic block has been shown to be 
superior to intrarectal anesthetic in terms of 
pain control [74].

The Refinement of Needle‐Guided 
Biopsy

Before the introduction of transrectal ultra-
sound (TRUS), biopsy of the prostate was 
accomplished via the operator performing 
DRE to locate suspicious nodules and then 
using a transrectal needle approach to 
approximately target the lesion. However, 
this technique suffered from poor accuracy 
and was highly operator‐dependent. TRUS‐
guided needle biopsy quickly became the 
most widely used approach in a baseline 
prostate biopsy. Substantial data is now avail-
able regarding its performance, but questions 
remain about the ideal number of cores, the 
detection of clinically insignificant cancer, 
value in staging disease extent, and concord-
ance with final surgical pathology when 
available.

Initially, a sextant template was used; in the 
parasagittal plane, biopsies are taken from the 
right and left sides of the prostate base, mid‐
gland, and apex. These sites are chosen arbi-
trarily by the operator [75]. However, multiple 
large studies have demonstrated an increase 
in cancer detection rate (CDR) with 4 to 6 
additional cores for a total of 10 to 12 cores. 
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This extended 12‐core approach is reported 
to increase the CDR by 12–33% as compared 
to the standard sextant biopsy [76,77]. 
Furthermore, laterally directed biopsies dem-
onstrate a 31% greater detection rate than 
the  standard sextant method [78]. However, 
rates of detecting cancer overall remain less 
than 40% for either the sextant or extended‐
template approach, with reported false‐
negative rates of 15–34% [79,80]. This poor 
negative predictive value implies that rebiopsy 
after an initial negative result would diagnose 
substantially more cancers, which has been 
borne out in prospective studies [81].

Correlation between biopsy Gleason grade 
with that of final surgical pathology is greater 
with either a 10‐ or 12‐core approach as 
compared to standard sextant biopsy [79,82]. 
Upgrading from biopsy to final pathology is 
also less likely with an extended biopsy tem-
plate, but rates of upgrading remain 14–25% 
overall [83,84]. The detection of clinically 
insignificant cancer does not appear to be 
significantly increased with the extended 
sextant 12‐core approach [85,86].

Determining the ideal locations of the 
additional cores beyond those in the stand-
ard template has been challenging. With 
regard to anterior lesions, which are com-
monly missed by biopsy, tumor frequency is 
greatest in the mid‐gland followed by the 
apex; apical biopsies have demonstrated sev-
eral advantages [87]. Biopsy directed toward 
the bilateral anterior horns and midline 
increased the CDR by 31% in one study; the 
majority of nonsextant positive cores origi-
nated from the anterior horns [88]. 
Furthermore, the positive predictive value 
for a positive apical biopsy core identifying 
tumor location on final pathology appears to 
be high [89].

Biopsy of the transitional zone (TZ) has 
proven elusive in terms of yield and perfor-
mance. Although 15–25% of all prostate can-
cer is located anteriorly within the TZ, there 
is discordance with the CDR of TZ biopsy 
[90,91]. With regard to concordance with the 
final pathology specimen, cancer detected by 
TZ‐directed cores either was not actually 

from the TZ or did not reflect a dominant 
lesion in 80% of cases [92]. As a consequence, 
upgrading because of TZ biopsy is quite rare 
[93]. Laterally directed biopsies of the base, 
mid‐gland, and apex result in up to a 17% 
increase in the overall CDR and outperform 
the mid‐lobar sextant approach [94,95]. 
Furthermore, laterally directed cores inde-
pendently predict total tumor volume and 
final Gleason score [96].

There are conflicting data on the ability 
of transrectal biopsy to predict extracapsu-
lar extension (ECE) or surgical margin 
status. Of several multivariate analyses 
evaluating predictors of ECE, the common 
variables include positive basal cores and 
tumor length or percentage of core involve-
ment. No such association was found for 
positive apical biopsy [97‐99]. Men with 
more than three positive biopsy cores had a 
greater risk for a positive surgical margin, 
but the predictive value for an individual 
core was low [100].

Obtaining more than 12 cores as an initial 
biopsy strategy may be suited to carefully 
selected populations. The overall CDR of an 
18‐core biopsy does not appear to differ sig-
nificantly from that of 12‐core biopsy, and 
the increase in diagnostic yield is compara-
tively low [101,102]. However, the CDR 
in men with PSA <10 ng/mL was 51.6% for 
18‐core compared with 42.6% for 12‐core 
biopsy. The 18‐core biopsy cases detected 
more cancer than 12‐core biopsy in men with 
prostate volume >65 mL [103,104]. In addi-
tion, the  rate of insignificant cancer detec-
tion increases with the number of additional 
cores taken, reported as 22–33% [105,106]. 
Nevertheless, the false‐negative rate between 
24‐core and 12‐core biopsy in a population of 
men with previously negative biopsy was 
equivalent [107].

In summary, per AUA recommendations, 
the use of a 12‐core systematic template 
incorporating apical and far‐lateral sampling 
may maximize CDR and negative predictive 
value as an initial biopsy strategy [75]. The 
EAU issues a grade B recommendation for at 
least 8 cores [72]. Both organizations do not 
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recommend biopsy of the TZ with more than 
12 cores as an initial strategy. However, these 
may be a consideration with persistently neg-
ative biopsy and continued clinical suspicion.

Issues with TRUS‐Guided Biopsy

Despite the refinements to technique and 
large volume of data acquired regarding its 
performance, TRUS‐guided biopsy has sev-
eral persistent flaws. First, the overall CDR 
with any number of randomly targeted cores 
remains less than 40%, and a significant pro-
portion of these tumors are not clinically 
significant [95]. This performance is espe-
cially problematic considering that repeat 
biopsy is used routinely in monitoring men 
on AS. Second, up to one‐third of men on 
AS are undergraded on their initial biopsy 
as compared to final surgical pathology 
[108]. Third, there is a large degree of vari-
ability in the volume of cancer detected by 
serial biopsy [109].

Additionally, anterior cancers are still 
missed by extended‐template biopsy [110]. 
African American men more often have 
anterior lesions that are more often upgraded 
on surgical pathology versus biopsy, as com-
pared with Caucasian men [111]. This was 
found in a cohort of men on AS and argues 
for improved sampling of the anterior gland 
as well as better risk stratification for African 
American men.

Finally, 3.5% of men undergoing TRUS‐
guided biopsy had infectious complications, 
of whom the majority required hospitaliza-
tion; the odds of infection increases by 1.3 for 
each successive biopsy session [112]. 
Fluoroquinolone resistant and extended‐
spectrum beta‐lactamase–producing organ-
isms are increasingly common. The overall 
rates of hospitalization post biopsy are 
reported at 4% [113].

However, multiple studies have demon-
strated no increased risk of lower urinary 
tract symptoms [114], worsening of sexual 
function [115,116], or predilection for bio-
chemical recurrence [117] with multiple 
TRUS‐directed biopsies.

Transperineal Biopsy

Transperineal prostate biopsy is one strategy 
that may be useful in men with previously 
negative biopsies and in monitoring candi-
dates for AS. Specifically in a population of 
men with a negative TRUS‐guided biopsy 
and rising PSA, template‐guided transper-
ineal biopsy detected 46.6% of cancers of 
which 86.7% were clinically significant by the 
Epstein criteria [118]. The most common 
location was in the anterior apex. 
Furthermore, good access to the anterior 
gland has been afforded by the transperineal 
approach [119].

Although biopsy progression on AS is 
often missed by standard TRUS‐guided 
biopsy, template‐guided transperineal biopsy 
reclassified 41–85% of men as having clini-
cally significant disease on repeat biopsy as 
compared to 8–22% for TRUS‐guided biopsy 
[120]. Whole‐mount pathological simula-
tions of 12‐core, 14‐core, and transperineal 
mapping biopsies demonstrate significantly 
poorer performance in detecting clinically 
significant disease with the transrectal 
approach [121]. A targeted biopsy approach 
using image guidance for templating may 
increase performance further. Fewer cores 
are needed overall (4 vs. 12) to diagnose 
nearly 50% more high‐risk cancers with 
image‐guided transperineal biopsy [122]. 
Overall, up to an additional 38% of cancer 
may be detected using a transperineal 
approach with a possible avoidance of the 
infectious complications of transrectal 
biopsy [123]. The major drawback of trans-
perineal biopsy is a comparatively high rate 
of postprocedure urinary retention (10%).

MRI‐Guided Biopsy

MRI‐guided biopsy is a promising tool in the 
initial diagnosis and in the follow‐up of men 
with prostate cancer. Improved resolution, 
the addition of an endorectal coil, and the 
refinement of multiple modalities including 
MR spectroscopy (MRS) dynamic contrast 
enhancement (DCE), and diffusion‐weighted 
imaging (DWI) has resulted in the ability of 
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multiparametric MRI (mpMRI) to not only 
detect lesions and stage disease but also 
potentially determine biologic aggressive-
ness of tumors with high sensitivity and 
specificity [124,125]. Furthermore, mpMRI 
can detect tumors in more occult locations, 
commonly missed by traditional random 
biopsy, including central and anterior gland 
lesions [126]. Three strategies exist for 
targeting lesions based on imaging 
information.

First, transrectal or transperineal biopsy 
performed directly in the MR bore can be 
used to target visualized lesions [127]. There 
are limited data on this method, which is 
laborious because it necessitates serial MRI 
scans to confirm needle placement, requires 
sedation and specialized equipment, limits 
the working space, and is costly. However, 
small studies of in‐bore mpMRI biopsy have 
demonstrated improved CDR as compared 
to TRUS‐guided biopsy [128].

The second strategy is one of “cognitive 
biopsy” and is based on the operator’s review 
of MRI scans before a standard TRUS‐guided 
biopsy in which suspicious areas are 
attempted to be targeted. This approach does 
appear to increase the CDR and concordance 
with final pathology as compared to ultra-
sound‐only biopsy [129]. However, there is a 
lack of reproducibility and inherent subjec-
tivity in the scheme, which largely hinges on 
operator experience.

A third approach is one of MRI‐ultrasound 
targeted biopsy, which uses software to fuse a 
previously acquired mpMRI volumetric data 
set with ultrasound images acquired in 
real time. A comparatively greater amount of 
experimental data available for fusion 
biopsy as compared to either in‐bore or cog-
nitive biopsy. This modality can be per-
formed in an outpatient setting with only 
local anesthetic. Presently several competing 
fusion biopsy platforms are on the market 
and have been reviewed comprehensively by 
Logan et al. [124].

MRI‐ultrasound fusion biopsy has demon-
strated several advantages over TRUS‐guided 
random biopsy: the overall CDR is greater 

and more cancer per core is detected via 
fusion‐guided as compared to 12‐core biopsy 
[130–132]. Of men with an initial negative 
12‐core TRUS‐guided biopsy, 34–37% were 
found to have cancer on fusion biopsy and 
72% had high‐grade disease. Twelve‐core 
biopsy missed 54% of clinically significant 
cancers [133,134]. This was true regardless of 
the fusion platform used. Furthermore, in 
patients with a negative initial fusion biopsy 
who underwent rebiopsy, the follow‐up CDR 
was lower than the initial rate, and 93% of 
cancers were low grade (≤3+4) [135].

Detection rates appear to be consistently 
greater for fusion‐guided biopsy across pros-
tate volume (71.1% for glands <40 mL) [136]. 
More clinically significant cancers (≥ Gleason 
4+3) are detected by targeted versus TRUS‐
guided biopsy with fewer cores needed to 
establish a diagnosis; the majority of cancers 
missed by fusion biopsy appear to be clini-
cally insignificant [137]. The software plat-
form enables documentation of targets and 
needle tracks, avoiding undersampling and 
representing an attractive option for serial 
follow‐up with rebiopsy of old lesions [138]. 
Lastly, any strategy of true focal therapy of 
the prostate (i.e., targeting localized lesions) 
must necessarily use image‐guided biopsy in 
selecting patients [139].

Nevertheless, there are significant barriers 
to implementing MRI‐guided biopsy in rou-
tine clinical practice. A primary hurdle is that 
the majority of the data evaluating fusion 
biopsy has been retrospective in nature. 
However, a prospective trial evaluating a 
hybrid transrectal‐transperineal fusion sys-
tem demonstrated a CDR of 82.6%, of which 
targeted cores detected significantly more 
cancer than systematic biopsy (30% vs. 8.2%), 
with a low false‐negative rate of 3.2% [140].

In addition, the performance of fusion 
biopsy relative to that of transperineal tem-
plate biopsy is not well studied. One meta‐
regression analysis pooled 46 studies, 
representing 4,657 patients in comparing 
transrectal, transperineal, and MRI‐guided 
biopsy. MRI‐guided biopsy was found to be 
superior to transrectal biopsy in terms of 
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CDR, but the differences with transperineal 
biopsy were unclear. A major limitation of 
this study was that cognitive and software‐
fusion biopsies were pooled [141].

Furthermore, a small proportion of clini-
cally significant lesions are detected by 
TRUS‐guided biopsy but not MRI/ultra-
sound fusion biopsy. This may represent sev-
eral possibilities: software errors in needle 
registration or tracking, the inability of 
mpMRI to detect cancer foci below a set 
threshold, or nonimageable tumors [124]. As 
a consequence, 12‐core extended biopsy is 
currently still recommended to be performed 
as standard of care alongside fusion biopsy, 
though data are emerging in investigating the 
role of targeted biopsies in isolation.

There is presently no consensus on grading 
of suspicious lesions on mpMRI, with several 
competing score systems in use. However, 
the PI‐RADS metric is currently being 
refined and demonstrates promise in stand-
ardizing prostate MRI interpretation and 
reporting [142].

With regard to active surveillance proto-
cols, the various current thresholds of eligi-
bility are based on percentage of core 
involvement and number of cores that are 
not applicable to targeted biopsies; new 
standards will need to be developed and vali-
dated. There are as yet no prospective studies 
detailing the performance of MRI guidance 
in repeat or follow‐up biopsy. However, a 
study of progression from very low‐risk dis-
ease with median follow‐up of 18 months 
demonstrated a negative predictive value of 
84%, with sensitivity and specificity of 70% 
and 72%, respectively, of mpMRI findings 
for Gleason score progression. Furthermore, 
the natural history of small index lesions 
(≤5 mm) on mpMRI may represent benign 
findings in 87.5% of cases or low‐grade can-
cer in the remainder [143].

Lastly, the start‐up costs are relatively 
steep. However, one model demonstrated 
that with a sensitivity of MRI of ≥20%, cost 
effectiveness of fusion biopsy could be 
achieved over 10 years with an improvement 
in quality‐adjusted life years as compared to 

a strategy of serial systematic TRUS‐guided 
biopsy [144]. Additional efforts are under-
way to investigate the diagnostic value of a 
more time‐efficient, screening prostate MRI 
with limited parameters, which would fur-
ther minimize cost [145,146].

Alternative Prostate Biopsy 
Modalities

Several alternative biopsy strategies have 
been proposed but suffer from poor specific-
ity or accuracy:

●● Real‐time transrectal elastography, using 
the principle that cancerous lesions will 
manifest in more dense tissue, has been 
evaluated prospectively in one trial. CDR 
were significantly greater with elastogra-
phy as opposed to 12‐core biopsy; how-
ever, overall sensitivity and specificity were 
60.8% and 68.4%, respectively, as compared 
to 15% and 92.3%, respectively, for TRUS‐
guided biopsy.

●● Contrast‐enhanced TRUS‐guided biopsy, 
using sulfur hexafluoride microbubbles as 
a contrast agent, has demonstrated varia-
ble results but does not outperform stand-
ard TRUS‐guided biopsy [147,148].

●● Transurethral resection of the prostate 
(TURP) is a poor modality for detecting 
prostate adenocarcinoma but may be used 
in men with obstructive symptoms [149].

Table  6.5 summarizes the details of the 
prostate biopsy modalities discussed.

Table 6.5  Take‐Home Message: Prostate Biopsy.

●● In the initial evaluation for suspected prostate 
cancer, obtain 12 cores using a transrectal 
ultrasound‐guided extended sextant‐template.

●● Rebiopsy, saturation biopsy, or transperineal 
approach are options for persistently negative 
biopsy.

●● Multiparametric prostate MRI and lesion‐
targeted biopsies may be more representative of 
whole‐gland pathology than 12‐core TRUS 
biopsy.

MRI, magnetic resonance imaging; TRUS, transrectal 
ultrasound.
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Seminal Vesicle Biopsy

The role of seminal vesicle biopsy in the set-
ting of prostate cancer is poorly defined. At 
PSA >15–20 ng/mL, the odds of seminal ves-
icle involvement are 20–25% [150]. However, 
it is not recommended to biopsy the seminal 
vesicles unless doing so will impact treat-
ment (i.e., in the choice of radiotherapy 
compared with surgical management) [72]. 
An intriguing small study of MRI‐ultrasound 
guided seminal vesicle biopsy triggered 
by suspicious MRI findings demonstrated 
seminal vesicle invasion in 65% of cases; 
further studies are necessary to determine if 
this modality may be useful in preoperative 
staging.

Testis

Background

The role of testicular biopsy remains contro-
versial. For a suspected testicular mass, sur-
gical exploration is recommended, with 
biopsy (enucleation) only if the diagnosis is 
unclear [151]. However, patients with known 
testicular cancer may harbor synchronous or 
metachronous disease in the contralateral 
testicle.

Assessment of the Contralateral 
Testicle

Testicular intraepithelial neoplasia (TIN) is 
the precursor lesion for all testicular germ 
cell tumors except for spermatocytic semi-
noma [152]. Approximately 70% of all TIN 
progresses to invasive cancer [153]. The 
prevalence of TIN in the contralateral testicle 
in men who are diagnosed with testicular 
cancer was previously estimated as high as 
5%, with testicular atrophy and age 30 and 
younger being risk factors for progression 
[154,155]. However, a population study of 
nearly 30,000 cases of testicular cancer in the 
United States found that the 15‐year cumula-
tive risk for either synchronous or metachro-
nous contralateral disease was 1.9%, and the 

10‐year overall survival after metachronous 
diagnosis was 93% and for synchronous 
disease, 85% [156].

Biopsy of the contralateral testicle may be 
beneficial in evaluating patients with confirmed 
cancer. In German studies, the sensitivity 
and overall accuracy of contralateral testicu-
lar random biopsy assessing for the presence 
of TIN were 91% and 99.5% respectively, with 
a false‐negative rate of 0.5% [157]. Men with 
testicular volume <12 mL, a history of cryp-
torchidism, or age 30 years or younger were 
at elevated risk for contralateral TIN. The 
greatest risk factor was testicular atrophy 
(4.3‐fold increase in risk) [158]. Furthermore, 
there is an increase in diagnostic yield of tak-
ing two random biopsies compared with one 
[159]. The risk of complications is low (2.8%), 
the majority of which (96%) were minor, 
including focal hematoma and edema, and 
which resolved within 1 week [160].

However, several concerns remain regard-
ing testicular biopsy. More than 10% of the 
testicular volume should be tubules with TIN 
for a random biopsy to be positive [158]. 
Despite a false‐negative rate of 0.5%, patients 
with testicular cancer who have a negative 
biopsy still require meticulous follow‐up. 
Furthermore, Although TIN can be treated 
by irradiation, this results in irreversible 
infertility as well as impairment of the endo-
crine function of Leydig cells in 25% of men 
necessitating testosterone replacement [158]. 
The overall cure rate for secondary germ cell 
tumors is high, and it is questionable if biopsy 
improves disease‐specific survival; in fact, 
patients undergoing platinum‐based chemo-
therapy had significantly reduced risk of 
metachronous testicular cancer, especially in 
those undergoing more than four cycles 
[154,161].

Consequently, biopsy of the contralateral 
testicle is ideally to be restricted to two 
groups of patients:

●● Men with testicular volume <12 mL, his-
tory of cryptorchidism, or poor spermato-
genesis (Johnson score 1–3). Ultrasound 
findings of testicular microlithiasis may be 
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a further indicator of TIN specifically in 
this population but not others [162,163].

●● Men with extragonadal germ cell tumors, 
especially those with retroperitoneal 
tumors. Up to one‐third of these patients 
may present with metachronous testicular 
cancer [164].

Nevertheless, the quandary of offering 
treatment remains the same in these groups.

Dieckmann et  al. reviewed the technique 
for biopsy comprehensively; however, it has 
not been widely adopted [165]. Unfortunately, 
minimally invasive alternatives to this tech-
nique such as FNA with immunostaining 
have performed poorly in terms of sensitivity 
and accuracy [166].

The EAU recommends biopsy to be offered 
to the high‐risk group defined previously, with 
double biopsy preferred; biopsy is not neces-
sary in patients older than 40 years of age [151].

Urothelium

Bladder

Introduction
The mainstay of diagnosis, as well as treat-
ment, of the majority of bladder malignan-
cies revolves around urethrocystoscopy and 
transurethral biopsy and resection. Several 
recent innovations have augmented this 
modality or demonstrated promise in 
increasing its accuracy, yield, or safety.

This section deals primarily with biopsy 
strategies for urothelial carcinoma and its 
precursor lesions. Bladder small cell carci-
noma, sarcomas, and other malignancies are 
addressed separately.

The population of patients in whom biopsy 
is a consideration can be divided broadly into 
two subgroups:

●● Patients suspected of harboring disease on 
the basis of clinical history of microscopic 
or gross hematuria, environmental risk 
factors, abnormal urine cytology or uri-
nary molecular marker tests, or on the 
basis of concerning imaging findings, and

●● Patients being monitored for disease 
recurrence after focal or definitive 
therapy.

Goals of Biopsy
Urothelial carcinoma spans noninvasive 
papillary carcinoma (Ta), carcinoma‐in‐situ 
(Tis), and stage T1 tumors, characterized as 
nonmuscle‐invasive, as well as muscle‐invasive 
bladder carcinoma (≥T2 tumors). Because 
treatment modalities vary significantly 
depending on the histologic diagnosis, 
knowledge of the extent of disease is critical. 
Recently, practice has shifted toward individ-
ualized risk assessments that must be tailored 
on the basis of accurate staging data.

It is recommended that patients with 
suspected bladder tumor undergo initial 
cystoscopy with transurethral resection as 
necessary [167]. Inspection of the entire 
urothelial lining of the bladder is essential. 
When abnormal areas of urothelium (velvet‐
like, erythematous) are seen, it is advised to 
take cold‐cup biopsies or biopsies with a 
resection loop. All findings should be doc-
umented on a bladder map for future locali-
zation of tissue sampling.

Tumors visualized on cystoscopy should be 
resected en‐bloc if 1 cm or smaller in diam-
eter. Larger tumors should be removed in a 
piecemeal fashion, including the exophytic 
portion of the tumor, underlying bladder wall 
with muscle, and the edges of resection. The 
yield of biopsy of normal mucosa (“random 
mapping”) is 2% or less in patients with 
solitary Ta or T1 tumors and is therefore 
discouraged [168].

If the tumor is located in the trigone or 
bladder neck, or if there are multiple tumors, 
the risk of ductal involvement appears to be 
elevated [169]. The incidence of carcinoma‐
in‐situ in the prostatic urethra in these 
patients has been reported to be 11.7% [170]. 
Where abnormalities of the prostatic urethra 
can be seen, or there is suspicion for bladder 
CIS, or urine cytology is positive without evi-
dence of a bladder tumor, prostatic urethral 
biopsies should be taken. Biopsies should be 
taken from abnormal‐appearing areas and 



Management of Urologic Cancer96

from the precollicular area (5‐ to 7‐o’clock) 
using a resection loop. Where stromal inva-
sion is not suspected, a cold‐cup biopsy can 
be performed with forceps instead [171].

For patients with positive cytology and in 
whom no bladder tumor can be seen, ran-
dom mapping biopsy is recommended in 
addition to an upper‐tract workup (see 
Upper‐Tract Urothelial Carcinoma section). 
Biopsies should be taken from the trigone, 
bladder dome, and walls. In addition, the 
prostatic urethra should be biopsied as 
described previously.

Critically Examining TUR
The rate of recurrence for initial transrectal 
resection (TUR) is alarmingly high (50–70% 
in some series) [172]. This has been attributed 
to incomplete TUR, tumor cell implantation, 
or aggressive tumor biology. Understaging of 
the tumor is also quite common. Disease pro-
gression also occurs at a high rate in patients 
with initially nonmuscle‐invasive bladder can-
cer, with high‐grade lesions, multiple tumors, 
lesion size greater than 3.0 cm, concomitant 
CIS, and presence of tumor at the first cystos-
copy after TUR, constituting accepted risk 
factors for progression [173].

Residual tumor was found in the location 
of the initial resection on repeat transure-
thral resection of bladder (TURB) and high 
rates of upstaging are reported [174,175]. 
Furthermore, repeat TUR can identify 
patients at risk of progression [176]. Clinical 
management was changed in a third of 
patients who underwent repeat TURB 
because of upstaging [177]. Therefore, a sec-
ond‐look TUR should be considered stand-
ard of care for patients with high‐grade T1 
disease because of its prognostic and thera-
peutic benefit. The role of repeat TUR in 
patients with high‐grade Ta disease remains 
a topic of scholarly debate. Patients with low‐ 
and intermediate‐risk bladder cancer can be 
considered for repeat TUR based on an indi-
vidual assessment of risk [174].

Improving on or replacing the TUR tech-
nique has been suggested. TUR violates the 
oncologic principle of tissue integrity for 

large tumors. Several modifications (e.g., en‐bloc 
resection using a knife electrode, resecto-
scope cutting loop modifications, and use of 
bipolar cautery) have been proposed [172]. 
The use of a modified polypectomy snare 
may allow for improved biopsy of the tumor 
base and preserved tumor integrity; however, 
it was practical only for pedunculated tumors 
and those small enough to be removed 
transurethrally [178]. Although in principle 
these new modalities should reduce recur-
rence (if caused by tumor implantation), no 
data exists to validate their use.

Mapping Biopsy
Systematic mapping of normal‐appearing 
bladder mucosa is performed after initial 
TURB because CIS is especially important to 
detect; its presence in biopsies can herald 
upstaging as compared to patients with nor-
mal mucosa in biopsies [179]. The incidence of 
positive random biopsies is significantly 
greater in patients with high‐grade disease. In 
a large series of patients with nonmuscle‐inva-
sive bladder cancer, 12.4% of 1033 patients 
were found to have abnormal random biop-
sies, which altered therapy in 7% of cases [180].

Mapping biopsy may be performed with 
cold‐cup forceps or a resection loop. Abnormal‐
appearing mucosa should be biopsied as well; 
however, there are few data on the rates of 
positive biopsy in patients undergoing initial 
TUR. The sensitivity of random mapping 
bladder biopsy for the detection of CIS was 
reported as 51% in one study; therefore, 
negative results should be interpreted with 
caution [181].

Vesical diverticula may warrant investiga-
tion through mapping biopsy because their 
presence may portend a greater risk of devel-
oping urothelial carcinoma; patients with 
positive diverticular biopsy had a signifi-
cantly higher percentage of high‐grade and 
invasive disease [182].

Novel Diagnostic and Biopsy Aids 
in Urothelial Carcinoma
Photodynamic diagnosis (PDD) has demon-
strated promise in terms of improved diagnostic 
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accuracy and yield as compared to traditional 
white‐light cystoscopy (WLC). The data are 
most convincing for hexylaminolevulinate 
(HAL)‐PDD (as opposed to the older 5‐ami-
nolevulinic acid) as a photosensitive marker. 
With regard to biopsy of abnormal‐appearing 
mucosa in patients with known bladder 
tumor, HAL‐PDD detects CIS more frequently 
than WLC [183]. Furthermore, the improved 
detection of bladder tumors may lead to a 
reduction in recurrence at 9–12 months 
independently of the level of risk and across 
patients with Ta, T1, CIS, and primary or 
recurrent cancer as compared to WLC [184]. 
Figure 6.1 illustrates these recommendations.

The rates and types of adverse events are 
similar between PDD and WLC. However, 
the technique is costly and requires special-
ized equipment, has a higher false‐positive 
rate, and long‐term outcomes are lacking. In 
addition, there are no data regarding detec-
tion of high‐risk cancer or correlation of 
disease progression with PDD [185].

Narrow‐band imaging (NBI) is another 
optical modality that has shown a benefit in 
the identification of bladder mucosal lesions. 
NBI also improves the detection rates for 
CIS, Ta, and overall nonmuscle‐invasive 
bladder cancer as compared to WLC [186]. 
The rate of repeat TUR overall and primary 
site residual tumor rates as well as the 1‐year 
recurrence rates were significantly decreased 
with the use of NBI [187]. As with PDD, the 
false‐positive rate for NBI is greater than that 
for WLC mostly as a result of inflammation. 
There are limited data on recurrence follow-
ing NBI‐assisted TUR or biopsy (Table 6.6).

Confocal laser endomicroscopy (CLE) is 
an intriguing technique in its infancy. Clear 
visual differences between normal mucosa, 
low‐grade disease, and high‐grade disease 
could be visualized in a small study of patients 
with biopsy‐confirmed bladder cancer. This 
could portend “optical biopsy,” which could 
augment tissue sampling techniques [190]. 
Follow‐up studies have demonstrated the 
possibility of cataloguing tumor growth pat-
terns to assess malignant potential [191]. 
Furthermore, the learning curve of CLE 
appears to be low, and interobserver agree-
ment (between urologists and pathologists) 
appears to be greater than that of traditional 
WLC [192]. However, apart from cost and 
training, the performance of this test remain 
to be determined.

Follow‐Up Biopsy
The role of biopsy in patients who have 
received definitive therapy (i.e., TURB) is to 
assess for disease recurrence and progres-
sion. After TUR in both nonmuscle‐ and 
muscle‐invasive disease, second‐look cystos-
copy is necessary at least at 3 months and 
scheduled per individual risk thereafter. 

(a)

(b)

Figure 6.1  Bladder biopsy in the patient with 
hematuria. Biopsies may be obtained using cold‐cup 
forceps versus a resection loop. All biopsy findings 
should be documented on a bladder map. 
“Abnormal urothelium” includes velvet‐like areas or 
erythema versus sessile/flat tumor. PDD, photo‐
dynamic diagnosis.
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Table 6.7  Recommendations for Follow‐Up Biopsy in Nonmuscle‐ and Muscle‐Invasive Bladder Cancer.

Context Recommendation Grade

Nonmuscle invasive Regular cystoscopy; stratify risk A
Low risk Cystoscopy at 3 months, then 9 months, then yearly for 5 years C
High risk Cystoscopy plus cytology at 3 months, repeated every 3 

months for 2 years, then every 6 months for 5 years, then yearly.
C

Suspicious findings on cystoscopy Biopsy B
Positive cytology without visible 
tumor

Random biopsies vs. biopsies with PDD and biopsy of the 
prostatic urethra with upper‐tract workup

B

Muscle‐invasive Full assessment of upper urinary tracts
Imaging Excretory‐phase CT urography is preferred to MR urography C
Biopsy Ureteroscopic‐guided biopsy where upper‐tract involvement is 

suspected
C

CT, computed tomography; MR, magnetic resonance; PDD, photodynamic diagnosis.

Patients with muscle‐invasive, node‐positive 
disease should be observed most stringently. 
Bladder biopsies should be performed when 
cystoscopy shows suspicious findings or 
cytology is positive [193]. If only cytology is 
positive, random mapping should be per-
formed. Biopsy may be omitted in patients 
with normal cystoscopy and normal urine 
cytology even if erythematous findings are 
present [194]. These guidelines are summa-
rized in Table 6.7.

Follow‐up biopsy after initial bacillus 
Calmette‐Guérin (BCG) treatment is more 
complex. In one study of random‐mapping 
biopsy performed after initial BCG treat-
ment, 32% of patients had positive biopsy, 
with a combination of negative cytology and 

normal cystoscopy associated with negative 
biopsy in 94% of cases [195]. Predictors time 
to recurrence, progression, and disease‐
related mortality in patients with grade 3 T1 
disease treated with TUR and an induction 
course of BCG were female and CIS in the 
prostatic urethra [170]. Therefore, routine 
TUR biopsies may not be necessary in 
patients receiving BCG treatment. However, 
it is important to perform biopsy of the pros-
tatic urethra in patients with high‐grade dis-
ease because of the prognostic implications.

Bladder Cancer Variants
Data are scant to support the performance of 
cystoscopic biopsy in the detection of small‐cell 
bladder cancer or squamous differentiation. 

Table 6.6  Diagnostic Aids in Diagnosing Urothelial Carcinoma.

Technique Advantages Disadvantages Recommendation

Photodynamic 
diagnosis using ALA 
or HAL

More sensitive for 
detection of malignant 
tumors, particularly for 
CIS [188]

Recurrence rate for ALA‐
guided TURB has not been 
shown to be lower than that 
of white light [189]; poor 
specificity

Use in patients suspected 
of harboring high‐grade 
disease (positive cytology 
or history)

Narrow‐band imaging Improved cancer 
detection [186]

No large studies —

ALA, delta‐aminolevulinic acid; CIS, carcinoma in situ; HAL, hexylaminolevulinate; TURB, transurethral resection 
of bladder.
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A comparison of biopsy findings to final 
pathology specimens after cystectomy found 
poor sensitivity overall for predicting bladder 
cancer variants via bladder biopsy (20–54%) 
[196]. However, for small‐cell bladder can-
cer specifically, the combined sensitivity of 
TURB and biopsy was 81%. These findings 
may be as a result of poor sampling as well as 
tumor heterogeneity.

Upper‐Tract Urothelial Carcinoma

As described in the previous section, cases in 
which to assess for upper‐tract carcinoma 
include:

●● Patients with hematuria or positive urinary 
cytology and no bladder tumor visualized 
or sampled on cystoscopy (in addition to 
random mapping biopsy as previously 
described); and

●● Muscle‐invasive bladder carcinoma.

Diagnostic Strategies
Initial evaluation includes CT urography, 
MR urography, or ureteroscopy. CT urogra-
phy with an excretory phase is used for diag-
nosis in preference to MR [197]. Biopsies 
obtained via flexible ureteroscopy have dem-
onstrated value in staging and prognosis.

The advantages of ureteroscopic biopsy 
include accurate quantification of disease 
as well as opportunities for focal therapy. 
Ureteroscopic biopsy has consistently 
demonstrated good performance in the 
detection of urothelial carcinoma as well 
as determining specific grade of disease 
when compared to final pathologic speci-
mens. Although staging is not presently as 
accurate, invasion of lamina propria in 
biopsy specimens can be determined 
[198]. This is true regardless of the biopsy 
volume [199].

The accuracy of ureteroscopic biopsy has 
been called into question with regard to con-
servative (endoscopic) management of upper‐
tract urothelial carcinoma. There is a high 
risk of recurrence and a grade‐related risk of 
progression in endoscopically managed 
patients and up to 20% may proceed to radical 

nephroureterectomy [200]. Furthermore, 
repeat ureteroscopic biopsy (median inter-
val, 6 weeks) in patients managed conserva-
tively demonstrated upgrading in one‐third of 
cases [201]. Therefore, a highly selected 
patient population (low‐grade, 5‐year disease‐
specific survival) may contain the ideal 
candidates for endoscopic treatment.

Biopsies are usually performed via a flexi-
ble ureteroscope using 3Fr cup forceps. 
However, biopsy yield may be greater and 
grading may be more accurate with the use of 
a wire basket as opposed to cup forceps [202]. 
Basket biopsy also provided larger specimens 
than forceps, and larger biopsy forceps may 
provide less distorted specimens than tradi-
tional forceps [203].

Combining urine cytology, the presence or 
absence of hydronephrosis, and uretero-
scopic biopsy grade in a multivariate model 
yielded high‐positive predictive values for 
muscle‐invasive and nonorgan‐confined 
upper‐tract urothelial carcinoma (89% and 
78%, respectively, if all three variables were 
abnormal), and a negative predictive value of 
100% if all three were normal [204]. These 
combined modalities may identify patients at 
risk for advanced disease but need to be vali-
dated prospectively.

Primary Urethral Carcinoma

Because the majority of urethral carcinomas 
arise from the urothelium, and as with blad-
der urothelial carcinoma, the preferred 
modality for diagnosis is via urethrocystos-
copy. As primary urethral carcinoma is quite 
rare, there are few recommendations with 
regard to follow‐up.

Patients with larger lesions should undergo 
transurethral loop resection [205]. However, 
transurethral biopsy may not determine pro-
static involvement or depth of invasion 
accurately, although negative predictive 
value was high [206]. The technique most 
commonly used is loop biopsy of the pros-
tatic urethra at 5‐ and 7‐o’clock positions 
from the bladder neck and distally around 
the verumontanum.
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Introduction 
and Background

The history of surgery has been one of 
progressive movement toward less invasive, 
painful, and mutilating operations. The ulti­
mate expression of this trend will be the 
management of disease without invasive 
procedures at all [1]. In prostate cancer, 
there  has been a major shift toward tissue‐
conserving approaches, including active 
surveillance (AS) and focal therapy. Progress 
in AS will be reviewed in this chapter.

The advent of prostate‐specific antigen 
(PSA) testing in the late 1980s resulted in a 
dramatic (threefold) increase in the annual 
age adjusted incidence of prostate cancer, 
followed by a gradual decrease. In conjunc­
tion with this increased incidence, there 
was a steady decrease in the average volume 
of cancer in newly diagnosed men. This was 
prototypical stage migration of cancer, 
occurring as a result of a new diagnostic 
test that detects cancer which was previ­
ously undiagnosed but highly prevalent. 
The new test resulted in the rapid diagnosis 
of hundreds of thousands of men who had 
harbored preclinical prostate cancer for 
many years. As the prevalent cases were 
identified and treated, the incidence of new 
cases drifted back toward baseline levels 
(although they never dropped down to 

baseline levels, reflecting the “true” inci­
dence of the disease).

The U.S. Preventative Services Task Force 
(USPSTF) recommendation against PSA 
screening in 2012 largely reflected concerns 
about overdiagnosis and overtreatment of 
nonlife‐threatening or nonclinically signifi­
cant disease [2]. Previously, most men with 
prostate cancer were treated by either radical 
prostatectomy or high‐dose radiation treat­
ment. The recommendations of the USPSTF, 
enhanced by evidence regarding the indo­
lent  nature of low‐grade disease and the 
very  low cancer‐specific mortality outcome 
achieved with conservative management, has 
resulted in a more widespread adoption of 
this approach, and an emerging consensus 
regarding the use of conservative manage­
ment for patients with low‐ and selected 
intermediate‐risk cancer.

Rationale

Prostate cancer develops with age in most 
men from all races and regions. In Caucasians 
and African Americans, the chance of harbor­
ing prostate cancer is approximately one’s age 
as a percentage; in other words, as many as 
30% of men in their 30s, 40% in their 40s, and 
70 in their 70s, have some histologic prostate 
cancer [3]. Most of these are microfoci only 
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(<1 mm3) and low grade. The high prevalence 
of microfocal prostate cancer has been con­
firmed in autopsy studies of Caucasians, 
Asians, and other racial groups going back 
more than 50 years. A recent autopsy study in 
Japanese and Russian men, two groups in 
whom PSA testing was uncommon, found 
that in those who died of other causes, 35% of 
both groups had prostate cancer. Surprisingly, 
50% of the cancers in Japanese men aged 70 or 
older were Gleason score 7 or higher [4]. In 
Japanese men younger than age 60, the preva­
lence was lower than Caucasians, and there 
was no difference in men older than 60. This 
finding suggests that, particularly in men 
older than 70, microfocal Gleason 3 + 4 might 
also represent “overdiagnosis” of clinically 
insignificant cancer.

Genetic Features of Low‐Grade 
Prostate Cancer

Genetic analyses comparing Gleason 3 and 4 
patterns, the two most common histologic 
patterns of prostate cancer, have found that 
their molecular hallmarks of cancer differ. 
The hallmarks of cancer, described by 

Hanahan and Weinberg, provide a context 
for comparing the degree to which these can­
cers are “malignant” [5]. The six original hall­
marks of cancer include unlimited replicative 
potential, sustained angiogenesis, local tissue 
invasion, insensitivity to antigrowth signals, 
metastasis, and replicative self‐sufficiency. 
The update in 2011 added two more: dere­
gulating cellular energetics and evasion of 
immune destruction [6]. The genetic path­
ways responsible for these hallmarks of 
malignancy have been worked out in detail 
(Table 7.1). The assignment of Gleason pat­
tern, particularly between 3 and 4, segregates 
prostate cancer between genetically normal 
and abnormal cells to a remarkable degree. 
There are many examples of this segregation. 
Genetic pathways mediating apoptosis 
resistance [7], angiogenesis [8], and the 
development of other pro‐angiogenic factors 
[9], genes involved in regulating cellular 
metabolomics, and metastasis invasion 
processes, are overexpressed in Gleason 4 
and normal in 3 [7–20]. Proliferation path­
way associated genes, including Akt and 
HER2neu [10,11], are expressed normally in 
Gleason 3 and abnormally in Gleason 4 (see 
Table  7.1). Cell‐cycle regulatory genes and 

Table 7.1  Gleason 3 Lacks the Hallmarks of Cancer.

Characteristic of Cancer Gleason 3 Gleason 4

Expression of pro‐proliferation embryonic, neuronal, 
haematopoietic stem cell genes, EGF, EGFR [10]

Not present Overexpressed

Akt pathway [10] Not present Aberrant
HER2/neu [11] Not present Amplified
Insensitivity to antigrowth signals such as cyclin D2 
methylation, CKDN1β [12–14]

Expressed Absent

Resistance to apoptosis: BCL2 [7] Negative Strong expression
Absence of senescence [17] Normal Increased
Sustained angiogenesis: VEGF [8] Expression low Increased
Other proangiogenic factors and microvessel density [9] Normal Increased
Tissue invasion and metastasis markers [10] Normal Overexpressed
PTEN [15,16] Present (7% deleted) Deleted
TMPRSS2‐ERG translocation [18,19] Present 45% Present 50–60%
Clinical evidence of metastasis mortality [23,25] Virtually absent Present
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proteins are present in Gleason 3 and absent 
in Gleason 4 [12–14]. Senescence is normal in 
Gleason 3, largely impaired in Gleason 4 [17]. 
Expression of invasion and metastasis asso­
ciated genes are absent in pattern 3 but pre­
sent in pattern 4 [20]. There are exceptions; 
for example, both Phosphatase and tensin 
homolog(pTEN) [15,16] and TMPRSS2‐ERG 
[18–20], commonly upregulated and present 
respectively in most Gleason 4s, have been 
reported to be altered in a proportion of 
Gleason 3. Given the normal limits of histol­
ogy at predicting genetic abnormalities, this 
is not surprising. However, these isolated 
genetic alterations do not appear to translate 
into an aggressive metastatic phenotype. At 
a genetic level, Gleason pattern 3 resembles 
normal prostate epithelium much more than 
it does cancer; Gleason pattern 4 has the 
features of cancer [21,22].

Metastatic Potential

Prostate cancers vary widely in their meta­
static potential, from completely indolent to 
highly aggressive. Several large clinical series 
have reported a rate of metastasis for surgi­
cally confirmed Gleason 6 (where there is 
no  possibility of occult higher‐grade cancer 
lurking in the prostate) that is essentially zero. 
A natural limitation of the conservative (no 
treatment) management series is that because 
the diagnosis is based on needle biopsy, there 
is no way to exclude the possibility that the 
patients who progress to metastasis had 
occult higher‐grade cancer at the time of 
diagnosis. About 25% of men initially diag­
nosed with Gleason 6 on biopsy have occult 
higher‐grade cancer, and these appear to be 
responsible for most of the prostate cancer 
deaths reported in series of conservative 
management. These cases are wolves in 
sheeps’ clothing, and their earlier identifica­
tion is a major unmet need in the field.

One multicenter study of 24,000 men with 
long‐term follow up after surgery included 
12,000 with surgically confirmed Gleason 6 
cancer [23]. The 20‐year prostate cancer 

mortality was 0.2%. About 4,000 of these 
were treated at Memorial Sloan Kettering 
Cancer Center (MSKCC); of these, 1 died of 
prostate cancer; a pathological review of this 
patient revealed Gleason 4 + 3 disease [24]. 
A second study of 14,000 men with surgically 
confirmed Gleason 6 disease found only 22 
with lymph node metastases; review of 
these cases showed that all had higher‐grade 
cancer in the primary tumour. The rate of 
node‐positive disease in the patients with 
no Gleason 4 or 5 disease in their prostates 
was therefore zero [25].

Occasional genetic mutations that confer an 
aggressive phenotype may be pre‐histologic 
or may develop as a result of the accumula­
tion of genetic alterations in normal cells or 
low‐grade cancers. A recent genetic analysis 
of multiple metastatic sites from a patient 
who had extensive Gleason 4 + 3 pT3a N1 
disease resected at age 47 and died 17 years 
later of metastatic castration‐resistant 
prostate cancer (CRPC), reported that the 
metastatic lesions appeared to derive from 
a  microfocus of Gleason pattern 3 disease, 
rather than, as expected, from the high‐grade 
cancers elsewhere in the prostate [26]. 
A  second case report from the same group 
described a patient on AS with 12 annual 
biopsies that were negative or showed 
Gleason 6 cancer only. Biopsies were discon­
tinued for 5 years, until a repeat biopsy per­
formed because of a rise in PSA showed 
Gleason 9 cancer, which had metastasized. 
Molecular characterization of the biopsies 
in  this patient showed no homology at all 
between the previous low‐grade cancer and 
the high‐grade cancer [27]. These case 
reports are a challenge to the view that 
Gleason pattern 3 does not behave like a 
malignancy. It has been proposed that in the 
first patient, the low‐grade cancer that shared 
genetic homology with the metastases, and 
was present in a sea of higher grade cancer, 
may have developed as a “re‐differentiated 
clonal offspring of a higher grade cancer 
cell  that had metastasized” [28]. Key points 
raised by these informative cases are that 
biology is complex, dynamic, and not 100% 
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predictable; these are single‐case reports 
and  should be viewed in that context; and 
it  is possible that histological Gleason 
pattern 3, particularly when it coexists with 
higher‐grade cancer, can harbor prehisto­
logical genetic alterations that confer a more‐
aggressive phenotype. This is the conceptual 
basis for genetically based predictive assays 
that disaggregate low‐grade cancer into low‐ 
and higher‐risk groups. Importantly, these 
cases should be balanced against the exten­
sive clinical evidence supporting the absence 
of metastatic potential in the vast majority 
of cancers that are pure Gleason pattern 3.

Biomarkers

Two biomarkers have been approved by the 
U.S. Food and Drug Administration (FDA) 
based on their ability to predict progression in 
patients with low‐grade prostate cancer: the 
Prolaris assay [29] (Myriad Genetics), which 
looks for abnormal expression of cell cycle 
related genes, and the Oncotype DX assay 
(Genome Health), which identifies a panel of 
genes linked to a more‐aggressive phenotype 
[30]. The Decipher assay, a tissue‐based 
22‐marker genomic classifier evaluating non­
coding RNA sequences, has been demonstrated 
to accurately predict the  risk of biochemical 
progression after radical prostatectomy [31]. 
The Mitomics assay, which identifies the pres­
ence of a functional mitochondrial DNA dele­
tion associated with aggressive prostate cancer 
[32], is not yet FDA approved. These tests 
hold the promise of interrogating the microfo­
cus of Gleason 6 found on biopsy for accurate 
information about the presence of higher‐
grade cancer elsewhere in the prostate or the 
future likelihood of progression to aggressive 
disease. That the biomarkers can achieve this 
confirms the inter‐relationship of heterogene­
ous multifocal cancers.

Limitations of PSA Kinetics

PSA kinetics are currently used as a guide to 
identify patients at higher risk but not to drive 
the decision to treat. Until multiparametric 

MRI became available, men on AS with poor 
PSA kinetics (doubling time <3 years) were 
offered treatment. In the PRIAS multi‐insti­
tutional AS registry, 20% of men being treated 
had intervention based on a PSA doubling 
time <3 years [33]. In a report of the five men 
dying of metastatic prostate cancer in the 
Toronto cohort, all had a PSA doubling time 
<2 years [34]. However, PSA kinetics has a 
crucial limitation: lack of specificity [35]. In a 
study of PSA kinetics in a large surveillance 
cohort, false‐positive PSA triggers (doubling 
time <3 years, or PSA velocity >2 ng/year) 
occurred in 50% of stable untreated patients, 
none of whom went on to progress, require 
treatment, or die of prostate cancer [35]. 
Vickers, in an overview of all of the studies 
of more than 200 patients examining the pre­
dictive value of PSA kinetics in localized 
prostate cancer, concluded that kinetics had 
no independent predictive value beyond the 
absolute value of PSA [36].

Role of MRI

Systematic serial transrectal ultrasound 
(TRUS)‐guided biopsies has been the pri­
mary tool for identification of the “wolf in 
sheep’s clothing” in men with Gleason 6 
cancer on surveillance. This technique has 
significant limitations. TRUS‐guided biopsy 
undersamples the anterior prostate, apex, 
and antero‐lateral horn. Thus, a confirmatory 
biopsy to target these areas in men on surveil­
lance is essential. Because prostate cancer in 
most cases takes 10–20 years to reach the 
stage where clinical diagnosis is possible, the 
delay of 6–12 months in finding occult 
higher‐grade cancer is unlikely to alter cura­
bility. MRI has an emerging role in the man­
agement of patients under AS. There are two 
potential benefits: reassurance that no higher 
risk disease is present in those with a negative 
MRI; and, in the patients harboring occult 
higher‐grade disease, earlier identification of 
this cancer. With respect to the former bene­
fit, the key metric is the negative predictive 
value (NPV). This has been reported to be 
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97% for a group of about 300 surveillance 
candidates at MSKCC [37]. This observation 
requires validation. An MRI lesion charac­
terized as Prostate Imaging Reporting and 
Data System (PiRADS) score of 4 or 5/5 has a 
90% positive predictive value for high‐grade 
cancer. This abnormality is characterized by 
a  hypodenselesion on T2‐weighted image, 
with both restricted diffusion and enhanced 
contrast. These are significant and should 
lead at least to a targeted biopsy, if not 
definitive intervention. An equivocal lesion 
(PiRADS 3/5) should trigger a targeted 
biopsy. The diagnostic usefulness of MRI 
and targeted biopsy compared to systematic 
biopsy has recently been reported to be 
optimized in men with a PSA >5.2 [38].

Importantly, the favorable results of AS 
summarized herein have been achieved with­
out incorporating MRI, which has been a 
recent development. It is thus, currently, an 
adjunct to surveillance and not a require­
ment. In centers where access to MRI is 
limited by either availability or resource 
restrictions, it should be used selectively. 
However, it is plausible that an MRI per­
formed at diagnosis in all patients with newly 
diagnosed prostate cancer would enhance 
these excellent results further. This approach 
is currently the subject of prospective trials.

If the results of single‐center cohorts are 
validated, the reliable performance of MRI as 
a diagnostic test would permit a level of con­
fidence in a negative MRI that would allow it 
to replace the biopsy. This would decrease 
the number of men requiring biopsies 
(a  major unmet need) and facilitate early 
identification of clinically significant disease. 
A limitation of multiparametric MRI is that 
the  skill set for accurate interpretation is 
demanding and not yet widely prevalent.

A further area for research is to better 
understand how to integrate the results of 
genetic biomarker tests and MRI. For exam­
ple, optimal management of the patient in 
whom results are discrepant (i.e., genetic test 
indicates high risk but MRI is negative) is 
currently unknown. False‐positive and false‐
negative results undoubtedly occur with 

both diagnostic approaches, but how com­
monly this occurs is uncertain. Although 
they may meet the unmet need of better risk 
assignment, further validation of their per­
formance is needed before they are widely 
adopted in the surveillance scenario.

Implications for Patient 
Management

The appreciation of the critical observation 
that Gleason pattern 3 has little or no meta­
static phenotype has altered the approach to 
these patients. Gleason pattern 3, which can 
invade locally, does fulfill sufficient tradi­
tional pathological criteria to be called a can-
cer, despite its nonmetastasizing phenotype 
(analogous to basal cell carcinoma of the skin 
or gliomas). Both of these latter tumors are 
non‐metastasizing, but are they called can­
cers because of their demonstrated ability 
to  invade locally. However, it is not a lethal 
threat, in contrast to the implications of the 
cancer diagnosis for to lay people. Changing 
the terminology away from the emotionally 
loaded term cancer would significantly reas­
sure the patient and derail the headlong rush 
into aggressive treatment. Terms like 
pseudo‐cancer, pseudo‐disease, part of the 
aging process, and pre‐cancer are useful in 
counseling these men.

Young age does not exclude the option of 
conservative management. The benefits of 
avoiding treatment with respect to mainte­
nance of erectile function and continence are 
greater in young men, and the risks of second 
malignancies as sequelae of radiation are also 
greater in men with a long life expectancy. 
Microfocal low‐grade cancer is present in 
30–40% of men in their 40s [3]. Diagnosing 
microfocal Gleason 6 cancer on a TRUS‐
guided biopsy does not mean that disease 
progression is inevitable. Many studies, how­
ever, have demonstrated that that men with 
high‐volume Gleason pattern 3 have a higher 
risk of harboring higher‐grade cancer. The 
volume threshold of Gleason 3 on biopsy at 
which point higher‐grade cancer is more 
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likely to be present is variable. A threshold of 
more than 8 mm of total cancer on systematic 
biopsy has recently been described [39]. 
Another approach to the question of the sig­
nificance of higher volume Gleason 6 has been 
to use the European Randomized Study for 
Prostate Cancer (ERSPC) database to charac­
terize the volume of cancer in those patients 
with clinically significant Gleason 6 disease. 
The threshold for clinically significant Gleason 
6 disease was a cancer volume of >1.3 mL [40]. 
This is an important refinement of the tradi­
tional definition of >0.5 mL, defined by Stamey 
based on 149 cystoprostatectomy specimens 
from the pre‐PSA era. The management of 
these patients is to exclude the presence of 
higher‐grade cancer as rigorously as possible 
(based on MRI, targeted/template biopsies, 
and biomarkers). Such patients are unlikely 
to require treatment.

AS not only offers the prospect of reduced 
morbidity and improved quality of life, but 
should result in an improvement in survival. 
The logic is as follows. PSA screening has 
been discarded by policy makers such as the 
USPSTF because of concerns about over­
treatment and a high number needed to treat 
(NNT) for each death avoided. Selective 
treatment employing AS would result in a 
decrease in the NNT for each death avoided. 
If widely adopted, AS would eventually result 
in a reappraisal of the benefits of PSA screen­
ing and a greater acceptance of its value by 
policy makers such as the USPSTF. The result 
will be “rehabilitation” of PSA screening, ear­
lier identification of those with aggressive 
disease, lives saved, and an overall reduction 
in prostate cancer mortality (compared to 
no  screening resulting from the perceived 
hazards of overtreatment).

Eligibility for Surveillance

Who Is a Candidate?

Low‐risk disease based on biopsy is widely 
defined as Gleason 6 and PSA <10 ng/mL. 
(The 2005 reclassification of the Gleason 

scoring system resulted in Gleason 2–5 being 
eliminated from the needle biopsy grading. 
The National Comprehensive Cancer Network 
(NCCN) makes a distinction between very 
low‐risk (fulfilling Epstein criteria of two 
or  less cores positive, no more than 50% of 
any core involvement, and PSA density 
<0.15) and low‐risk (Gleason 6, PSA <10). 
Technically patients with T stage > T2a are 
excluded; in fact, most eligible patients are 
T1c. This group includes around 45% of 
newly diagnosed patients in the United States 
and Canada, which is currently approxi­
mately 150,000 men per year The Epstein cri­
teria were based on those biopsy criteria 
which predicted for the Stamey definition 
of clinically insignificant disease (<0.5 mL of 
Gleason 6 prostate cancer). As mentioned 
previously, this definition is too stringent and 
would exclude many patients with low‐risk 
disease who would otherwise be excellent 
candidates. Based on the contemporary 
ERSPC definition of clinically insignificant 
disease as being a low‐grade tumor volume 
>1.3 mL and because the number of cores 
taken at biopsy has increased (to more than 
80 in patients having template biopsies), 
these criteria warrant redefinition. Informed 
by the genetic characterization of Gleason 
pattern 3 and the clinical experience with 
Gleason 6, we believe that all Gleason 6 
cancer has a low risk of metastasis. The main 
significance of higher volume disease is as a 
predictor of occult higher‐grade cancer. In 
the absence of higher‐grade cancer, metasta­
sis will not occur. Thus, these patients require 
close scrutiny to preclude as much as possi­
ble co‐existent higher‐grade disease, but do 
not necessarily require treatment in the 
absence of higher‐grade cancer.

Most patients who are upgraded harbor 
occult higher‐grade cancer at the time of 
diagnosis. Biological grade progression 
(Gleason 3 cells giving rise to Gleason 4 or 
5 progeny) occurs over time, but it is uncom­
mon. In the Toronto surveillance cohort, we 
observed that the likelihood of grade pro­
gression increased approximately 1% per 
year from the time of the original biopsy [41]. 
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This is a likely estimate of the frequency of 
grade progression. The implication is that 
long‐term follow up is required, although 
in  most cases the Gleason grade remains 
stable.

Low prostate volume, and more specifi­
cally a high PSA density (PSA‐to‐prostate 
volume ratio), has been demonstrated in 
many studies to be a predictor for risk 
progression. A high PSA density in some 
surveillance candidates reflects PSA arising 
from a large occult cancer. Increased caution 
is warranted in these cases.

A few young men (50 years of age or 
younger) are found to have extensive Gleason 
6 cancer on biopsy. In these patients, uncer­
tainty exists about. the risk of true tumor 
progression over time, as well as the risk of 
harboring occult high‐grade disease. These 
patients are clearly outliers, and it is reason­
able to offer them treatment. Where exactly 
to draw the line in terms of age and cancer 
volume is a matter of clinical judgment.

Race is a relevant factor. African Americans 
on AS have a higher rate of risk reclassifica­
tion and PSA failure when treated than 
Caucasians [42]. African American men who 
are surveillance candidates also have a higher 
rate of large anterior cancers than Caucasians 
[43]. Japanese men younger than age 60 have 
a lower rate of histological “autopsy” cancer 
than Caucasian men. Thus, the finding of 
low‐grade prostate cancer in young Asian 
men may be less likely to represent overdiag­
nosis. However, African American and Asian 
patients diagnosed with low‐grade prostate 
cancer includes many men who have little or 
no probability of a prostate cancer–related 
death during their remaining lives, and AS is 
still an appealing option for those who have 
been appropriately risk stratified.

Outcome of Surveillance

Cardiovascular disease is the most‐common 
cause of death in men on AS. Death from 
prostate cancer is uncommon, although it 
occurs. In the most mature surveillance 

cohort [44,45], with a median follow up of 
8 years, the cumulative hazard ratio (or rela­
tive risk) of death not related to prostate can­
cer was 10 times that for prostate cancer. To 
date, the published literature on surveillance 
includes 13 prospective studies, encompass­
ing about 5,000 men [45–56]. Most of these 
studies have a follow up duration that is 
too  short to identify an increased risk of 
prostate cancer mortality as a result of sur­
veillance. For example, a pivotal Swedish 
study reported that the risk of prostate can­
cer mortality in patients managed by watch­
ful waiting was low for many years, but 
tripled after 15 years of follow up [57,58]. 
(“Watchful waiting” meant no opportunity 
for selective delayed intervention, whereas 
about 30% of patients in most surveillance 
series have had radical treatment.) In the 
Toronto experience, 70 patients have been 
followed for 14 years or more; 1.5% have 
had  late disease progression, but there is 
no evidence of a sharp increase in mortality 
in those with longer follow up [45]. A critical 
question in this field is what the long‐
term prostate cancer mortality will be beyond 
15 years. It will be 5–7 years before the most 
mature cohorts have a median of 15 years of 
follow‐up. Table 7.2 summarizes the results 
of the 13 prospective series. The key out­
come measures include the proportion of 
patients treated, overall, and cause‐specific 
survival. About one third of patients are 
treated; most series have few or no prostate 
cancer deaths. In the Toronto series, the 
actuarial prostate cancer mortality at 
15 years is 5%. The rate of other cause mor­
tality is 10 times greater than the prostate 
cancer mortality.

Modeling

The use of surveillance compared with 
surgery and radiation has been modeled 
by  several groups. One propensity score 
analysis compared 452 men from the 
Toronto surveillance cohort to 6,485 men 
having radical prostatectomy, 2264 treated 
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with external beam, and 1680 with brachy­
therapy. There was no difference in prostate 
cancer mortality and an improved overall 
survival in  the surveillance group (because 
of an increase in other‐cause mortality in 
the patients who underwent radiation) [59]. 
A decision analysis of surveillance com­
pared to initial treatment showed that sur­
veillance had the highest quality‐adjusted 
life expectancy (QALE), even if the relative 

risk of prostate cancer–specific death for 
initial treatment compared with AS was as 
low as 0.6 [60]. (In fact, it is 0.95 at 15 years 
in the Toronto series.)

Although surveillance has become more 
widely accepted over the last decade, the modi­
fication of the Gleason system in 2005 has, iron­
ically, resulted in grade migration, a decrease in 
the number of newly diagnosed Gleason 6 com­
pared to 7, and therefore a smaller proportion 

Table 7.2  Outcomes of AS in Large Prospective Series.

Reference n

Median
Follow‐Up
(months)

Treated Overall (%); 
Treatment Free (%)

Overall and Disease‐
Specific Survival (%)

BCR postdeferred 
treatment (%)

Klotz et al. [45], 
University of 
Toronto

993 92 30; 72 at 5 years 79 and 97 at 10 years
DSS 95% at 15 years

25% (6% overall)

Bul et al. [33], 
Multicenter, 
Europe

2500 47 32; 43 at 10 years 77 and 100 at 
10 years

20%^

Dall’Era et al. 
[46], UCSF

328 43 24; 67 at 5 years 100 and 100 at 
5 years

NR

Kakehi et al. [48]
Multicenter, Japan

118 36 51; 49 at 3 years NR NR

Tosian J et al. [48], 
Johns Hopkins, 
United States

407 NR 36; NR NR NR: 50% 
‘incurable’ based
on RP pathology

Roemeling et al. 
[49], Rotterdam, 
Netherlands

273 41 29; 71 at 5 years 89 and 100 at 5 years NR [31% of
13 RP positive 
margins]

Soloway et al. 
[50], Miami, 
United States

9 9 35 8; 85 at 5 years NR NR

Patel et al. [51], 
Memorial Sloan 
Kettering, United 
States

88 35 35; 58 at 5 years NR NR

Barayan GA [52], 
McGill, Canada

155 65 20% NR NR

Rubio‐Briones 
[53], Spain

232 36 27% 93% and 99.5% at 
5 years

Godtman [54] 439 63% 81 and 99.8 14
Thomsen [55], 
Denmark

167 40 35%/60% at 5 years

Selvadurai [56], 
United Kingdom

471 67 30 98 and 99.7 12

DSS, disease‐specific survival.
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of patients with prostate cancer eligible for sur­
veillance. There is an  increasing recognition 
that patients with Gleason 3 + 4 = 7, where the 
component of pattern 4 is small (<10%) have a 
similar natural history to those with Gleason 
3 + 3, perhaps reflecting the stage‐migration 
phenomenon [61].

AS in Practice

Most clinicians use the following approach or 
a variation of it: Following the initial diagnosis 
of Gleason 6 prostate cancer on 10 or more 
core systematic biopsy, PSA is performed 
every 3–6 months. A confirmatory biopsy 
must be carried out within 6–12 months of 
the  initial diagnostic biopsy on which cancer 
was identified. This confirmatory biopsy 
should target the areas that are typically under­
sampled on the initial diagnostic biopsy. This 
includes the anterior prostate and the prostatic 
apex and base. If the confirmatory biopsy is 
either negative or confirms microfocal Gleason 
3 + 3 disease, subsequent biopsies are per­
formed every 3–5 years until the patient 
reaches age 80 or has a life expectancy <5 years 
because of comorbidity. Multiparametric MRI 
should be performed on the patients whose 
PSA kinetics suggests more aggressive disease 
(usually defined as a PSA doubling time 
<3 years), whose biopsy shows substantial vol­
ume increase, or who is upgraded to Gleason 
3 + 4. and surveillance is still desired as a man­
agement option. Identification of an MRI tar­
get suspicious for high‐grade disease should 
warrant a targeted biopsy, or if the lesion is 
large and unequivocal, intervention.

Over time, about one‐third of patients will 
be reclassified as higher risk for progression 
and offered treatment. This will depend on 
the inclusion criteria used for eligibility for 
surveillance. An inclusive approach, offering 
surveillance to all patients with Gleason 6 
and PSA <15, for example, will include more 
patients with occult high‐grade disease than 
a narrower approach, restricting surveillance 
to those who meet Epstein criteria (two or 
less positive cores, <50% involvement of any 

one core, and PSA density <0.15). However, 
the more stringent eligibility denies the 
benefits of AS to many men with indolent 
disease who do not fit the Epstein criteria 
and thus are discouraged from choosing AS.

Most cases that are upgraded on the 
confirmatory or initial subsequent biopsy 
are  upgraded based on resampling (about 
25% of patients). More than 85% are upgraded 
to Gleason 3 + 4 [62]. We have developed a 
risk calculator (Figure  7.1), which incorpo­
rates the important clinical parameters 
associated with grade progression in a sur­
veillance cohort [41]. Note that, based on 
simple clinical and pathological parameters, 
a patient’s likelihood of upgrading can be 
stratified over a large range, from 10% to 70%.

Conclusions

AS is an appealing approach for patients with 
low‐risk disease and an effective solution to 
the widely recognized problem of overtreat­
ment. Widespread adoption of surveillance 
would result in a reduction in the number 
needed to treat for each death avoided without 
the risk of increasing disease mortality. A dis­
passionate reassessment of PSA screening 
based on these improved metrics should lead 
to a reconsideration of the value of prostate 
cancer screening by organizations such as the 
USPSTF. Ongoing improvements in diagnostic 
accuracy based on multiparametric MRI and 
genetic biomarkers should reduce the need 
for systematic biopsies, improve the early iden­
tification of occult higher‐risk disease, and 
enhance the ability to detect patients destined 
to have grade progression over time. The mini­
mum current standard is  a confirmatory 
biopsy targeting the anterolateral horn and 
anterior prostate within 6–12 months. PSA 
should be performed every 6 months and sub­
sequent biopsies every 3–5 years until the 
patient is no longer a candidate for definitive 
therapy. MRI is indicated for men with a grade 
or volume increase or adverse PSA kinetics. 
Treatment should be offered for most patients 
with upgraded disease.
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Introduction

Over the past two decades, imaging 
improvements with computed tomography 
(CT) scans and the incorporation of prostate‐
specific antigen (PSA) has increased the 
identification of small renal masses and low‐
volume, low‐grade prostate cancers, respec­
tively. This has caused a paradigm shift in 
management for these urologic cancers. New 
minimally invasive ablative therapies such 
as cryoablation offer patients a third option 
between surveillance and definitive surgical 
extirpation. Whether or not an incidentally 
discovered small renal mass or low‐grade, 
low‐volume prostate cancer needs to be 
treated can be debated. However, with the 
advent of new thermal ablative therapy that 
can now be delivered with minimal morbidity, 
treatment for these questionably insignificant 
cancers is being reconsidered.

In addition, we have a large aging popu­
lation living with chronic comorbidities. 
Cryoablation can offer a relatively safe defi­
nite therapy for certain urologic neoplasms 
in patients in whom surgical therapy may be 
high risk. For small renal masses, percutane­
ous or laparoscopic cryoablation allows for 
nephron sparing without mobilization of the 

kidney and more importantly, without 
dissection and clamping of the hilum, which 
may cause ischemic injury. Elderly men 
diagnosed with low‐volume, low‐grade 
prostate cancer are increasingly being placed 
on active surveillance. Current opinion sup­
ports the concept that elderly men (especially 
those with chronic comorbid conditions) will 
likely die from other causes rather than their 
prostate cancer. However, life expectancy for 
the elderly is continuing to increase. The risk 
gap between death from chronic disease and 
death from prostate cancer may be shrinking 
over time.

Focal cryoablation techniques currently 
have a limited role in urologic neoplasms. 
Many of the current technologies have yet 
to  be evaluated for long‐term efficacy. 
Specifically, recurrence free survival has been 
questioned for many ablation techniques. As 
new technology and technique innovations 
develop, a new round of investigation is war­
ranted. Ultimately, the goal of ablation ther­
apies is to achieve similar, if not better, 
outcomes when compared with their surgical 
and medical counterparts. With improve­
ment in imaging and therapeutic technique, 
the role of cryoablation therapy for urologic 
malignancies will become more prominent.
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Cryoablation: Extreme Cold 
for Tumor Necrosis

History

James Arnott, an English physician, was the 
first credited in using extreme cold tempera­
ture to treat medical conditions. Using a 
mixture of ice and salt, Arnott treated many 
lesions and tumors of the skin and cervix 
during the mid‐1800s. Although the salt–ice 
mixture was able to achieve cold tempera­
tures, definitive cell death, and effective 
tumor treatment was not observed. The cold 
achieved via this method was limited to a pal­
liative role. It was not until the development 
of liquefied gasses (refrigerants) that extreme 
cold temperatures that cause tissue damage 
and cell death could be achieved. The ther­
modynamic principle that explains the 
extreme colds achieved by liquefied gasses 
(gasses under pressure) is the Joule‐Thomson 
principle. Gasses under pressure cool when 
they are allowed to expansion. All ideal gasses 
exhibit this phenomenon. The exceptions to 
this principle are hydrogen and helium gas, 
which are heated when expanded at room 
temperature. Liquefied air and carbon diox­
ide were the first refrigerants readily available 
in the early 1900s and were used for treat­
ment of many dermatologic conditions. The 
main drawback of cryotherapy during this 
area was its limited use for skin and superfi­
cial lesions and tumors. In 1963, a neurosur­
geon named Irving Cooper developed the first 
closed loop cryoprobe [1]. The probe used 
liquid nitrogen as a refrigerant. The use of the 
cryoprobe allowed access to deeper tissues. 
First uses of the liquid nitrogen‐based cryo­
probe were for inoperable brain tumors.

In 1964, Gonder et al. described the use of 
cryo in urologic pathology with the first tran­
surethral ablation of the prostate [2]. In the 
1970s and 1980s, nitrogen‐based cryoabla­
tion was introduced for prostate and renal 
neoplasms, but the technique never gained 
much favor in these early years. The main 
limitation of cryoablation at this time was 
lack of monitoring the expanding cryo field. 

Physicians would palpate for the expanding 
ice ball to determine the extent of cryoabla­
tion. During this era, complications associ­
ated with cryoablation were common (i.e., 
urethral/bowel injury). In 1984, Onik et  al. 
incorporated intraoperative ultrasound with 
cryoablation [3]. Physicians were then able 
to monitor the cryo field by visualizing the 
hyperechoic rim of the expanding ice ball. 
When further studies demonstrated that 
the visualized hyperechoic edge of the ice 
ball correlates with the zone of cell death 
the  effectiveness, safety and popularity of 
cryoablation progressed [4,5].

Mechanism of Action

Cell death and injury using extreme cold 
temperatures from cryoablation is achieved 
through multiple mechanisms. The first 
mechanism of injury is related to a biochemi­
cal process related to an osmotic gradient 
created between the intracellular and extra­
cellular tissue environments. In the initial 
phases of freezing, the extracellular fluid 
freezes [6,7]. Water in the extracellular 
environment begins to freeze at 0 ° C, which 
increases the osmotic pressure of the unfro­
zen extracellular fluid. As fluid is drawn from 
within the cell to the extracellular space, 
intracellular dehydration and accumulation 
of toxins ensue. The change in intracellular 
pH leads to protein denaturation and cell 
organelle damage [8,9]. As the temperature 
continues to fall to < –15 ° C most of the 
extracellular fluid is frozen and the intracel­
lular fluid begins to crystallize [8,9]. The 
extensive freezing results in a second mech­
anism of cell damage, mechanical injury. 
As  the freezing progresses, tissue trapping 
occurs and causes increased shear forces on 
cellular structure and destruction of cellular 
membranes. Together, the biochemical and 
mechanical mechanisms of injury cause 
direct cellular damage, which leads to cell 
death and fibrotic scar formation.

In addition to direct cellular injury from 
extreme cold, indirect mechanisms also play 
a role in the coagulative necrosis caused by 
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cryoablation. Along with tissue damage, 
extreme cold also has an effect on the vascu­
lature within the treatment field. Zacarian 
et al. demonstrated that extreme cold causes 
blood stasis and thrombosis within the 
microvasculature [10]. This in turn leads tis­
sue hypoxia and ischemic necrosis. During 
the thaw phase after treatment, small dam­
aged blood vessels dilate, resulting in hyper­
emic reperfusion injury and microthrombi 
formation [11,12]. Additionally during the 
thaw phase, extracellular fluid returns to the 
intracellular space further damaging orga­
nelles and cell membranes.

Studies have demonstrated that irreversible 
tissue injury occurs at temperatures between 
–20 ° C and –50 ° C [13‐15]. The exact tem­
perature to cause necrosis in the cryo field is 
tissue dependent. Different tissues have dif­
ferent thermal properties such as heteroge­
neity with calcifications and fibrosis. Vascular 
neoplasms tend to require a lower probe tip 
temperature because vascular networks can 
act as heat sinks. The heat sink created by 
vascular neoplasms and thermal resistance 
as a result of fibroblast deposition may 
explain why slightly colder temperatures 
are  required for malignancies compared to 
normal target organ parenchyma. Tatsutani 
et  al. demonstrated that a minimum of 
–40 ° C was required to irreversibly destroy 
prostate cells; thus, –40 ° C has become the 
standard minimum for adequate therapy for 
genitourinary malignancies [16].

Direct and indirect thermal damage during 
the freeze‐thaw process occurs in the central 
zone of the cryofield. The central zone is 
adjacent to the distal end of the cryoprobe. 
The zone contains the irreversibly damaged 
cells showing evidence of coagulative necro­
sis and fibrotic scar formation histologically. 
Surrounding the central zone is the periph­
eral zone, which contains tissue showing 
evidence of cell injury without evidence of 
direct thermal damage. The injury that 
occurs in the peripheral zone occurs from 
cold temperatures above the therapeutic 
threshold for irreversible direct thermal 
damage. The mechanism of cell injury in the 

peripheral zone is via activation of the apop­
tosis cascade [8]. Although activation of the 
apoptosis cascade has been demonstrated, 
the exact mechanism and signaling pathway 
that initiates the cascade is currently unknown. 
The limit of the peripheral zone has been 
shown to correlate with the extent of the 
hyperechoic rim of the expanding ice ball on 
intraoperative ultrasound [4,5].

Current and Future Trends

There have been a few advancements in 
cryoablation that have increased the efficacy 
and shortened operative times. A major 
advancement has been the use of liquid argon 
gas to replace liquid nitrogen as a refrigerant. 
Argon has allowed for smaller probes and 
faster cooling rates. Faster cooling rates have 
been shown to be advantageous by increas­
ing the efficacy of direct thermal damage. 
The rapid cooling allows intracellular crys­
tals to form early, which increases the 
mechanical injury for organelle and cell 
membrane disruption as a result of increased 
shear forces [17]. Small probes and shorter 
operative times may also contribute to less 
morbidity from cryoablation.

Many cryoablation devices now incorpo­
rate helium gas for active thawing. There has 
been discrepancy in the literature regarding 
potentially negative therapeutic effects from 
active thawing when compared to passive 
thawing [13,18,19]. However, what has been 
definitely shown to increase cryoablation 
efficacy is repeating the freeze‐thaw cycle 
[14,15]. A larger volume and significantly 
greater percentage of irreversible cell dam­
age was noted in prostate neoplasms treated 
with two freeze‐thaw cycles compared to one 
freeze thaw‐cycle [20]. Post cryoablation of 
the prostate follow‐up studies have shown 
decreased biochemical recurrence and posi­
tive biopsy rates in patients who underwent 
two freeze‐thaw cycles [21–23]. Faster cool­
ing rates with argon refrigerants and active 
thawing with helium make repeated freeze‐
thaw cycles possible with significantly shorter 
operative times.
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Conclusion

Diagnoses of low‐volume, low‐grade urologic 
tumors are increasing with modern imaging 
and innovative biomarkers. This, in addition to 
a growing older patient population, has 
increased the role of focal therapy with cryoab­
lation for treatment of urologic malignancies. 
Despite the growing popularity of cryoablation, 
there are still many limitations in its use for 
curative intent. New technological develop­
ments continue to push for increased efficacy 
and safety of ablation. Currently, most of the 
available data for these therapies are based on 
short follow‐up and small patient cohorts. The 
challenge of conducting a good study with long‐
term follow‐up is that the rate of technological 
advancement may outpace the study period.

The ultimate goal of any focal therapy is to 
achieve acceptable oncologic outcomes and 
safety while limiting side effects and increas­
ing patient quality of life. Most of the efforts 
to improve current cryoablation technology 
center on more efficient energy delivery 
and better localization of the target lesion. 
Innovations in imaging have played a major 
role for real‐time monitoring and target 
lesion identification. Fusion imaging with 
real‐time ultrasound superimposed on a 
detailed magnetic resonance image (MRI) 
has shown promise in focal therapy for 
prostate cancer. MRI thermometry has also 
been investigated for detailed real‐time mon­
itoring of expanding thermal lesions. More 
accurate monitoring and targeting of the 
treatment lesion will aid in ensuring com­

plete tumor necrosis while limiting injury 
to surrounding vulnerable structures (blood 
vessels, urethra, urothelium, bowel, etc.).

In addition to technologic advancement, a 
more in‐depth understanding of therapeutic 
mechanisms and tumor biology may facili­
tate patient selection and posttherapy moni­
toring. Proper patient selection has not been 
standardized, and it is currently unclear 
which urologic patients benefit most from 
cryoablation over surgical or systemic medi­
cal treatment. Certain biologic characteris­
tics of a tumor might make it more sensitive 
to  certain therapeutic mechanisms. Tumor 
characteristic understanding may also shed 
light on multimodal or combination thera­
pies. Individualization of a patients and 
tumors before treatment will aid in proper 
selection of management strategies for 
urologic malignancies.

Focal cryoablation with extreme cold tem­
perature has been reserved as a low‐morbidity 
alternative to surgical extirpation. The lack of 
technology and limited understanding 
of  tumor biology have kept focal ablation as 
a  secondary treatment option for curative 
intent. Unlike surgical excision, focal ablation 
does not provide pathologic evidence of suc­
cessful treatment. Technologic advancements, 
novel imaging modalities and identification of 
new tumor biomarkers may close the gap 
between definitive evidence of treatment after 
surgery and post‐ryoablation recurrence 
monitoring. By narrowing this gap, cryoabla­
tion may move from a low‐morbidity pallia­
tive alternative to more of a curative option.
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Introduction

The treatment of prostate cancer (PCa) has 
shifted over the past two decades from tradi-
tional whole‐gland therapies aimed at cura-
tive intent—namely surgical extirpation and 
radiation therapy—to a more complex milieu 
of therapeutic options. Rates of radical pros-
tatectomy (RP), for example, have fallen as 
more conservative approaches, such as active 
surveillance, watchful waiting, radiotherapy, 
and more recently, focal ablation, have 
emerged. These changes have coincided with 
advances in our understanding of risk strati-
fication for high‐ versus low‐risk PCa, pros-
tate cancer genomics, and our ability to more 
accurately identify PCa lesions within the 
prostate through advances in magnetic reso-
nance imaging (MRI) and targeted prostate 
biopsy.

Evidence has demonstrated that RP for 
patients with high‐risk disease may reduce 
their risk of PCa‐related death by 5% over 10 
to 15 years compared to watchful waiting, 
but the overall and PCa‐specific survival 
does not significantly differ between RP and 
watchful waiting approaches in the low risk 
group [1–3]. Furthermore, functional out-
comes after RP continue to be less than ideal, 

despite technological and surgical advances, 
with rates of urinary incontinence after RP 
reported to be as high as 75% after surgery 
(average rates of 10–20%), and rates of impo-
tence widely varying between 10% to greater 
than 50% even 2 years after surgery [4–6].

The concept of focal therapy (FT) has 
emerged as a therapeutic alternative to treat 
PCa in patients with localized disease with 
the aim of reducing collateral tissue damage 
that leads to genito‐urinary toxicity, thus 
potentially affording better functional out-
comes for the appropriate patient, while aim-
ing to maintain disease control. Indeed, 
similar approaches have already been widely 
adapted in other organ systems, as witnessed 
by the widespread utilization and acceptance 
of partial mastectomy/lumpectomy, partial 
hepatectomy, partial nephrectomy, partial 
penectomy, and even partial pancreatectomy 
[7–9]. Despite this widespread acceptance in 
many other organ systems, it still largely lags 
behind in the treatment of PCa.

In PCa, the rationale for FT derives from 
the concept of treating the index lesion in 
men with localized disease. While current 
pathologic evidence from whole‐gland RP 
specimens often reveals multiple foci of PCa, 
evidence suggests that the initial largest or 
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highest‐grade lesion, the index lesion, largely 
drives the natural history of the disease [10]. 
Furthermore, molecular evidence increas-
ingly supports the concept that the index 
lesion is the one most likely to exhibit pro-
gression to local invasion or even metastasis 
[11–15]. It warrants mention here that PCa 
does not exist solely as a single lesion, but 
often as a multifocal disease on final whole‐
mount pathology in RP specimens (78% mul-
tifocal, 86% bilateral) [13]. However, it has 
also been demonstrated, for example, in a 
study of 100 whole‐mount specimens that 
99.4% of the no‐index, satellite lesions were 
Gleason grade 6 or less and 87% smaller than 
0.5 mL, or clinically insignificant disease 
[13]. The goal of focal ablation, therefore, is 
to deliver an ablative dose of energy to the 
index lesion while sparing the rest of the 
gland and avoiding the functional morbidity 
associated with whole‐gland treatment.

The anatomic configurations of FT energy 
delivery vary by trial and include true “focal” 
therapy aimed solely at a lesion of interest, 
quadrant ablation (one quadrant of a prostate 
lobe), hemiablation (unilateral lobar ablation), 
hockey stick (hemiablation plus contralateral 
dog‐leg), or multiple focal ablations of several 
lesions of interest. Multiple modalities have 
been investigated and used as a means of deliv-
ering ablative energy to a portion of the pros-
tate containing a target lesion or lesions. These 
include, but are not limited to, cryoablation, 
high‐intensity focused ultrasound (HIFU), 
laser interstitial thermal ablation (LITT), pho-
todynamic therapy (PDT), radiofrequency 
interstitial tumor ablation (RITA), irreversible 
electroporation (IRE), among others.

In this chapter, we review the data available 
on the following focal therapies: cryotherapy, 
HIFU, IRE, focal radiation (namely, brachy-
therapy), and briefly, radiofrequency ablation 
(RFA), LITT, PDT. We also present an over-
view of the literature regarding proper 
patient selection for consideration for FT, 
including a brief description of current data 
surrounding the use of imaging and targeted 
biopsy as it pertains to PCa lesion identifica-
tion and proper patient selection.

Key Concepts in FT for PCa

Patient Selection for FT

A growing body of literature has emerged with 
aims to refine the clinical criteria guiding 
patient selection for FT for PCa. There is cur-
rently no consensus with regard to the ideal 
age, clinical stage, or number of lesions in a 
patient considering FT. Several consensus 
meetings have been held over the years with 
the intention of defining these criteria, but 
controversy still exists. For example, in 2007 
the International Task Force on PCa proposed 
criteria for selection that are akin to very low‐
risk PCA‐based on National Comprehensive 
Cancer Network (NCCN) guidelines: pros-
tate‐specific antigen (PSA) <10 ng/mL, 
absence of Gleason grade 4 or 5, and very 
restrictive biopsy criteria among other factors 
[16]. The University College of London (UCL), 
on the other hand, identifies the index lesion 
amenable to FT by either of the following: (1) 
Gleason ≥4 + 3 and/or maximum core length 
≥6 mm or (2) Gleason ≥3 + 4 and/or maximum 
core length ≥4 mm [17]. Further consensus 
meetings have since been held with recent 
reports reflecting the consideration of broader 
inclusion criteria to include patients with 
intermediate‐risk and some higher‐risk PCa as 
more data have emerged in this field [18–21].

PCa Lesion Detection for FT

Despite the ongoing controversies surround-
ing eligibility criteria for FT, the principle 
that underlies proper patient selection is the 
accurate detection and localization of clini-
cally significant PCa lesions, or index lesions, 
as stated previously. The use of MRI, targeted 
fusion biopsy, and transperineal template 
mapping (TPM) studies has increased our 
ability to both detect and localize PCa lesions 
[22–26]. The use of MRI as both a screening 
and surveillance tool in the management of 
PCa has dramatically increased in the past 
two decades: some centers report almost 
500% increase in prostate MRI use over the 
course of 2 years [27]. Such widespread use is 
a result of continuous technological advances 
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that allow for improved detection and char-
acterization of clinically significant PCa. 
Indeed, a recent systematic review of the use 
of MRI alone for the detection of clinically 
significant PCa lesions reported overall accu-
racy, sensitivity, and specificity values of MRI 
in the range of 44–87%, 58–96%, and 23–87%, 
respectively. In addition, the negative pre-
dictive value of MRI reaches 95% in some 
reports [23,28]. Furthermore, dominant 
lesion appearance on MRI is a biomarker 
predicting post-intervention disease-free 
survival, both after radical prostatectomy 
and after HIFU ablation [29–32].

Beyond screening and surveillance, MRI‐
fusion targeted biopsy is increasingly being 
used to optimize the detection and localiza-
tion of PCa lesions. MRI‐fusion biopsy has 
been shown to increase the detection of clini-
cally significant lesions by at least 33% com-
pared to standard transrectal ultrasound 
guided (TRUS) biopsy while reducing the 
detection of clinically insignificant PCa lesions 
[26,33–35]. In fact, a recent consensus state-
ment from the American Urologic Association 
(AUA) and Society of Abdominal Radiology 
(SAR) concluded that PIRADS three to five 
lesions on prostate MRI in the setting of a 
prior negative prostate biopsy warrants an 
MRI‐ultrasound fusion biopsy (rather than a 
standard TRUS biopsy), where available [36].

For true FT ablation—that is, with the goal 
of ablating a single index lesion—accurate 
localization of the latter is critical. TPM 
biopsies, which combine MRI, TRUS, and a 
transperineal template biopsy, boast sensitiv-
ity and negative predictive value (NPV) of up 
to 95% for lesions 0.5 cm3 or greater in vol-
ume [20,37–39]. This technique is, therefore, 
suggested by most consensus groups as the 
gold standard for most accurate detection 
and localization of PCa lesions in patients 
undergoing FT [28,40,41]. However, this 
biopsy technique requires a general anes-
thetic, is time consuming, and is largely 
dependent on the skillset of the individual 
performing the biopsy. At present, it is not 
the current standard of care for the diagnosis 
of PCa, nor is it the standard biopsy approach 

in most studies on FT; it is largely reserved 
for clinical trials and large academic centers.

Follow up after FT

After a focal ablative energy in some form is 
delivered to a region of interest within the 
prostate, the ablated tissue and surrounding 
healthy tissue remain within the patient. 
Therefore, unlike surgical extirpation or 
whole‐gland radiation, the oncologic efficacy 
of the therapy relies on a repeat biopsy of the 
treated area. Whereas the PSA can reliably be 
monitored after whole‐gland therapy, there 
are no established PSA reference values or 
nadir after FT by which to reliably determine 
a curative treatment. Furthermore, the effect 
of each different ablative modality of FT on 
the PSA can vary, as can the area of the pros-
tate tissue treated. Therefore, as important as 
accurate localization of a PCa lesion for FT 
ablation is, the same must be underscored for 
accurate posttherapeutic biopsy of  a treated 
area to confirm efficacy of a treatment.

Tissue‐Preserving FTs

As mentioned, there are a number of focal 
ablative modalities. The underlying principle 
behind each therapy is the delivery of a lethal 
dose of energy to a particular area of tissue, 
resulting in necrosis of that tissue while sparing 
the surrounding healthy tissue. Each therapy is 
considered minimally invasive, indeed against 
the comparative RP for PCa and can be deliv-
ered in the primary setting or as salvage ther-
apy. In the remainder of this chapter, we review 
cryotherapy, HIFU, IRE, focal brachytherapy, 
and briefly RFA, PDT, and LITT.

Cryotherapy

Cryotherapy is one of the oldest focal ablative 
techniques that induces cell death by pro-
ducing extreme hypothermia of the targeted 
tissue. It was originally developed in the 
1960s and approved by the Food and Drug 
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Administration (FDA) in 1999 for primary 
treatment of PCa [42]. Under general anes-
thesia, probes are placed transperineally 
under TRUS guidance into an area of interest 
based on preoperative mapping or biopsy 
studies. The probes then generate two freeze‐
thaw cycles. During the freeze cycle, com-
pressed argon gas freezes the tissue to a 
minimum of –40° C (the lethal temperature 
for PCa cells is –20° C), resulting in irrevers-
ible cell death. Helium gas then warms the 
tissue in a cyclic manner to complete the 
freeze‐thaw cycle. A warming urethral cath-
eter is placed at the start of the procedure to 
protect the urethra and external sphincter 
[43]. The mechanism of action for cryother-
apy appears to be a multifactorial; apoptosis, 
cytolysis, osmotic injury, and vascular dam-
age are all thought to contribute.

The potential complications of cryotherapy 
include erectile dysfunction, incontinence, 
urethral stricture, and rectal injury. Although 
previous cryotherapy probes were large and 
afforded little to no intraoperative control, 
more recent third‐generation devices have a 
number of features to minimize the morbidity 
associated with this treatment. For example, 
thin warming needles inserted between the 
prostate and rectum limit the potential for rec-
tal injury. Furthermore, the probes consist of 
smaller gauge needles, resulting in smaller ice‐
ball formation, which is monitored through 
thermocouples inserted into the prostate, rec-
tum, and occasionally near the sphincter.

Primary Focal Cryotherapy

Primary focal cryotherapy developed after the 
initial approval and use of whole‐gland cryo-
therapy. Among the nearly dozen or so studies 
that have reported on focal cryotherapy, the 
anatomic zones of ablation include both 
hemiablation (unilateral lobar) and true “focal” 
cryotherapy. Systematic reviews, therefore, tend 
to lump these two approaches together when 
reporting overall outcomes for this approach.

Results from the largest series derive from 
a large database, the CRYO online database 
(COLD), in which 1,160 men underwent 

focal primary cryotherapy (both targeted 
and hemiablation) [44]. As evidence of a 
growing interest in FT for PCa, the study 
witnessed a significant increase in the per-
centage of patients enrolled who elected for 
FT (rather than whole‐gland cryotherapy), 
increasing from 2.1% of participants at the 
start of the study to 38.2% and rising in the 
final 2 years of patient enrollment.

Mean age of this cohort was 67.8 years, 
mean follow up 21.1 months, and mean pre-
treatment PSA 9ng/mL (range <4–20+). 
Pretreatment Gleason score was 6 and 7 in 
74% and 21% of patients, respectively. The 
biochemical disease‐free survival (BDFS) 
using ASTRO criteria (3 PSA rises after 
nadir) at 12, 24, and 36 months postproce-
dure was 80.7%, 75.7%, and 75.7%, respec-
tively. Among those men who underwent a 
postprocedural biopsy, positivity rate was 
43%, representing 3.7% of the entire cohort 
[44]. Regarding functional outcomes, new 
onset urinary incontinence and erectile dys-
function (ED) were noted in 1.6% and 41.9% 
of men, respectively. It is important to note 
that the functional data are limited by a lack 
of standardized patient reported outcomes.

The second largest series reporting on focal 
cryotherapy for PCa was a matched compari-
son between 317 men with low‐risk PCa 
(D’Amico criteria) who underwent focal cryo-
therapy (FC) to 317 men from the COLD 
database who underwent whole‐gland (WG) 
cryotherapy [45]. Median age was 66.5 years 
and median follow‐up was 58.3 months. 
Thirty percent and 17% of men receiving WG 
and FC, respectively, underwent a posttreat-
ment biopsy, with positive biopsy results in 
11.6% and 14.5%. Biochemical recurrent 
(BCR)‐free survival rates at 60 months by 
Phoenix criteria were 80.1% and 73% in the 
WG and FC cohorts, respectively, and nearly 
identical by ASTRO criteria. Erectile function 
was preserved in 46.8% and 68.8%, respec-
tively, of men in the WG and FC groups, and 
continence rates were 98.7% and 100%, 
respectively. Overall, this trial demonstrated 
comparable oncologic outcomes for low‐
risk PCa treated with FC compared to WG 
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cryotherapy but with improved functional out-
comes at a relatively long period of follow up.

In a recent report, 62 men with low‐risk, 
organ‐confined PCa (defined as Gleason 3 + 4 
or less on TRUS biopsy, tumor burden <50%, 
and PSA <10 ng/dL) diagnosed on three‐
dimensional (3D) mapping biopsies underwent 
focal cryotherapy with median follow up of 
28  months [46]. A posttreatment biopsy was 
performed in all patients at 1 year. From an 
oncologic standpoint, the 1‐year posttreatment 
biopsy was negative in 81% of patients. Among 
those with a positive biopsy, the pathology 
revealed clinically insignificant disease, 
Gleason 6 in one or two cores. The median 
posttreatment change in PSA was a decrease of 
3.0 ng/mL. There was no significant change in 
sexual function, no episodes of incontinence 
and no severe side effects post therapy.

Several smaller retrospective reviews (all with 
n <100 patients) have also reported their results 
with regard to FC for PCa [47–50]. The vast 
majority of patients included have had low‐ or 
intermediate‐risk PCa, and the overwhelming 
majority of studies reported have included a 
hemiablation approach to FC. Among these 
studies, there is inconsistency about the require-
ment for a post‐FC biopsy. However, when per-
formed, rates of positivity for residual significant 
and any cancer remaining in the treated area 
ranged from 0–6.5% and 0–12.9%, respectively. 
Regarding functional outcomes, the data from 
the remaining studies is limited but tends 
toward high rates of potency preservation and 
continence post treatment.

Primary focal cryotherapy has demonstrated 
promising results for oncological control while 
limiting potential morbidity in comparison to 
conventional surgical approaches. However, as 
demonstrated by the data summarized here, 
there is a lack of large or randomized trials 
addressing the efficacy and oncologic out-
comes for primary focal cryotherapy com-
pared to other forms of FT or RP.

Salvage Focal Cryotherapy

Salvage focal cryotherapy has been employed 
as an alternative to WG cryotherapy to reduce 

the morbidity associated with the latter. Li 
et  al. [51] reviewed 91 patients from the 
COLD database with biopsy proven radiore-
current PCa who then underwent focal sal-
vage cryotherapy. Median pretreatment PSA 
was 4.8 ng/dL (0–92.6 ng/dL) and median 
Gleason score was 7. Five‐year BDFS rate was 
46.5%. Postsalvage treatment biopsy positiv-
ity was detected in 4 of 14 (28.6%) patients 
had a positive biopsy. Five patients (5.5%) had 
de novo incontinence requiring the use of 
pads at 12 months, and 10 of 20 patients 
(50%) had preserved erectile function. Among 
major complications reported, there were 
three cases (3.3%) of rectourethral fistula.

In another small series, Abreu et al. [52] eval-
uated 25 patients each who underwent salvage 
FC or salvage WG cryotherapy for radiorecur-
rent PCa. In the FC cohort, median presalvage 
PSA was 2.8 ng/dL and Gleason score was 7. 
Median follow up was 31 months. Eight 
patients (32%) and three patients (12%) had 
biochemical failure (Phoenix criteria) in the FC 
and WG cohorts, respectively. Five‐year BDFS 
rates were 54% and 86%, respectively. New 
onset incontinence was reported in 0 patients 
and 13%, and 2/7 and 0 patients retained their 
precryotherapy potency in the FC and WG 
arms, respectively. Similar results were 
reported by Eisenberg et al. [53] in a series of 
19 men treated with salvage focal cryotherapy 
for radiorecurrent cancer. At 3 years follow up, 
BDFS rates were achieved by 50% and 79% by 
ASTRO and Phoenix criteria, respectively.

Overall, the series assessing focal salvage 
cryotherapy are limited in size and number. 
However, they highlight reasonable oncologic 
outcomes and decreased morbidity compared 
to salvage whole‐gland therapies. There is 
again a need for prospective studies with long‐
term follow up to help delineate appropriate 
patient selection for this therapy.

HIFU

HIFU is a noninvasive technique that 
generates lethal thermal energy to tem
peratures above 60° C via high‐intensity 
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ultrasound waves. Ablation of targeted 
tissue—focal, hemiablation, or hockey stick 
(hemiablation plus dog‐leg contralateral 
lobe) configuration—occurs due to a combi-
nation of coagulative necrosis and internal 
cavitation, which occurs as a result of the 
interaction of water and ultrasound in the 
cells [54]. Preoperative MRI with either 
MRI‐ultrasound fusion biopsy or TPM 
biopsy identifies the lesion(s) of interest, and 
this is fused with real‐time TRUS using HIFU 
software to confirm the zone of ablation 
(Figure  9.1). As ultrasound energy is con-
verted to thermal energy high enough to 
cause coagulative necrosis, “popcorn” or 
Uchida changes of the targeted tissue are 
visualized on ultrasound imaging (Figure 9.2).

HIFU can be delivered to the prostate via 
a transurethral or a transrectal probe, using 
in‐bore guidance and MRI‐TRUS fusion to 
guide and localize the ablative energy, 
respectively. The transurethral form is inves-
tigational at the time of writing this chapter. 
Currently, there are two companies that 
market transrectal platforms for this tech-
nology: Sonacare, Inc., and EDAP TMS. 

Red shaded areas=
treated areas

Treatment zone box

Bright white areas =
treated tissue changes

Figure 9.2  Sonablate 500 linear view displaying real 
time changes due to ablation induced by HIFU. Treated 
Tissue appears white, resembling popcorn [55].

Figure 9.1  Planning software using MRI and ultrasound fusions [55].
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EDAP has created three generations of com-
mercial devices: Ablatherm® Maxis (1993), 
Ablatherm® Integrated Imaging (2005), and 
Focal one® (2013) [38]. Sonacare has devel-
oped and marketed the Sonablate® 500 for 
prostate tissue ablation. Delivery of this 
therapy requires general anesthesia.

While the therapeutic principles behind 
Ablatherm® and Sonablate® 500 are the same, 
there are multiple technical differences 
between the two. In brief, Ablatherm® HIFU 
is a fully‐automated device developed in 
1993 for whole‐gland treatment of localized 
prostate cancer in the primary or salvage set-
ting. It does not require user input during the 
procedure and tends to complete an ablation 
faster than the Sonablate® 500. The Sonablate® 
500, which recently received FDA 501K 
clearance for ablation of prostate tissue, 
requires user input throughout the proce-
dure to adjust power settings and monitor 
the effect of the ablative procedure on pros-
tate tissue, allowing for optimal operator 
control during a procedure [56,57].

HIFU delivery requires considerable exper-
tise; a number of technical aspects and safety 
parameters must be considered. The “heat 
sink” effect refers to the inadequate propaga-
tion of ablative heat to a target lesion from the 
ultrasound transducer due to overheating of 
intervening tissue. This can occur in tissue 
with high water content (cysts or high vascu-
larity) or calcifications. In addition, as the 
rectal wall lies between the transrectal 

transducer and the prostate, great caution must 
be exercised during the procedure to prevent 
overheating of this healthy structure, lead-
ing to potential rectourethral fistulae. The 
Sonablate® 500 includes a real‐time tissue 
change monitor (TCM) to monitor and adjust 
the device settings throughout the procedure 
to minimize this effect (Figure 9.3).

In addition, prostate swelling and shift 
occurs throughout the procedure. Shoji et al. 
[58] discussed the implications of these 
changes on intraprocedural planning and 
monitoring. They found that the median 3D 
intraprostatic shift during a treatment ses-
sion was 3.7 mm with a median total volume 
increase of 13%. In general, smaller glands 
experienced a greater proportion of swelling. 
As a result, the operator needs to monitor 
these changes and continuously modify the 
zone of ablation to ensure optimal ablation of 
the targeted tissue.

Primary Focal HIFU

More than a dozen studies have published 
outcomes of primary focal HIFU for PCa. 
The largest of these trials was recently pub-
lished by Feijoo et al. [59], in which 71 men 
with unilateral clinically localized PCa 
underwent HIFU hemiablation using the 
Ablatherm system. PCa was diagnosed by a 
TRUS biopsy and preprocedural prostate 
MRI was performed in all participants. 
Posttreatment TRUS biopsies were performed 

TCM Color Coding

GRAY

GREEN

YELLOW

ORANGE

Enlarged Sagittal view
During therapy, the display gives the physician enhanced feedback about the change in tissue
at the point where HIFU is delivered. Change in tissue is signi�ed by four different colors.

TCM did not see enough change in the RF signal pre-HIFU vs. post-HIFU. The site
may not have been treated OR tissue at site may have already been changed from
a neighboring treatments – so no large additional change in RF signal could occur
OR some other properties such as near �eld heating or a calcium deposit in the
near �eld may prevent a signi�cant tissue (RF signal) change.

No TCM calculation was made. The RF signal was too small at this site to make a
TCM calculation.

TCM saw a moderate change in RF signal. The site appears to be treated.

TCM saw a larger change in RF signal. The site appears to be treated.

Figure 9.3  Tissue Change Monitor (TCM) from Sonablate 500 [55].
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at 1‐year follow up. At a median follow‐up of 
12 months, 56/67 men had a negative post-
treatment biopsy in the treated lobe. Six men 
had a newly detected cancer in the contralat-
eral, untreated lobe. Median PSA concentra-
tion dropped by 43% at 3 months, and this 
persisted through the follow‐up period. 
Continence was maintained in all patients 
and potency was maintained in 11/21 patient 
with preprocedural potency.

In 2011, a Phase I/II clinical trial reported 
on 20 men with unilateral PCa who under-
went hemiablation using the Sonablate 500. 
One‐quarter had low‐risk disease and three‐
quarters had intermediate‐risk disease local-
ized to one lobe by either TRUS biopsy or 
MRI and TPM biopsy [60]. Posttreatment 
MRI was performed at 1 month and confirm-
atory biopsy of the treated side (and contralat-
eral side if new lesion detected on MRI) at 
6 months. At 12 months, 95% (19/20) of men 
with preoperative erections maintained suffi-
cient rigidity for penetration, 90% were pad‐
free, and PSA decreased by 80% to a mean of 
2.5 ng/dL. Therefore, 88% of the men achieved 
trifecta status at 12 months post therapy.

In 2012, Ahmed et  al. [61] then reported 
their prospective data of 41 men with PCa 
treated with focal HIFU using the Sonablate 
500. Seventy‐three percent of the men had 
intermediate‐ or high‐risk disease diagnosed 
by MRI and TPM biopsies. Up to two target 
lesions were ablated, permitting ablation of 
up to 60% of the prostate in each case. 
Targeted biopsies of the treated areas were 
performed at 6 months, and 30/39 men biop-
sied were negative in the treated zones. Only 
3 men had clinically significant residual dis-
ease (Epstein criteria) and 4 received a sec-
ond focal HIFU treatment. Of the 31 men 
with good baseline function, 26 achieved the 
trifecta: leak‐free and pad‐free continence, 
erections sufficient for intercourse, and no 
evidence of clinically significant disease on 
MRI at 12 months post ablation.

An interesting recent paper compared out-
comes in 55 men with unilateral, clinically 
localized PCa after focal HIFU hemiablation 
to a matched‐pair cohort after robotic‐
assisted laparoscopic prostatectomy (RALP) 

[62]. At a median follow up of 36 months, 
there were no differences between the groups 
for salvage therapy, although 7/55 men in the 
HIFU arm required a second treatment for 
the contralateral lobe for a new cancerous 
lesion. In terms of functional outcomes, 
HIFU was associated with a better and 
faster recovery of continence, a significantly 
lower risk of de novo erectile dysfunction 
after treatment. Although small and non‐
randomized, this trial shows comparable 
oncologic control with unilateral focal HIFU 
to RALP for localized PCa control with sig-
nificantly better functional outcomes.

As this section demonstrates, the literature 
pertaining to outcomes associated with pri-
mary focal HIFU for PCa comprises predom-
inantly proof of concept or prospective 
development studies. These studies are small 
in number (majority fewer than 50 patients) 
and are nonrandomized, noncontrolled tri-
als. Additionally, the data encompass both 
hemiablation and focal ablation, blurring the 
efficacy for each approach. Despite this, the 
evidence to support HIFU as focal therapy 
for PCa in the primary setting is promising.

Salvage Focal/
Hemiablation HIFU

Salvage focal HIFU has been evaluated in a 
handful of small trials for patients with fail-
ure after primary radiotherapy (RT). As an 
alternative to salvage RP, which poses consid-
erable surgical difficulty and potential mor-
bidity, salvage HIFU has been evaluated as a 
less invasive and potentially less morbid 
alternative. Indeed, an acceptable alternative 
would be welcomed given that up to 63% of 
men with PCa recur after external beam 
radiation therapy (EBRT) and require some 
form of additional therapy [63].

Between 2009 and 2012, 48 men who 
developed biochemical failure (Phoenix cri-
teria) after primary RT were prospectively 
enrolled in two European centers. Each 
patient had a positive MRI and >1 concord-
ant positive core confined to one lobe [64]. 
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They then underwent a salvage HIFU 
hemiablation. Disease progression occurred 
in one‐third (16/48) of this high‐risk popula-
tion. Of these 16 patients, 4 developed recur-
rence in the untreated lobe, 4 bilaterally, and 
six men developed metastatic disease. 
Progression‐free survival at 12, 18, and 
24 months was 83%, 64%, and 52%, respec-
tively. Seventy five percent of men were pad 
free and 17% required only one pad per day, 
demonstrating the feasibility of this thera-
peutic alternative with limited morbidity.

An additional small‐scale study by Ahmed 
et al. [65] reported on 39 men with PCa who 
were treated with focal salvage HIFU for 
recurrence after EBRT. Progression‐free sur-
vival was 69% and 49%, respectively, accord-
ing to the Phoenix criteria at 1 and 2 years. 
Erectile function, assessed using International 
Index of Erectile Function (IIEF)‐15 score, 
decreased by a median of 5 points. Pad‐free 
and leak‐free continence rates were 64% and 
42% at 1 and 2 years, respectively.

Similar to the data on salvage focal cryo-
therapy, the data regarding focal salvage 
HIFU for PCa are quite limited. Although 
limited data suggest it has potential as an 
alternative in older patients who are poor 
surgical candidates and that it may be associ-
ated with improved functional outcomes, 
further studies are clearly needed.

IRE

IRE is a nonthermal ablative therapy using 
high‐frequent electric pulses generated 
between electrodes which, above a certain 
electric threshold, induce nano‐size pores in 
the cell membrane leading to apoptosis [66]. 
Under general anesthetic, needles are inserted 
transperineally using TRUS guidance for 
localization. The needles are placed around a 
lesion of interest and a series of electric pulses 
are delivered. Histopathologic slides of IRE 
demonstrate sharp demarcations between 
the treated and untreated tissue [67].

As Figure  9.4 depicts, each electrode 
generates an ablative current with a 5‐mm 

circumferential margin around the electrode 
tip. Therefore, it is possible to accurately pre-
dict and map the therapeutic zone based on 
the placement of the electrodes in relation to 
the target tissue of interest.

Current literature regarding IRE for focal 
PCa ablation is limited. A small pilot study by 
Valerio et  al. [68] evaluated the feasibility, 
safety and toxicity profile of primary focal IRE 
in 34 patients. With a mean age of 65 years, 
71% of men had intermediate‐risk PCA and 
26% had low‐risk PCa confined to an 
index  lesion in one lobe. IRE was delivered 
using the NanoknifeTM system. According to 
the Common Terminology Criteria for 
Adverse Events (CTCE), 14 and 13 patients 
experienced a grade 1 and 2 adverse event, 
respectively. Twenty‐eight patients were fol-
lowed to a median 6 months; all were conti-
nent, and potency was preserved in 24 of the 
25 who had good erectile function prior to 
treatment. The median ablation volume was 
12 mL, and posttreatment MRI displayed 
residual disease in 6 (25%) men. Four (17%) of 
these underwent another form of local treat-
ment. This study is limited by a short duration 
of follow up but, nonetheless, reports promis-
ing functional results in the short term.

This same group recently reported out-
comes on 19 patients who underwent focal 
IRE for an index lesion that was diagnosed by 

Figure 9.4  Schematic diagram of the prostate and 
anterior index lesion (red/central oval lesion). IRE 
needle probes (blue/small dark circles) generate an 
electric current (hollow grey ovals) around the lesion 
resulting in ablation.
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MRI imaging and TPM biopsy [69]. Sixteen 
patients were available for analysis at 1 year. 
All men were leak‐free/pad‐free, and 69% 
had erections sufficient for penetration from 
75% pretreatment. On follow up biopsy, 
61.1%, 5.6%, and 33.3%, respectively, had no 
residual disease, clinically insignificant dis-
ease, and clinically significant disease. This 
trial lends further support for the safety of 
focal IRE. However, given that one‐third of 
patients had clinically significant residual 
cancer on repeat biopsy, the likelihood of 
needing an additional therapy must be taken 
into consideration.

At the time of writing this chapter, a large 
multicenter randomized controlled trial 
investigating IRE for localized PCa in a target 
population of 200 patients is enrolling patients 
(clinicaltrials.gov database registration num-
ber NCT01835977), which is substantially 
larger than the few limited studies published 
to date on this therapeutic approach.

Radiation

There are several modalities of delivering RT 
for the treatment of PCa; low‐dose rate 
(LDR) brachytherapy, high‐dose rate (HDR) 
brachytherapy, EBRT, immunomodulated 
radiation therapy (IMRT), and others. A 
handful of smaller case series have evaluated 
the former two in both the primary and sal-
vage setting of focal therapy for PCa.

LDR brachytherapy involves the insertion 
of radioactive seeds into the prostate using 
TRUS guidance. The seeds then emit radia-
tion to the surrounding prostatic tissue over 
a period of several weeks to months. 
Commonly used radioactive seeds include 
Iodine‐125 (125I), Palladium, and Cesium‐131 
(131C), which have half‐lives of 17, 60, and 10 
days, respectively [70].

Focal LDR brachytherapy involves the 
transperineal insertion of radioactive seeds 
into prostatic tissue containing identified 
lesions while sparing the remainder of the 
gland and further reducing toxicity [71]. In 
HDR brachytherapy, a similar approach is 

used but with very high‐dose radioactive 
seeds that are placed into a lesion of interest 
for a set amount of time and then removed at 
the same session.

Focal treatments with RT are gaining 
momentum in clinical trials due to the grow-
ing emphasis on functional preservation via 
tissue‐sparing approaches [72]. There have 
been a number of technological advances 
over the last decade that make focal radiation 
therapy administered through external deliv-
ery systems a possibility. These include 
intensity‐modulated radiotherapy (IMRT), 
helical IMRT, volumetric‐modulated radio-
therapy, image‐guided radiotherapy (IGRT), 
and stereotactic body radiotherapy. In par-
ticular, stereotactic radiotherapy works by 
real‐time tracking and robotic controlled 
radiation delivery systems that could treat 
focal areas of prostate. Robotic RT tech-
niques (CyberKnifeTM) deliver high‐dose 
hypofractionated, stereotactic RT using a 
robotic arm in combination with intrafrac-
tional prostate motion tracking.

Primary Focal Radiotherapy

In the largest trial on focal brachytherapy, 
Nguyen et  al. [73] used 125I for focal RT in 
318 men with localized Gleason 6 (88%) or 
3 + 4 = 7 (12%), T1c, PCa with a PSA less than 
15 ng/mL. At 5 and 8 years post therapy, the 
PSA failure‐free survival (based on nadir + 2) 
rates in the low‐risk group were 95.1% and 
80.4%, respectively.

Cosset et  al. [74] also conducted a small 
pilot study for LDR focal brachytherapy with 
125I seeds in 21 patients with localized, low‐
risk PCa (Gleason <3 + 4, PSA < 10 ng/mL, uni-
lateral disease) diagnosed by MRI and fusion 
biopsy. A posttreatment confirmatory 
biopsy revealed that only 1 patient (4.8%) 
had evidence of residual cancer; Gleason 6. 
At 6 months, urinary function and erectile 
function was preserved as evaluated by IPSS 
and IIEFF questionnaires. The group 
acknowledged that LDR focal brachytherapy 
had a lower toxicity with regard to urinary 
control and erectile function in comparison 
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to previously reported whole-gland brachy-
therapy at their institution (p = 0.04 and 
p = 0.014, respectively) [74].

Although these initial results for focal 
brachytherapy seem promising, there is a 
need to evaluate the feasibility and functional 
outcomes in a larger cohort with longer fol-
low up.

Salvage Focal Radiotherapy

Focal brachytherapy, rather than WG RT, has 
also been evaluated in the salvage setting. 
The goal of this approach is to achieve the 
same oncologic outcomes as WG salvage 
RT while reducing the potential toxicities of 
the treatment. Peters et  al. [75] evaluated 
20 patients with locally radiorecurrent PCa, 
determined by MRI‐fusion biopsy, who then 
underwent focal brachytherapy with 125I 
seeds for a total focal dose of 144 Gy. Three 
patients subsequently had biochemical fail-
ure (Phoenix criteria) at 36 months follow 
up. De novo grade 1 urinary incontinence 
developed in 4 men (20%). Five men retained 
their potency postsalvage brachytherapy, and 
one patient developed a stricture that was 
successfully treated.

Kunogi et al. [76] also reviewed 12 patients 
with radiorecurrent PCa after primary brachy-
therapy who then underwent focal 125I salvage 
brachytherapy. Focality was determined based 
on mapping biopsy. Although functional out-
comes were not reported, the BDFS rate at 
4  years post therapy was 78%. Similar rates 
were reported by Hsu et al. [77], who delivered 
salvage focal brachytherapy (125I) to 15 patients 
with radiorecurrent PCa. At a median follow 
up of 23.3 months, 2 men (13%) developed a 
local recurrence. PFS rates by Phoenix criteria 
were 100% and 71.4%, respectively, at 1 and 
3 years post therapy. Low rates of toxicity were 
reported, with 33% experiencing grade 2 urinary 
toxicities and 87% of men maintaining erections 
or reporting erections with pharmacologic 
medication.

Focal salvage brachytherapy seems techni-
cally feasible and oncological outcomes seem 
comparable to salvage WG treatment from 

the limited studies available [78]. The toxicity 
of salvage therapy, however, appears to be 
lower than the WG approach, where rates of 
severe (Grade 3) urinary toxicity can exceed 
30% and erectile function impairment can 
exceed this [78,79]. Because there are cur-
rently no guidelines for salvage brachyther-
apy or, moreover, focal salvage brachytherapy, 
further studies are needed to validate these 
findings.

Additional Therapies

Several additional therapeutic approaches 
have been investigated for primary focal 
ablation of PCa; RFA, LITT, and PDT. 
Briefly, RFA is the percutaneous delivery of 
high frequency alternating current (range 
350–500 Khz) across electrodes adjacent to a 
tissue of interest, resulting in heating and 
coagulative necrosis. It has been documented 
in many other organs such as liver, lung, and 
kidney, since the 1990s [80]. To date, there 
has been one small proof of concept trial in 
15 patients evaluating focal RFA for PCa [81].

LITT is a form of thermal energy that uses 
transperineal laser fibers inserted directly 
into prostatic tissue that are directly heated to 
induce coagulative necrosis of the targeted 
tissue [54]. A handful of small studies (fewer 
than 100 patients total) have evaluated this 
therapy with very limited follow up (median 
4.5 months). The presence of significant and 
insignificant cancer on posttreatment biopsy 
was 4.8% and 22.2%, respectively. The data 
are clearly limited and further studies are 
needed to determine the overall impact of 
this approach.

PDT, in comparison to LITT, is a technique 
that uses transperineal lasers to activate 
a  vascular photosensitiviser, which is 
delivered intravenously, within a target area. 
This activation leads to the formation of 
reactive oxygen species, vessel thrombosis, 
necrosis, and apoptosis. A few small pro-
spective development studies have been con-
ducted with median follow‐up of 6 months. 
Mandatory posttreatment biopsy has 
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revealed an average of insignificant cancer in 
45.9% of patients on repeat biopsy [54].

Implications for Research

There are a number of limitations based on 
the current literature available underscoring 
or lack of standards or consensus for the 
delivery of FT, either as a primary or salvage 
therapy, for PCa. Based on the literature avail-
able, there is a glaring lack of randomized 
controlled trials comparing any of the focal 
ablative therapeutic modalities to RP, RT, or 
even to each other. The published trials thus 
far largely comprise observational or small 
pilot studies. To better establish the efficacy 
of any of these therapies or to more clearly 
define the ideal patient for whom to use such 
a therapy, larger randomized controlled trials 
with longer follow up are needed.

There are several unique challenges facing 
researchers in designing future studies to assess 
focal therapy for PCa. First and foremost is the 
lack of standardization regarding a follow‐up 
regimen for patients after focal therapy deliv-
ery. The literature supports the use of a tar-
geted biopsy after ablative therapy and 
histologic review to establish oncologic efficacy 
and tumor ablation. That said, there are no 
clear guidelines regarding the optimal timing, 
focality, and frequency of this posttherapeutic 
biopsy. Furthermore, there is inconsistency 
among the currently available trials with regard 
to the uniformity of performing this.

Beyond the lack of standardization regard-
ing a biopsy protocol, debate exists regarding 
what constitutes significant disease in the tar-
geted lesion. It is known that focal ablation 
leads to distortion of the prostatic tissue and, 
therefore, prebiopsy templates or measure-
ments that were used for the initial diagnostic 
and therapeutic biopsy likely will not be equally 
applicable in the postablation gland. There is 
yet no standard template for how to account 
for this discrepancy in the postablation gland.

Furthermore, as mentioned, the use of PSA 
as a surrogate to assess for such oncologic 
outcomes as biochemical recurrence rate 

(BCR), as is standard after RP or radiation 
therapy, does not necessarily translate to 
equivalent use with focal therapy. Ablation of 
a portion of the prostate, rather than the, will 
not necessarily cause a PSA to decrease to 
zero and, therefore, may not be a reliable 
indicator of oncologic efficacy in focal abla-
tion. The more likely use of PSA kinetics lies 
in a standardized PSA ratio that can be 
derived on a per‐patient basis according to 
the pretreatment PSA, the proportion of 
prostate gland that was treated, and the post-
treatment volume assessed [82].

Finally, as additional well‐designed studies 
are needed to investigate the therapeutic 
modalities addressed in this chapter, other 
novel forms of focal therapy are also emerg-
ing. These include, but are not limited to, 
soluble vascular targeted photodynamic 
therapy (TOOKAD), IRE, RFA, water vapor 
ablation, injectable toxins, and magnetic 
nanoparticle heating [83,84]. The clinical 
utility and efficacy of these, and other forms 
of, focal ablative energy modalities remain to 
be better defined.

Conclusions

Despite the acceptance of tissue‐sparing 
approaches for cancers in most other organ 
systems, the use of subtotal, or tissue‐spar-
ing, therapy for PCa continues to lag. In PCa, 
FT aims to deliver ablative energy via a vari-
ety of modalities targeted toward an index 
lesion while sparing surrounding healthy 
prostatic tissue. Based on the literature avail-
able, HIFU and cryotherapy have the most 
robust support through a variety of retro-
spective case series, registry cohorts, and 
prospective development trials.

It should be noted again that, whereas ini-
tial studies on FT included only men with 
low‐risk PCa by NCCN guidelines, recent 
years have demonstrated inclusion of 
patients with higher risk and even multifocal 
PCa as more medium‐term data with favora-
ble outcomes are published. Focus on identi-
fication and ablation of the index lesion 
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clearly underlies the foundation of FT and 
should serve as the basis for further studies 
going forward. As described previously, 
there are multiple and specific challenges 
facing clinicians and researchers with regard 
to understanding the long‐term oncologic 
outcomes of these therapies, and their cur-

rent use requires both an understanding of 
the potential benefit but also acceptance of 
these potential limitations. Further studies 
will help to elucidate and establish guide-
lines for optimal patient selection and thera-
peutic modality selection for focal ablation 
for PCa.
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Introduction

The incidence of renal cell carcinoma (RCC) 
has been steadily rising over the past decade 
[1], in large part because of the increased detec­
tion of incidental small renal masses (SRMs) 
on  cross‐sectional abdominal imaging [2]. 
Nephron‐sparing surgery (NSS) has become 
the standard of care for clinically localized T1a 
(<4 cm) SRMs; however alternative treatment 
and management are accepted options in select 
comorbid or elderly patients [3‐5]. Progress in 
technology has led to the adoption of mini­
mally invasive surgical approaches for renal 
tumor excision instead of traditional open sur­
gery, and includes applying laparoscopy and 
robotic‐assisted surgery [6]. Likewise, in‐situ 
alternatives to resection have arisen, includ­
ing ATs such as radiofrequency ablation (RFA), 
cryoablation (CA), microwave ablation, laser 
ablation, radiosurgical ablation (CyberKnife), 
and high‐intensity focused ultrasound 
(HIFU)  ablation; these have been developed 
and administered by  image‐guided  percuta­
neous access or via laparoscopic and minimally 
invasive surgical exposure. The optimal man­
agement approach should be based on clinical 
assessment of both patient comorbidities and 
tumor characteristics, but because SRMs rep­
resent a heterogeneous group of benign and 

malignant histologic entities, they may have a 
variability in clinical behavior that is not 
predictable by conventional imaging or clinical 
staging [7].

Traditionally, all localized solid renal masses 
had been presumed to be RCC and considered 
to have malignant potential, and they had 
been routinely treated with immediate 
surgical excision to address their risk for stage 
progression and metastatic dissemination [8]. 
However, RCC is now recognized as a hetero­
geneous disease process, with a number of 
distinct histopathological subtypes having 
substantial variance in biological aggressive­
ness [8], and the recent identification of 
significant intratumoral molecular level 
heterogeneity in clear‐cell RCC [9] further 
makes difficult predicting tumor behavior 
based on histology alone. Importantly, 
20–25% of SRMs suggestive for malignancy 
are benign [10], even though 5.2% of patients 
with a SRM 4 cm or smaller present with 
metastases [11]. Because no specific computed 
tomography (CT) or magnetic resonance 
imaging (MRI) parameters can conclusively 
differentiate RCCs from benign tumors such 
as oncocytomas [12], renal mass biopsy 
(RMB) is increasingly recommended to help 
define RCC subtype and associated potential 
for aggressive behavior, allowing for a  more 
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rational treatment [8]. RMB is emerging    as 
safe and useful for the preoperative 
identification of benign lesions to avoid 
unnecessary intervention, particularly in the 
older population [13]. Despite the excellent 
results following NSS of SRMs, RCC mortality 
has not improved [14], which has led some to 
suggest many SRMs may be clinically indolent 
and therefore overtreated; this concern for 
potentially unnecessary resection has spurred 
the development of alternative treatments for 
select patients with SRM having significant 
medical comorbidities, in particular, mini­
mally invasive in‐situ AT. Herein we review the 
modern basis for nephron preservation in 
patients with RCC, identify challenges posed by 
biologic heterogeneity, highlight the evolving 

role of RMB, and discuss the roles of partial 
nephrectomy (PN) and tumor ablation.

Principal Treatment Options 
for SRMs and the Basis 
for Nephron Preservation

Treatment options for SRMs include PN, radi­
cal nephrectomy (RN), minimally invasive AT, 
and active surveillance (AS; Table  10.1). 
Randomized controlled trials comparing the 
results of different treatment options for SRMs 
are lacking, and so the assessment of outcomes 
is based largely on observational studies [6]. 
Historically, RN was considered the gold 
standard treatment for patients with a SRM. 

Table 10.1  Indications and Contraindications of Treatment Options for Small Renal Masses.

Indications Contraindications

Active 
Surveillance

●● Severe renal dysfunction
●● Elderly, severe medical comorbidities, high 

surgical risk (limited life expectancy)
●● Refusal of active treatment
●● Biopsy confirmed benign disease (relative)
●● Consideration of initial AS for incidentally 

detected SRMs followed by treatment only for 
those that show progression (emerging)

●● Unwillingness to comply with a 
strict radiologic follow‐up

●● Healthy young patients (relative)

Ablative 
Therapy

●● Elder, comorbid patients at high surgical risk 
who desire active treatment

●● Baseline renal dysfunction, solitary kidney
●● Informed younger patients who refuse surgery
●● Renal mass in a renal remnant (postsurgical)

●● Healthy young patients (long‐term 
oncologic efficacy data lacking)

●● Severe, irreversible coagulopathy
●● Hilar tumors close to collecting 

system, ureter
●● Infiltrative tumors
●● Irregularly shaped tumors
●● Unwillingness to comply with a 

strict radiologic follow‐up
Partial 
Nephrectomy

●● Enhancing solid/cystic renal mass when 
technically feasible

●● Young, healthy patients
●● Hilar tumors
●● Need for nephron preservation

●● Severe, irreversible coagulopathy
●● Previous multiple abdominal 

surgeries (relative)

Radical 
Nephrectomy

●● T1a renal mass for which PN is not technically 
feasible

●● ≥T1b renal mass (relative)
●● Comorbid patients at high surgical risk (relative)

●● Solitary kidney (relative)
●● Healthy young patients with T1a 

renal mass amenable to PN

AS, active surveillance; PN, partial nephrectomy; SRMs, small renal masses.
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However, over the last few years, accumulating 
evidence of oncologic equivalence, improved 
renal functional preservation, and acceptable 
morbidity have led to the increased use of PN 
instead of RN for localized unilateral RCC in a 
patient with a healthy contralateral kidney [6].

Comparative Effectiveness 
of Radical versus NSS

More frequent abdominal imaging has led to 
significant downward stage migration and 
smaller tumor size at diagnosis for patients 
presenting with localized RCC. In fact, inci­
dental Stage Ia tumors now account for the 
vast majority of new RCC cases [2]. 
Observational studies from institutional and 
administrative data sets demonstrate equiva­
lent oncological outcomes for SRMs treated 
either by RN or PN but suggest superior 
renal function and overall survival in cohorts 
undergoing PN [15,16]. Additionally, several 
large retrospective series report a correlation 
between improved renal function, reduced 
risk of cardiovascular events, and superior 
survival with renal preservation [16–20]. 
Because of this perceived benefit, current 
guidelines recommend PN for T1 tumors 
when technically feasible [3,4,21] and 
increasing NSS use reflects adoption of these 
management recommendations.

Impact of PN and RN on Survival

Chronic kidney disease (CKD) is currently 
defined as a glomerular filtration rate less 
than 60 mL/minute/1.73 m2 for more than 
90 days. The development of CKD is associ­
ated with an increased risk of cardiovascular 
events and all‐cause mortality in large popu­
lation‐based studies, even when controlling 
for measured and unmeasured confounders 
[22–24]. A systematic review and pooled 
meta‐analysis comparing approximately 
40,000 patients undergoing RN and PN 
revealed that in preselected patients PN is 
associated with a 19% lower risk of all‐cause 
mortality, attributed to a 61% lower risk of 
development of severe CKD [25,26].

Despite numerous retrospective observa­
tional data suggesting superior outcomes for 
patients with SRM undergoing PN, the 
quality and validity of these data are ques­
tioned [25]. For instance, a meta‐analysis of 
the available data reveals a paradoxical 29% 
cancer‐specific survival (CSS) advantage to 
PN over RN, indicating significant selection 
bias is inherent within these cohorts [25]. 
Meanwhile, available Level‐1 evidence dem­
onstrates that RN is non‐inferior to elective 
PN in patients with a normal contralateral 
kidney; the EORTC Phase III trial prospec­
tively randomized 541 patients with a normal 
renal function and a 5 cm or less renal mass 
to PN or RN [27]. An unanticipated overall 
survival benefit for RN was observed at a 
median follow‐up of 9.3 years on an intention‐
to‐treat analysis. No significant difference 
was seen in CSS between PN and RN, so the 
observed survival advantage with RN could 
not be attributed to differences in kidney 
cancer mortality. Although NSS substantially 
reduced the incidence of moderate renal 
dysfunction (eGFR <60), the incidence of 
advanced kidney disease (estimated glomer­
ular filtration rate [eGFR] <30) and kidney 
failure (eGFR <15) were essentially identical 
to that following RN [26]. Furthermore, in 
these patients with a normal contralateral 
renal unit, initial GFR decline after surgery 
was followed by stabilization of renal func­
tion, such that moderate renal dysfunction 
arising from surgery in these patients was 
not found to be clinically meaningful or pro­
gressive to increasing levels of CKD [26,28].

The EORTC trial (30904) has been criti­
cized, and specific study concerns deserve 
mention. First, the trial was initially designed 
as a noninferiority study and powered to show 
a 10% difference in overall survival at 5 years 
between groups; however, accrual was slow 
and the trial was ultimately closed early 
because of poor enrollment. Second, the 
design of a noninferiority trial is complex and 
is founded on assumptions that are difficult to 
verify directly [29]. Third, the intention‐to‐
treat analysis is typically preferred as the more 
robust analytical framework in a superiority 



Management of Urologic Cancer154

trial but can be biased toward non‐inferiority 
in the setting of considerable patient crossover 
between treatment arms [29]. And fourth, there 
were considerable disparities in baseline 
comorbidities and loss to follow‐up, which 
can increase the similarity between groups 
and bias results toward non‐inferiority [26]. 
Limitations notwithstanding, the EORTC trial 
provides important Level‐I evidence regarding 
the significance of nephron preservation in 
patients with a normal contralateral kidney 
undergoing surgical treatment for SRMs, and 
clinicians should not ignore the important 
implications of the trial because it is unlikely a 
similar randomized trial will be repeated [26].

Rationale for Ablative Therapies

The current versions of both the European 
Association of Urology (EAU) and the 
American Urological Association (AUA) SRM 
guidelines recommend NSS as the standard 
treatment for solitary renal tumors up to a 
diameter of 7 cm, whenever technically feasible 
[3,4]. Given the morbidity associated with PN, 
it may not represent the ideal treatment for all 
patients, especially among the elderly and 
infirm. Several ablative technologies have been 
investigated, including CA, RFA, microwave 
thermotherapy [30], HIFU [31], irreversible 
electroporation [32], and histotripsy [33]. Only 
the first two modalities have achieved wide­
spread use with published reports of short‐ to 
intermediate‐term results; HIFU and the other 
techniques for ATs remain experimental.

The rationale of AT is to effectively treat 
SRMs in patients at high surgical risk but 
with potentially reduced treatment‐associated 
morbidity. Many ATs can be performed percu­
taneously in an outpatient setting, and ideal 
candidates are the elderly and infirm who 
desire active treatment [3]. Patients at risk of 
complete renal loss with surgery, such as those 
with SRM in a solitary kidney and baseline 
renal dysfunction, are also candidates for 
ablation, although long‐term radiographic 
surveillance is required [4]. Contraindications 
to AT include tumors with a low chance of 

successful treatment because of size more 
than 3 cm or location, healthy young patients 
(75 years or younger), the presence of multi­
ple tumors, and irreversible coagulopathy [4]. 
Large tumors (more than 3 cm), hilar tumors 
close to the proximal ureter or central collect­
ing system, or tumors with an irregular 
shape and infiltrative appearance should not 
be recommended for AT because of the 
increased likelihood of incomplete treatment 
and risk of local recurrence [3,4].

CA and RFA

CA is a thermal ablative technique that relies 
on the Joule Thomson phenomenon, whereby 
a highly compressed liquid (argon) expanding 
through a restricted orifice rapidly changes to 
a gaseous state and creates extreme cooling 
(Figure 10.1) [34]. During CA, the extracel­
lular fluid freezes causing increased osmotic 
pressure in the extracellular compartment; 
the resulting fluid shift causes cellular dehy­
dration, accumulation of toxins within the cells, 
change in pH, and protein denaturation [34]. 
Ice‐ball formation also produces mechanical 
disruption of cellular membranes and blood 
vessel walls [35], leading to crystallization of 
the intracellular fluid, as well as endothelial 
damage, which indirectly triggers ischemia, 
thrombosis, and coagulative necrosis and 
these effects synergize to result in cell death 
[34]. Modern probes are capable of creating 
ice balls of widely varied sizes (3.1   3.6cm to 

Figure 10.1  Cryoablation of a renal mass[59].
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4.5  6.4 cm), but the −40 ° C isotherm, the 
zone of lethal treatment, is generally smaller 
[35]. Therefore in clinical practice an ice ball 
formed during CA is usually extended 
5−10 mm beyond the tumor edge to ensure 
coverage of the target area falls sufficiently 
within the −40 ° C isotherm. A double freeze‐
thaw cycle is associated with greater clinical 
efficacy compared to a single cycle [36], and 
renal CA can be performed either laparo­
scopically or percutaneously.

Like CA, RFA is performed percutaneously 
or laparoscopically, and the approach 
depends on the condition of the patient, 
tumor location, and provider preference [37]. 
Currently there is insufficient evidence to 
indicate one approach as the ideal method. 
RFA uses high‐frequency monopolar alter­
nating current delivered directly to the target 
tissue to generate thermal damage by con­
verting radiofrequency waves into heat [38]. 
When tissue reaches temperatures >60 °C, 
thermal dessication and coagulative necrosis 
lead to cell death through irreversible protein 
denaturation and cross‐linking [38]. The 
effectiveness of RFA depends on both the 
temperature and duration of treatment [35]. 
A wide variety of RFA probes are available, 
with single‐needle probes for small lesions, 
multiprobe array electrodes for larger areas 
(3−5 cm), and internally cooled electrodes to 
create the largest ablation volumes [39].

Follow‐up of Renal Ablation

Although no standard post‐CA protocol 
has been universally adopted, CT and MRI 
are commonly used for follow‐up imaging. 
Initially after treatment tumor size may 
increase as a result of peritumoral hemor­
rhage, but tumor periphery can be hard to 
differentiate from surrounding fibrosis and 
stranding [34]. Post‐CA, any enhancement 
10 HU or higher or an interval increase in 
tumor size is suspicious for inadequate tumor 
ablation and local recurrence. On T1‐
weighted MRI, 61% of adequately treated 
tumors are isointense to renal parenchyma, 
whereas 95% are hypointense on T2 [34,40].

Post‐RFA, imaging plays an important role 
in tumor localization, real‐time monitoring 
of the ablation zone, and follow‐up. RFA 
is typically monitored during therapy with 
ultrasound, and ablation zones are seen as 
hyperechogenic areas created by vaporization 
of interstitital fluid. A follow‐up contrast‐
enhanced CT or MRI is typically used after 
RFA to ensure a lack of enhancement within 
the targeted region, and a thin enhancing rim 
representing either inflammation or hemor­
rhagic granulation tissue may be seen in early 
follow‐up [41]. Given the difficulty in deter­
mining the extent of the coagulation zone, 
the goal of RFA is to ablate a 1‐cm margin 
of normal tissue surrounding the tumor on 
all sides; however the concurrent aim for 
preservation of normal surrounding renal 
parenchyma limits margin size [37]. Radio­
logic absence of disease recurrence may not 
serve as a surrogate for clinical cure; 3.6% 
of post‐RFA biopsies are positive 6 months 
following treatment [42].

Outcomes of Renal Ablation

Although some have suggested follow‐up for 
CA, the series is too limited to draw mean­
ingful conclusions about oncological efficacy 
[43]. Intermediate‐term oncologic outcomes 
after CA with follow‐up ranging from 9 to 
36 months report excellent local control 
(95–100%) and CSS (95–100%) in patients 
undergoing treatment of a solitary SRM 
(Table 10.2) [44–46]. Following RFA, short‐ 
and intermediate‐term oncologic outcomes 
reveal recurrence‐free rates of 90–96.8 % 
in  patients with mean tumor volumes of 
2.0–3.2 cm [44]. In the 2009 AUA guidelines 
for the management of clinically localized 
stage I RCC, a meta‐analysis revealed total 
recurrence‐free survival of 87.6% and 85.2%, 
respectively, for CA and RFA with a mean 
follow‐up of 26.2 months and 39.3 months, 
respectively [44]. A recent meta‐analysis of 
20 studies with a total of 457 cases revealed a 
pooled proportion of clinical efficacy of 89% 
(95% CI 0.83–0.94) for CA and 90% (95% CI 
0.86–0.93) for RFA [44].
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Table 10.2 Summary of Patient and Tumor Characteristics and Outcomes of Kidney Mass Ablation.

Study Approach Patients (n)
Mean Tumor  
Size (cm)

Mean Follow‐Up 
(months) Outcome Complications

Psutka et al. [47] Perc RFA 185 3.0 76 Residual disease (13%)
5‐year CSS (99.4%)
5‐year disease‐free survival (87.6%)
5‐year overall survival (73.3%)

None reported

Hegarty et al. [48] Lap CA 161 2.6 36 Residual tumor (1.9%) Urine leak (0.6%)
MI (0.6%)
Pneumothorax (2.4%)
Blood transfusion (2.4%)
CHF (0.6%)

Matsumoto et al. [49] Perc/Lap RFA 109 2.4 19.4 Residual tumor (2.8%) Major (2.8%)
Minor (9%)

Hiraoka et al. [50] Perc RFA 40 2.4 16 Residual tumor (15%) Major (0%)
Minor (3.9%; hematuria, 
perinephric hematoma)

Schwartz et al. [51] Lap CA 85 2.6 10 Complete lesion resolution (97.3%) Bleeding (2.4%)
Bandi et al. [52] Perc/Lap CA 78 2.6 19 Overall survival (88.5%)

CSS (100%)
RFS (98.7%)

Perinephric bleeding (2.8%)
Bowel injury (1.3%)
Persistent disease (5.1%)

Desai et al. [53] Lap CA 78 2.1 24.6 Complete lesion resolution (97%) Pulmonary (5.1%)
Bleeding (1.3%)
Biopsy‐proven recurrence (3%)

Levinson et al. [54] Perc/Lap RFA 31 2.0 60.5 Residual tumor (9.7%) Overall (20.6%)
Mortality (3.2%)
Perirenal hematoma (12.9%)

CA, cryoablation; CHF, congestive heart failure; CSS, cancer‐specific survival; Lap, laparoscopic; MI, myocardial infarction; Perc, percutaneous; RFA, radiofrequency ablation; 
RFS, recurrence‐free survival.
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From a review of 2104 tumors, reported 
overall complication rates range from 0.9% to 
16.2% [34], with hemorrhage (1.1–16.2%), 
perinephric hematoma (1.6–4.4%), and urine 
leak (1.2–7.1%) the most commonly reported. 
Increasing anatomic tumor complexity and 
“nearness” to the renal hilum as objectified 
by R.E.N.A.L. nephrometry score [55] is 
associated with an increased risk of compli­
cations following CA [56]. Following RFA, 
the most‐common minor complication is 
pain and paresthesias at the percutaneous 
probe insertion site, whereas most major 
complications are secondary to thermal 
injury to the renal collecting system (e.g., 
ureteropelvic junction obstruction, urinary 
extravasation). A meta‐analysis of 11 studies 
revealed a complication rate of 19.0% 
(95% CI 0.12–0.27) [43], and renal function 
following RFA is generally unchanged [57].

Unfortunately no prospective trial has 
compared results for RFA compared with CA 
[58]. As opposed to RFA, CA has been shown 
to also be effective in the treatment of tumors 
larger than 3 cm in greatest dimension [59]. 
One potential limitation of RFA is in the treat­
ment of central renal masses, where thermal 
sink effects originating in the highly vascular 
renal hilum can interfere with uniform tissue 
heating [60]. Specifically, conductive tissue 
cooling can occur at the margin of the zone of 
ablation, and local failures can occur in as 
much as a third of such masses [61].

A recent large series demonstrates no clear 
differences between the technologies with 
regard to complication and local recurrence‐
free rates [43,60]. The debate about which 
technology is more effective is essentially 
over, with RFA and CA demonstrating equal 
efficacy and morbidity [62]. Long‐term data 
on oncological efficacy and more rigorous 
head to head trials are needed to establish 
any different role of CA and RFA in the man­
agement of small renal tumors.

Other Ablative Techniques

Several recent studies have assessed the safety 
and efficacy of emerging ablation techniques 

for treatment of SRMs. Microwave ablation 
performed substantially worse than would be 
expected following CA or RFA and should 
not be used routinely for ablation of SRMs 
when these other established techniques are 
available [63,64]. Laser‐induced thermal 
therapy is also experimental, and there are 
currently no long‐term experiences regard­
ing its use for ablation of renal tumors [63]. 
Irreversible electroporation (IRE) is a non­
thermal ablative technique using direct 
electrical pulses to induce apoptosis and 
ultimately cell death in the exposed area [65]. 
Although preliminary results suggest IRE 
induces effective necrosis and is safe in 
humans [65,66], more data on efficacy is 
required before IRE can be endorsed for the 
treatment of SRMs. HIFU is a technique of 
thermal ablation using focused ultrasound 
waves that can achieve a temperature suffi­
cient for immediate thermal destruction 
of  all tissue within the target zone [6,63]. 
Limited clinical data on extracorporeal HIFU 
of SRM show generally unsatisfactory results 
with suboptimal outcomes compared with 
other thermal ablative techniques, and there 
is still no reliable real‐time monitoring dur­
ing the procedure [6,63,65]. Although there 
have been no serious side effects from HIFU, 
it appears to be inadequate, in its current 
state, for treatment of RCC, and it also needs 
to be further evaluated and validated in pro­
spective clinical studies before widespread 
application.

Treatment Trends for Stage I RCC

Increased early detection of low‐stage renal 
tumors has decreased the proportion of 
tumors diagnosed at advanced stages but has 
not altered the age adjusted incidence rate of 
advanced disease [2,67]. With acceptance of 
the oncological safety of NSS and apprecia­
tion of the importance of renal preservation, 
a recent analysis of the National Cancer 
Database revealed rates of NSS continue to 
increase [68]. The rate of PN increased 
more than fourfold between 1993–1995 and 
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2005–2007, from 6.3% to 32.2%, whereas the 
use of total nephrectomy decreased from 
88.3% to 57.7% over the same period [68]. 
A contemporary analysis of the Surveillance, 
Epidemiology and End Result (SEER) data­
base also documented an increase in the PN 
rate as of 2006, up to 45% of cases of 2‐ to 
4‐cm lesions [55]. The use of focal ablation 
has also increased from 1.0% to 6.8% [68], 
and the use of AS varied from 2.9% to 5.1%, 
with no consistent trend in application 
over time. However, management decisions 
reflect patient and tumor characteristics 
that are poorly captured using secondary 
data sources, and contemporary studies 
using administrative or registry data to assess 
national practice patterns inadequately 
reflect case mix and may give biased results 
[69]. Examination of institutional level data 
reveals a decrease in the use of ATs, likely 
because they have been partly supplanted by 
AS in recognition of the limited biologic 
aggressiveness of most SRMSs [69,70].

The Role of RMB

Traditionally, RMB has been used in specific 
clinical scenarios in which a tissue diagnosis 
would obviate surgery, such as renal lym­
phoma, metastatic carcinoma, infection/
abscess, or performed concurrent with ATs 
[8,71]. However, concerns regarding RMB 
safety, diagnostic yield, accuracy, and the 
limited impact of RMB on treatment deci­
sions, based on the perception that all solid 
SRMs have malignant potential and should 
be removed with surgery upfront, have lim­
ited the widespread adoption of RMB. 
However, increasing detection of incidental 
SRMs, development of management alterna­
tives in select patients, and the discovery of 
several effective biologically targeted drugs 
for metastatic disease, have raised the aware­
ness that pretreatment tumor histology can 
be useful and necessary to individualize 
treatment decisions [7]. Increased expertise 
in biopsy performance and pathological 
interpretation of RMB, use of modern biopsy 

techniques, and increasing confidence of 
urologists in using biopsy results to support 
treatment decisions have helped to overcome 
the traditional limitations of RMB and fuel a 
renewed interest in RMB as a routine diag­
nostic tool [7,8,72].

The role of RMB has expanded to include 
the evaluation of complex cystic lesions, 
SRMs 4 cm or smaller, and determination of 
tumor subtype (Table 10.3) [8,73,74]. Because 
clinicians cannot rely on imaging alone to dif­
ferentiate benign from malignant SRM [75], 
RMB can define oncological risk. The largest 
increase in incidentally detected SRMs has 
occurred among patients 70–89 years of age, 
in whom comorbidities are more frequent 
and the risk of competing‐cause mortality is 
higher [76]. Competing‐cause mortality 
increases with older patient age, regardless 
of tumor size [77], and increased comorbidity 
(as measured by Charlson Comorbidity 
Index) is associated with worse overall sur­
vival after standard surgical tumor resection 
[19,78]. For patients who are candidates for a 
wide range of treatment options ranging 
from  AS to AT to PN or RN, RMB can be 
useful in the management of any solid, con­
trast‐enhancing SRMs when the histologic 
diagnosis has the potential of impacting the 
choice of treatment [8]. Importantly, for 
young and healthy patients, RMB is not rou­
tinely recommended because long‐term 
oncologic outcomes of nonsurgical therapies 
are not available, and there may be a risk of 
histologic transformation with a renal tumor 
under prolonged observation [7].

RMB: Safety

RMB is a safe procedure with minimal morbidity. 
Contemporary series reveal overall compli­
cations rates ranging from 1.4% [8,78–86] to 
4.7% [71,87–93], with major complications 
reported in 0.46% [8,79,80,94]. Potential com­
plications of RMB include bleeding, tumor 
seeding, infection, pneumothorax, and arteri­
ovenous fistula [7,8,92]. Most RMB‐related 
complications are minor and related to bleeding, 
but clinically significant bleeding is unusual 
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and almost always self‐limiting. The overall 
estimated risk of tract seeding is<0.01% 
[7,95], and with only a handful of case reports 
documenting its occurrence and no reported 
cases since 1994, tumor seeding should be 
considered anecdotal [74].

RMB: Diagnostic Accuracy 
for Malignancy

The ultimate benefit of RMB is to better and 
more appropriately pair tumor biology to 
treatment, so its value is dependent upon 
the clinical scenario encountered and the 
accuracy of RMB in determination of malig­
nancy and tumor grade. Among recent 
series, diagnostic yield of RMB ranges from 
78% to 100%, while sensitivity and speci­
ficity for the diagnosis of malignancy are 
86–100% and 100%, respectively (Table 10.4) 
[13,79,80,83,84,86,90,96,97]. In a review of 
2474 recent RMB results, PPV and NPV for 
the diagnosis of malignancy were 97.5% and 
82%, respectively, with an overall sensitivity 
of 92.1% and specificity of 89.7% [71]. 

Although the rate of nondiagnostic biopsy 
remains in the range of 10–20%, in patients 
with an initially nondiagnostic biopsy, the 
diagnostic rate on rebiopsy is high, from 
75–100% [79,82,84,86,94,96,98,99].

RMB: Inaccuracy

Inaccurate RMB, including false‐negative 
and false‐positive results, represents the 
most concerning outcome for clinicians. 
Fortunately the rate of false‐negative RMB 
(excluding noninformative RMB) among 
modern series ranges from 0% to 3.8% 
[8,83,109]. Sampling error, tumor necrosis, 
and tumor heterogeneity are responsible for 
most false‐negative biopsy results [88]. 
Smaller tumors can be more difficult to visu­
alize and target [92], but larger tumors are 
prone to sampling error given the greater 
incidence of necrosis [88,98]. In a series of 
115 core RMBs, the false‐negative rate was 
lowest for tumors 4–6 cm in diameter (2.3%), 
compared with small (1–3 cm; 13%) and large 
(>6 cm; 12%) tumors [88]. In a larger series of 

Table 10.3  Current Indications and Contraindications for Renal Mass Biopsy.

Indications

Absolute ●● Indeterminate SRM on abdominal imaging
●● Suspicious renal mass and known extrarenal malignancy
●● Incidentaloma in candidates for AS or ablative therapy
●● Suspected lymphoma
●● Confirm histologic success and monitor for recurrence following thermal ablation
●● Renal mass and febrile UTI, possible abscess
●● Metastatic renal tumor, to select optimal biologic systemic therapy
●● Unresectable retroperitoneal tumors involving the kidney

Relative ●● Uni‐/bilateral multifocal tumors
●● Solitary kidney
●● Medically unfit

Emerging ●● Enhancing SRM
●● Indeterminate cystic lesions
●● Determine histologic subtype in metastatic RCC

Contraindications ●● Coagulopathy (uncorrected)
●● Patients who are not candidates for any type of therapy (surgery, ablation, medical 

therapy) given limited life expectancy

AS, active surveillance; RCC, renal cell carcinoma; SRM, small renal mass; UTI, urinary tract infection.
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345 RMBs, the odds ratio for a diagnostic 
result was 2.3 (95% CI, 1.5–6.3) for each 
1‐cm increase in tumor size [13].

Concern for a coexisting malignancy in 
otherwise benign tumors is also a significant 
barrier to RMB acceptance, undermining the 
validity of RMB and likely deterring its routine 
use [71,110]. Hybrid tumor rates as high as 
27.1% have been reported [110], but this dis­
crepancy stems from the pathological criteria 
used to classify the malignant component, 
and importantly, hybrid tumors are believed 
to be generally nonaggressive [110,111]. 

Collectively, these data suggest that uncer­
tainty regarding hybrid malignant pathology 
coexisting with benign pathological compo­
nents should not deter RMB in efforts to 
minimize overtreatment of SRMs, especially 
in frail and comorbid populations [111]. 
Finally, the accuracy of grading renal cell 
cancers with percutaneous biopsy is contro­
versial and largely unreliable, with reported 
accuracy for grading ranging from 43% to 75% 
[75,84,90,96,112,113]. Accepting these limita­
tions, a RMB‐directed management algorithm 
has been proposed (Figure 10.2).

Table 10.4  Contemporary Outcomes from Renal Mass Biopsy Series.

Accuracy (%)

Series Tumors (n) Diagnosis Malignancy RCC Subtype Grade Complications (%)

Lebret et al. [100] 119 79 86 86 74* 0
Richter et al. [101] 205 62.4 38.3 NA NA NA
Dechet et al. [102] 100 100 76 NA NA NA
Shannon et al. [103] 235 78 100 98 NA 0.9
Volpe et al. [104] 100 84 100 100 75* 1.0
Veltri et al. [105] 103 100 NA 93.2 NA 5.3
Leveridge et al. [106] 345 80.6 99.7 88 63.5 0.3
Veltri et al. [105] 150 100 NA 93.2 NR 0
Maturen et al. [107] 152 96 Sensitivity 97.7

Specificity 100
NA NA 1.3

Wang et al. [108] 110 90.9 100 96.6 NR 1.8
Restricted to series with at least 100 biopsies performed for brevity

* Classified as low‐ (Fuhrman) grade I/II or high‐ (Fuhrman) grade III/IV.
RCC, renal cell carcinoma.

Renal mass
biopsy

Benign

F/U per MD

Favorable Intermed. Unfav.

<2 cm 2–4 cm

Indeterminate

Repeat
biopsy

TREAT
SURGICALLY

ACTIVE
SURVEILLANCE

Figure 10.2  Simplified biopsy directed 
management algorithm designating 
active surveillance compared with 
treatment based on mass size and 
histological risk category. Reproduced 
with permission from Elsevier[102].
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Challenges Posed by 
Intratumoral Heterogeneity

A potential challenge in the imagined future 
of oncology is its underestimation of 
tumor heterogeneity—not just heterogeneity 
between tumors, which is a central feature of 
the concept of personalized medicine, but 
heterogeneity within an individual tumor 
[114]. Gerlinger et al [9] performed unbiased 
whole‐exome sequencing of multiple primary 
and metastatic RCC tumor sites in several 
different patients to map genetic heteroge­
neity within a single tumor. A majority of 
somatic mutations were not present ubiqui­
tously within a tumor, and branched evolu­
tionary tumor development was evident [9]. 
Approximately two‐thirds of the mutations 
(including point mutations, allelic imbalance, 
and ploidy) that were found in single biopsies 
were not uniformly detectable throughout 
all the sampled regions of the same patient’s 
tumor [9]. “Favorable” and “unfavorable” 
prognostic gene profiles were expressed in 
different regions of the same tumor. Unlike 
previous studies using next‐generation 
sequencing of a single index lesion per 
patient and targeted sequencing of the 
mutated genes in other sites, the author’s 
independently sequenced and validated 
mutant gene expression and altered function 
throughout primary and metastatic sites.

Further, there were widespread alterations 
in the total number of tumor cell chromo­
somes (aneuploidy) and detection of many 
allelic imbalances at the chromosomal level, 
in which one allele of a gene pair was lost 
[9,114]. These imbalances can be the result 
of chromosome loss or gene imprinting 
and may also alter gene expression [114]. 
Convergent evolution was also evident, with 
different tumor regions containing different 
mutations within the same genes. This article 
underscores the importance of dynamic tumor‐
cell functions as the tumor expands and 
evolves [9,114]. Tumor heterogeneity presents 
a considerable therapeutic challenge because 
treatment choices based on a biomarker 
present in a single biopsy specimen may not 

be uniformly valid [115], and genomics 
analyses from single tumor‐biopsy specimens 
may underestimate the mutational burden of 
heterogeneous tumors [9]. Thus, a single 
tumor biopsy, the standard of tumor diagnosis 
and the cornerstone of personalized medi­
cine decisions, might not be representative of 
the entire landscape of genomic abnormali­
ties. Given that selective gene activation 
and inactivation occurs to guarantee tumor 
survival, the genes that are affected by con­
vergent evolution may be suitable targets for 
functional inhibition or restoration. However, 
the concept of directing therapy on the basis 
of genetic tumor markers is probably too 
simple. Reconstructing tumor clonal architec­
tures and the identification of common muta­
tions located in the trunk of the phylogenetic 
tree may be needed, to lead to more robust 
biomarkers and therapeutic approaches [9].

Conclusions

The increased use of imaging has led to an 
increase in the incidence of asymptomatic 
SRMs. Surgical removal with nephron pres­
ervation when technically feasible remains 
the standard of care for management of the 
T1 renal mass. Increased recognition that a 
significant proportion of SRMs are benign or 
low grade with an indolent clinical course 
has resulted in development and increased 
use of less invasive and potentially less mor­
bid treatments. ATs such as CA and RFA are 
an option for treatment of the SRM in older 
patients with significant medical comorbidi­
ties who are poor candidates for standard 
extirpative surgical approaches. ATs may 
offer potentially curative outcomes while 
conferring several advantages over extirpa­
tive surgery, including improved patient pro­
cedural tolerance, faster recovery, better 
preservation of renal function, and reduction 
in the risk of intraoperative and postsurgical 
complications, but until longer‐term efficacy 
data are available, AT should be considered 
a restricted treatment option only for the 
patient at high surgical risk who desires 
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active treatment. Patients considering ATs 
should be informed regarding the risks 
of  local recurrence, the potential need for 
re‐intervention, the lack of consensus regard­
ing radiographic and pathologic parameters 
for treatment success, and for the potential 
for difficult surgical salvage if tumor recur­
rence or progression subsequently occurs.

Novel ATs are emerging, but most remain 
investigational and further study is required 
before they can be advocated for routine 
clinical use. Advances in the understanding 
of the limited biological potential of many 
SRMs, expanding treatment and surveillance 
options for RCC, improved biopsy techniques, 
and the integration of molecular factors into 

prognostic and therapeutic algorithms have 
led to renewed interest in RMB. RMB of 
SRMs can be useful in select patients at high 
surgical risk to support treatment decisions 
and avoid unnecessary surgery. Intratumoral 
heterogeneity presents a considerable thera­
peutic challenge because treatment choices 
based on a biomarker present in a single 
biopsy specimen may not be entirely valid, 
and genomics analyses from single tumor‐
biopsy specimens may underestimate the 
mutational burden of heterogeneous tumors. 
Future studies should be directed at the 
long‐term oncologic efficacy of AT and 
address reliability of radiographic‐based 
metrics as outcome measures.
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Bladder cancer is one of the most frequently 
diagnosed tumor types and accounts for up 
to 70,000 new cancer cases per year and 
approximately 14,000 deaths annually in the 
United States and an estimated number of 
about 166,000 newly diagnosed cases and 
about 59,000 deaths as a result of the disease 
in Europe in 2012 [1,2]. Approximately 70% 
of patients initially present with superficial 
pTa or pT1 tumors. Nonmuscle‐invasive 
bladder cancer (NMIBC) is associated with a 
high recurrence risk, in part because of per-
sistence of lesions following initial transure-
thral resection of bladder tumor (TURBT). 
Furthermore up to 15% of these tumors pro-
gress to a muscle‐invasive stage, depending 
on risk stratification, which is associated 
with a limited 5‐year survival rate [3]. Only 
early diagnosis and complete TURBT can 
potentially prevent progression to a muscle‐
invasive stage, which is associated with 
aforementioned increase in mortality [4]. 
Therefore NMIBC is one of the main health 
problems for modern urology.

Diagnosis, management, and long‐term 
follow‐up of NMIBC requires noninvasive 
imaging and invasive endoscopic monitor-
ing. Healthcare costs associated with follow‐
up endoscopy and TURBT represent about 
71% of bladder cancer expenditures [5]. 
Additionally, these procedures are a substantial 
burden on patients and to healthcare systems, 

contributing to one of the highest lifetime 
costs among the all human cancers [6]. These 
costs are mainly driven low‐ and intermediate‐
risk tumors with a high recurrence rate 
within the first 2 years but a low progression 
rate and, fortunately, a high overall 5‐ and 
10‐year survival rate [7]. Today the diagnos-
tic and therapeutic work‐up of NMIBC is 
mainly based on macroscopic imaging 
derived from conventional white light cys-
toscopy (WLC). Conventional WLC using 
rigid or flexible endoscopes is currently the 
gold standard and will remain a fundamental 
diagnostic tool for the detection and surveil-
lance of patients with bladder cancer, espe-
cially in the outpatient setting.

Precise tumor delineation under WLC 
from normal urothelium is often difficult in 
endophytic and especially in flat tumors 
[3,8]. Conventional WLC TURBT has been 
estimated to overlook 10–20% of papillary 
and 50% of flat bladder carcinoma in situ 
(CIS) lesions [9,10]. Additionally, false‐positive 
results are significantly more frequent under 
WLC resection. Consequently, the goal of 
future endoscopic imaging should be to 
define more specific biological targets, which 
are highly relevant for bladder cancer 
oncogenesis and to obtain detailed bladder 
tumor information. In this scenario, the ideal 
endoscopic modality should be able to 
distinguish between different (benign and 
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malignant) lesions, as well as to characterize 
grade and stage. In the context of maximum 
bladder preservation, adequate visualization 
of the primary tumor and an accurate differ-
entiation of normal from tumor infiltrated 
anatomical layers is urgently needed. Several 
newly developed technologies show promise 
in addressing the acknowledged shortcomings 
of WLC (Figure 11.1).

Augmented Cystoscopy

Macroscopic imaging techniques, such as 
photodynamic diagnosis (PDD) and narrow 
band imaging (NBI) were developed to 
improve TURBT performance. PDD detects 
fluorescent signals from neoplastic tissue 

after  selective accumulation of intravesi-
cal  administrated photoactive porphyrins. 
Exogenous administration of the hexylesther 
(hexaminolevulinate, HAL, HEXVIX®) of 
the  photosensitizing agent 5‐aminolevulinic 
acid (5‐ALA) induces a transient rise in the 
cellular concentration of the fluorescent 
protoporphyrin IX (PpIX), which is more pro-
nounced in urothelial carcinoma. Increased 
intratumoral neovascularization may explain 
the observed accumulation of PpIX in bladder 
tumors; and this hypothesis raises the possi-
bility that photodynamic targeting may 
someday be used therapeutically [11]. PpIX 
biosynthesis by 5‐ALA is closely linked to 
potential metabolic targets to the Warburg 
effect [12]. Today, HAL offers more enhanced 
fluorescence in shorter time and at lower 

Patient with hematuria +/–
positive urine cytology

Cystourethroscopy

Tumor grossly
visible

No tumor grossly
visible

Solitary tumor

Upper tract
workup

Consider biopsies
with PDD

Additionally biopsy all
abnormal-appearing urothelium

suspicious for sessile tumor

Mapping biopsy
not mandated

in all cases

Biopsy prostatic
urethra

Resect all visible
tumor

Resect all visible
tumor

Mapping biopsy:
trigone, dome,
walls, prostatic
urethra AND
upper tract

workup

Negative cytology Positive cytology
Tumor in trigone
or bladder neck,

or multiple tumors

Figure 11.1  Diagnostic evaluation: Hematuria with positive urine cytology.
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concentrations compared to its predecessor 
5‐ALA and is the only approved intravesical 
photosensitizer by the European Union and 
the U.S. Food and Drug Administration (FDA). 
PDD studies have demonstrated improved 
cancer detection, decreased residual tumor 
rates, and increased recurrence‐free survival 
[13–16]. A large prospective randomized 
Phase III trial enrolled 814 patients with 
NMIBC and showed a relative reduction in 
cancer recurrence of 16% during the 9‐month 
follow‐up in the fluorescence arm and in 16% 
of patients at least one additional tumor was 
detected only with PDD guidance [16]. 
In accordance a recent meta‐analysis, including 
12 prospective trials, confirmed an improved 
additional PDD detection rate of 20% for all 
NMIBC and of 39% for CIS lesions [17]. Based 
on these positive results PDD is recommended 
by the European Association of Urology for 
the detection of CIS [8,18].

Conventional TURBT violates the funda-
mental oncologic surgical principle of removing 
en‐bloc tumor resection with a safety margin. 
One of the most promising endosurgical inno-
vations uses transurethral en‐bloc water‐jet 
dissection in combination with PDD to clearly 
define tumor and safety margins. A  30‐bar 
high‐pressure water‐jet injection needle is 
used to raise the bladder mucosa and tumor. In 
this plane, the created liquid cushion enables 
complete and safe en‐bloc electro‐resection. 
The first prospective clinical with 17 included 
patients underlined the technically feasibility 
and safety of tumor resection [19]. The currently 
recruiting HybridBlue‐study will compare 
conventional and hydro‐dissection with 
regard to pathological validity and residual 
tumor rate [20].

NBI is based on an improved contrast 
between abnormal and normal tissue. NBI is 
based on a specific light source that consists 
of two bandwidths (415 nm [blue] and 
540 nm [green]), enhancing the contrast 
between the light absorption of hemoglobin 
in capillaries and nonabsorbing mucosa. 
Because hypervascularity and distinct angio-
genic pathways also differ between normal 
bladder urothelium and superficial and invasive 

tumors, NBI endoscopy may provide enhanced 
visualization without the application of an 
intravesical exogenous contrast agent. NBI is 
only based on the premise of an enhanced 
angiogenesis compared to the surrounding 
normal bladder. Unlike, the contrast‐media–
enhanced tumor delineation of PDD, the inter-
pretation of NBI images relies on the surgeon’s 
ability to recognize changes in the  bladder 
vasculature. The literature on NBI is less 
robust than that available for PDD [21]. 
Recent trials of NBI in the detection of 
bladder cancer reported additional tumor 
detection in up to 41% of patients studied 
[22] and a false‐positive rate of 32% compared 
to WL‐TURBT [21–24].

Fiber‐Optic Probe Technology

Both PDD and NBI are biased by the fact that 
not only tumors, but also regenerating and 
inflammatory cells, show increased angio-
genesis or metabolic changes, leading to 
false‐positive findings. In particular patients 
with concomitant inflammation or scarring 
after surgery often show mucosal lesions 
mimicking urothelial tumors that limit pres-
ervation of normal urothelium.

More detailed information on cellular mor-
phology of suspicious lesions can be provided 
by three new technical innovations: optical 
coherence tomography (OCT), confocal laser 
endomicroscopy (CLE), and Raman spec-
troscopy (RS). OCT, CLE, and RS are based 
on specialized fiber‐optic probes. For image 
acquisition, the endoscopic probe placement 
depends on WLC or advanced cystoscopic 
image guidance to identify areas of interest 
for further characterization.

OCT

OCT uses high‐resolution cross‐sectional 
imaging by measuring the intensity of back‐
reflected infrared light between bladder 
urothelium, lamina propria, and muscularis. 
This technique allows noninvasive exami-
nation of bladder mucosal surface tissue at 
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microscopic (10–20 µm) resolution [25]. 
Small nonrandomized studies showed prom-
ising results for optical “in vivo biopsy,” par-
ticularly for three‐dimensional (3D) OCT, 
with sensitivity and specificity rates as high 
as 92–95% [26].

A small retrospective study reported a 
100% sensitivity and 90% specificity in the 
detection of muscle‐invasion in seven lesions 
of 32 patients with bladder cancer [25].

CLE

CLE is also a probe‐based imaging technol-
ogy that enables real‐time in vivo micros-
copy. CLE has the highest resolution 
(2–5 µm) in microarchitecture and cellular 
imaging. CLE technique requires an exoge-
nous contrast agent. Fluorescein, which is an 
FDA‐approved dye for ophthalmic applica-
tions is most commonly used intravenously 
or intravesically. The CLE probe uses a low‐
power laser light to illuminate tissue by direct 
contact and records reflected light as video 
sequences. CLE is currently approved for 
clinical use in the gastrointestinal and res-
piratory tracts. In bladder imaging, intravesi-
cally administered Fluorescein rapidly stains 
the extracellular matrix with minimal sys-
temic toxicity [27]. The largest feasibility 
study included 66 patients and demonstrated 
distinct differences between normal mucosa 
and bladder cancer tissue [28].

RS

RS is based on the Raman Effect or inelastic 
scattering that examines the interaction of 

light with molecular bonds. Raman molecular 
imaging (RMI) combines the molecular 
chemical analysis of Raman spectroscopy 
with high‐definition digital microscopy 
allowing the visualization of physical and 
molecular tissue architecture [29,30]. Initial 
studies demonstrated high sensitivity and 
specificity rates of RMI for bladder cancer 
detection [30]. RS also diagnosed bladder 
cancer with a high sensitivity (up to 100% in 
high‐grade tumors), and specificity in epithelial 
cells separated from urine samples obtained 
from 340 patients, including 116 patients 
without bladder cancer, 92 patients with 
low‐grade, and 132 high‐grade cancer [30]. 
Additional promising technologies such as 
ultraviolet auto‐fluorescence, multiphoton 
microscopy, or scanning fiber endoscopy 
may further expand this growing armamen-
tarium of novel diagnostic and therapeutic 
tools [31].

Conclusion

The development of adjuncts to diagnostic 
endoscopy presents both physicians and 
patients with the tantalizing possibility that 
the age of molecular surgical guidance has 
arrived. Concerns related to cost of imple-
mentation as well as efficacy and comparative 
effectiveness will require the execution of 
robust clinical trials designed to determine 
whether the promise of early experience will 
translate into the much hoped for medical 
and social benefits of improved bladder 
cancer care.
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Introduction

Adrenal masses are common and may be seen 
in up to 10% of elderly patients undergoing 
diagnostic imaging studies [1]. Although the 
vast majority of these adrenal lesions are 
benign, the probability of malignancy rises 
exponentially if an extra‐adrenal malignancy 
is identified [2–4]. The most‐common malig­
nant neoplasm of the adrenal gland is meta­
static tumor, usually from lung carcinoma, 
renal cell carcinoma, gastrointestinal tumors, 
or melanoma. Although local surgical treat­
ment of adrenal metastasis remains contro­
versial, in selected patients with isolated 
adrenal metastatic disease, adrenalectomy has 
shown improved survival [5–7]. The most‐
common primary adrenal neoplasm is non­
functioning adenoma, with other primary 
adrenal tumors being myelolipomas, cortisol‐
producing adenomas, aldosteronomas, 
pheochromocytomas, and adrenocortical car­
cinomas. Although nonfunctioning adenoma 
and myelolipomas generally require no 
treatment, functional adrenal tumors and 
adrenal cortical carcinoma are typically 
treated with surgical resection. Adrenal corti­
cal carcinoma is a rare tumor that responds 
poorly to chemotherapy or radiation therapy, 
and therefore surgery is the preferred method 
of treatment; unfortunately, repeat surgery is 

often needed because of local recurrence 
and metastases [8].

Although surgical resection is the current 
standard treatment for both primary and 
selected metastatic adrenal tumors, patients 
who are not operative candidates or who 
have failed surgery may undergo alternative 
treatments including arterial embolization, 
ethanol ablation, and thermal ablation. The 
focus of this chapter will be on percutaneous 
image‐guided thermal ablation of adrenal 
malignancies.

Clinical Results

Image‐guided percutaneous thermal ablation 
is a minimally invasive procedure that is used 
in the treatment of selected adrenal malig­
nancies. Many studies in the literature have 
demonstrated the effectiveness and safety of 
percutaneous adrenal tumor ablation in the 
management of both primary and metastatic 
adrenal tumors. The earliest studies of thermal 
ablation in adrenal malignancies were per­
formed using radiofrequency ablation (RFA) 
or cryoablation, and more recently, microwave 
ablation.

The first reported study of thermal ablation 
of the adrenal tumors was in 2003 when Wood 
et  al. used RFA to treat 15 adrenocortical 
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carcinoma recurrences or metastases with a 
mean tumor size of 4.3 cm (range of 1.5–9 cm) 
[9]. After a mean follow‐up of 10.3 months, 
only 3 of the 15 ablated tumors demonstrated 
interval growth. Further studies by Mayo‐
Smith et  al. [10] and Carrafiello et  al. [11] 
corroborated the effectiveness of percutaneous 
image‐guided RFA for the treatment of adre­
nal metastases (see Table 12.1). In the largest 
reported single‐institution study of image‐
guided thermal ablation of adrenal metasta­
ses, Welch et  al. treated 36 tumors with a 
curative intent and one 8.2‐cm tumor with 
planned cryoablation debulking for palliation 
[12]. In the Welch et  al. study, the adrenal 
metastases had a mean size of 3.0 cm with 
range of 0.8–8.2 cm. Percutaneous computed 
tomography (CT)‐guided cryoablation was 
performed in 27 tumors and RFA in 10 
tumors. Technical success was achieved in 35 
(97%) tumors. After a mean follow‐up of 
22.7 months, local recurrence occurred in 
only 8.8% of tumors. Among the thermal abla­
tions performed in the 12 patients with soli­
tary metastatic disease (only adrenal gland), 
there was no local tumor recurrence, and 
furthermore 6 of 12 patients were cured of 
their overall disease at a mean follow‐up of 
29.8 months.

Early clinical results for microwave 
ablation of adrenal malignancies are also 
promising [13–15]. In the study by Li 
et  al., CT‐guided percutaneous microwave 
ablation resulted in local control in 9 of 
10  tumors after a mean follow‐up of 
11.3 months [13]. One case of residual tumor 
at 1‐month follow‐up was successfully 
retreated with repeat microwave ablation. 
Wolf et  al. reported microwave ablation 
and   radiofrequency ablation in 20 adrenal 
metastases and three hyperfunctioning 
adrenal tumors, with a 83% local recur­
rence‐free survival at 45‐month mean 
follow‐up [14]. Additional long‐term clinical 
trials are needed to properly evaluate the 
role of the various thermal ablative modali­
ties (i.e., RFA, microwave ablation, and 
cryoablation) in the treatment of adrenal 
malignancies.

Preprocedural Evaluation

A multidisciplinary team comprising of 
surgeons, oncologists, endocrinologists, and 
interventional radiologists is required to 
properly evaluate a patient before percutane­
ous image‐guided thermal ablation of adrenal 
malignancies. The indications for ablation 
include patient medical comorbidities, 
patient’s refusal to undergo surgery, unre­
sectable tumors, and recurrent tumors that 
have failed multiple surgical resections. 
Preprocedural cross‐sectional imaging with 
contrast‐enhanced CT or magnetic reso­
nance imaging (MRI) is obtained to assess 
the tumor size, tumor location, and optimal 
approach to the tumor. A thorough history 
and physical examination as well as pertinent 
blood work, including internalized normal­
ized ratio (which should be less than 1.5) 
and platelet count (which should be greater 
than 50 × 109/L), as well as serum and urine 
biochemical assays should be performed for 
functioning tumors.

Preprocedural biopsy may be indicated 
depending on the clinical scenario. In cases 
of new or enlarging adrenal lesions or posi­
tive positron emission tomography (PET)/
CT findings, image‐guided ablation without 
a biopsy may be reasonable [16]. Alternatively, 
because adrenal tissue is not removed during 
an ablation, preablation biopsy may be 
needed to avoid unnecessary treatment of a 
benign lesion. However, the biopsy itself can 
induce a hypertensive crisis, especially in the 
case of a suspected pheochromocytoma. 
As such, it would be prudent in the work‐
up of an uncertain adrenal mass to obtain 
urine  biochemical assay because a positive 
catecholamine would preclude a biopsy.

Patients undergoing adrenal thermal abla­
tion may release catecholamines during the 
procedure leading to a hypertensive crisis. 
To prepare the patient for a potential hyper­
tensive issue during an adrenal ablation, con­
sultation with an endocrinologist is helpful 
to consider preprocedural adrenergic block­
ade with alpha‐blockers [17,18]. Because 
alpha‐blockade is associated with tachycardia, 
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Table 12.1 Selected Studies of Image‐Guided Thermal Ablation of Primary and Metastatic Adrenal Malignancies.

Study
Thermal Ablation 
Type Tumor Type

Tumor Size Mean 
[Range] (cm)

Mean Follow‐Up 
(months)

Local Residual and 
Recurrence Rate (%) Complication

Wood et al. [9] RFA 15 adrenocortical carcinoma 
recurrences or metastases

4.3
[1.5–9.0]

10.3 20 No major complications

Mayo‐Smith 
et al. [10]

RFA 11 metastases, 
1 pheochromocytoma, 
1 aldosteronoma

3.9
[1.0–8.0]

11.2 15.3 1 small hematoma; 
no hypertensive crisis

Carrafiello 
et al. [11]

RFA 6 metastases 2.9
[1.5–4.0]

21 0 1 hypertensive crisis

Li et al. [13] Microwave 8 metastases, 1 primary 
adrenocortical carcinoma

3.8
[2.1–6.1]

11.3 10 1 hypertensive crisis

Wolf et al. [14] Microwave, RFA 20 metastases, 3 hyperfunctioning 
tumors

4.2
[1.0–8.0]

45.1 17 2 hypertensive crises

Welch et al. [12] Cryoablation, 
RFA

37 metastases 3.0
[0.8–8.2]

22.7 9 16 hypertensive crises, 
1 hemothorax, 1 pleural effusion, 
1 splenic hemorrhage

RFA, radiofrequency ablation.
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many patients require beta‐blockers after ini­
tiation of alpha‐blockers. The premedication 
protocol typically consists of an alpha‐blocker 
(e.g., phenoxybenzamine) with titration of a 
beta‐blocker (e.g., atenolol) 10–14 days before 
the adrenal ablation [19]. Additional pre‐
medication to inhibit catecholamine synthe­
sis (e.g., alpha‐methyl–paratyrosine) may be 
administered before ablation [18]. However, 
many patients who are scheduled for adrenal 
ablation may be normotensive and may be 
unable to have preprocedure alpha blockade 
without developing symptoms. Because of 
the risk of intraprocedural hypertensive cri­
sis, preprocedural consultation with an anes­
thesiologist is also necessary as most adrenal 
tumor ablations are performed under general 
anesthesia with continuous blood pressure 
monitoring using a radial arterial catheter.

Technical Considerations

Imaging guidance during percutaneous adrenal 
ablation is usually provided by CT imaging, 
although ultrasound is sometimes used. CT 
fluoroscopy is also available to guide real‐time 
insertion of ablation probes. MR fluoroscopy 
is a less established technique that has the 
advantage of superior soft‐tissue contrast 
and no radiation dose to the operator. 
Percutaneous adrenal ablation is often per­
formed with the patient in the ipsilateral 
decubitus or prone position. When the 
patient is in the ipsilateral decubitus position, 
the ablation probe is inserted from the pos­
terior approach to access the adrenal tumor. 
The ipsilateral decubitus position com­
presses the ipsilateral lung, which helps avoid 
pulmonary transgression during probe place­
ment; this position also minimizes the crani­
ocaudal motion of the ipsilateral adrenal 
gland from respiratory motion [16]. When 
percutaneous access to the adrenal gland 
cannot be attained without pulmonary trans­
gression, the patient may be placed in the 
prone position. In rare cases, when the 
lung or colon obstructs direct access to the 

adrenal gland, a transhepatic approach may 
be used with caution [20]. To avoid nontarget 
thermal injury to adjacent critical organs 
(i.e., kidneys, stomach, colon, liver, pancreas), 
hydrodissection may be used. During hydro­
dissection, a percutaneous needle is used to 
instill fluid between the adrenal gland and 
the critical organ, providing a thermal buffer. 
Nonionic fluid (e.g., 5% dextrose) is used 
for  hydrodissection during radiofrequency 
ablation, whereas normal saline should be 
avoided because of its electroconductive 
properties. Contrast may also be mixed with 
the instilled fluid to differentiate the imaging 
appearance of the fluid from the ablation 
zone [21].

Currently, the thermal ablative techniques 
used in the treatment of adrenal tumors are 
RFA, cryoablation, and microwave ablation. 
As the first thermal ablative therapy to be 
widely used, RFA is the most studied.

RFA

RFA uses electromagnetic energy of a spe­
cific range, usually 375–500 kHz, to generate 
electric current directly to induce thermal 
destruction of tumor [22]. In the monopolar 
form of RFA, an active electrode is placed 
into the tumor under image guidance. A 
grounding electrode is placed on the thigh to 
complete the closed circuit. A radiofrequency 
generator is connected to the active and 
grounding electrodes, and a voltage gradient 
is applied, resulting in an oscillating electric 
field to produce frictional heat [23]. Tissue 
heating to a temperature greater than 60 ° C 
leads to immediate cell death secondary to 
coagulation necrosis (see Figure 12.1) [22].

There are a varying number of RFA devices 
currently on the market. These devices vary 
by utilization of local temperatures or 
impedance as the endpoint of ablation. 
Configuration and probe design also varies 
with some designs, such as the Starburst 
(Angiodynamics, Latham, NY) that deploy 
multiple tines from the main electrode shaft, 
to single shaft designs. Other devices, such as 



Image-Guided Thermal Ablation of Adrenal Malignancies 179

the Cool‐tip device (Covidien, Boulder, CO) 
uses a single or “triple” cluster electrode that 
is perfused with cold saline or water pumped 
internally; this mechanism is thought to 
distribute tissue heating to reduce charring.

A stepwise RFA protocol for pheochromo­
cytoma metastases has been described by 
Venkatesan et  al. using a Covidien ablation 
device and may be used to help control the 
release of catecholamines to prevent a hyper­
tensive crisis [24]. The key to the stepwise 
protocol is time separation of 10–60 seconds 
between steps. In response to RFA‐associated 
hemodynamic changes, this brief pause 
allows the physicians to make pharmacologic 
adjustments (e.g., nitroprusside drip, labetalol, 
nitroglycerine); therefore, close communication 
between the operator and the anesthesiolo­
gist is required throughout the procedure. 
The stepwise RFA protocol is as follows: 
place the RFA probe into the tumor; after a 
pause of 10–60 seconds, apply an initial 
0.1 Amp (A) current for a duration of 10 sec­
onds; after a pause of 10–60 seconds, gradual 
increase the current until a continuous 
current of approximately 0.1 A is tolerated 
by  the patient without arterial pressures 

increases greater than 200 mm Hg systolic. 
Next, current increases in 0.1 A increments 
are applied; each separated by pauses of 
10–60 seconds to allow for evaluation of 
hemodynamic changes and pharmacologic 
manipulations. This incremental process of 
gradually increasing the current is immedi­
ately terminated if the mean arterial pressure 
increases 10–20 mm Hg greater than the 
baseline. The endpoint is reached when the 
patient tolerates a continuous current of 2 A 
for 12 minutes. Postablation intratumoral 
temperature may be measured at the elec­
trode tip to ensure that adequate coagulation 
necrosis has occurred [24]. Because ablation 
of any normal adrenal parenchyma has the 
potential for adrenergic crisis, use of this 
step‐wise protocol should not be limited to 
treatment of pheochromocytoma.

Microwave Ablation

Microwave ablation uses electromagnetic 
energy at a much higher frequency range 
(generally 900–2450 MHz) compared to RFA 
and is thought to create a larger zone of 

(a) (b) (c)

Figure 12.1  Radiofrequency ablation. (a) Preablation images demonstrate the target adrenal mass in close 
proximity to the right hepatic lobe. (b) Intraprocedural images demonstrate the ablation probe within the 
lesion. (c) Postablation images, 1 week after ablation, demonstrate heterogeneous density of the target 
adrenal lesion and decreased density in the abutting liver representing the ablation margin. Increased size of 
the lesion in the immediate post‐ablation setting should not be misinterpreted as treatment failure but 
attributed to local inflammation.
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coagulation necrosis more rapidly [25]. 
Unlike RFA, microwave ablation does not 
generate electric current directly but induces 
alternating electric fields that cause highly 
polar water molecules to spin rapidly result­
ing in tissue heating. Compared to RFA, 
microwave ablation can achieve higher tem­
peratures faster and therefore requires less 
time to treat a tumor; some believe less abla­
tion time decreases stimulation of the adre­
nal gland and thereby reduces the risk of 
hypertensive crisis [13]. However, others 
believe more rapid elevation of ablative tem­
peratures may make it more difficult to con­
trol excessive catecholamine release and 
associated hemodynamic changes [26]. Six 
microwave ablation devices are available for 
use, those that are based on a 2450‐MHz gen­
erator (Amica, Hospital Service, Rome, Italy; 
Acculis MTA, Microsulis, AngioDynamics 
Latham NY; Certus 140, Neuwave, Madison, 
WI) and those based on a 915‐MHz genera­
tor (Avecure, Medwaves, San Diego, CA; 
Evident, Covidien, Mansfield, MA; Micro­
thermX, BSD Medical, Salt Lake City, UT). 
The microwave antennae are straight appli­
cators with active tips measuring 0.6–4.0 cm 
in length with smallest available needle 
measuring 17‐gauge. The proximal portion 
of the antennae is cooled with room‐temper­
ature fluid or carbon dioxide to minimize 
damage of skin and tissues.

Cryoablation

Cryoablation uses rapid freezing and thawing 
to cause tumor destruction. Highly pressur­
ized argon gas is used to attain extremely cold 
temperatures as low as –140 ° C based on the 
Joule‐Thomson principle. At temperatures 
less than –40 ° C, cryogenic tissue destruction 
occurs as a result of protein denaturation, cell 
rupture from osmotic water shifts across cell 
membranes, and microvascular thrombosis‐
induced ischemia [27]. A key advantage of 
cryoablation is the easy visualization of the ice 
ball on CT, MRI, or even ultrasound. The abil­
ity to visualize the cryoablative zone with 

respect to tumor margin allows for treatment 
of tumors close  to vital structures  [28]. One 
limitation of cryoablation may be the lack of 
control of catecholamine release once the 
thaw process begins.

Each cryoprobe undergoes a freeze‐thaw‐
freeze cycle to induce thermal coagulation 
while minimizing bleeding. The thaw portion 
of the cycle is achieved using helium and the 
cryoprobe is allowed to reach approximately 
20 ° C. A typical cryoablation protocol 
consists of a 10‐minute freeze of the tumor, 
followed by an 8‐minute thaw, and then a 
10‐minute freeze. Two cryoablation devices 
are available: Cryocare (Endocare, Irvine, 
CA) and Precise (Galil Medical, Arden Mills, 
MN). A cryoprobe measures 1.5–2.4 mm 
in  diameter. One to 15 cryoprobes may 
be placed in a single session with each probe 
achieving thermocoagulation after a single 
freeze‐thaw‐freeze cycle.

Complications

Hypertensive crisis is defined as systolic 
blood pressure greater than 180 mm Hg or 
diastolic blood pressure greater than 120 mm 
Hg [29]. During adrenal tumor ablation, 
hypertensive crisis occurs because of the 
release of catecholamines [17] and has been 
reported to occur in up to 43% of cases [12]. 
In the Welch et al. study of 37 adrenal metas­
tases (no pheochromocytomas), all 16 cases 
of hypertensive crisis were treated success­
fully and resulted in no major complications; 
other complications in this study included 
one case of hemothorax, one case of pleural 
effusion in a patient who received concurrent 
treatment of bilateral adrenal metastases, and 
one case of splenic hemorrhage in a patient 
who received warfarin. Other studies have 
reported lower rates of hypertensive crises 
(see Table 12.1). During cryoablation of adre­
nal tumors, intraprocedural hypertension 
tends to occur during the thaw phase possibly 
because of the release of catecholamines from 
lysed cells [17,28]. In contradistinction, cat­
echolamine release tends to occur during the 
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heating phase for RFA and microwave abla­
tion. This distinction is important as reversal 
of the ablation energy can often temporize 
the problem. For instance, if hypertensive cri­
sis occurs during the active thaw phase of cry­
oablation, rapid refreezing can often limit the 
problem allowing time for pharmacologic 
intervention [30]. In a reported rare life‐
threatening complication during cryoablation 
of an adrenal gland metastasis from lung car­
cinoma, a patient experienced hypertensive 
crisis at the beginning of the thaw phase and 
was eventually diagnosed with Takotsubo 
cardiomyopathy left ventricular dysfunction 
syndrome [31]. Additional uncommon com­
plications include pneumothorax, hemotho­
rax, infection, pain, and small retroperitoneal 
hematoma [10,32,33]. Adrenal function is 
compromised when greater than 90% of the 
adrenal tissue is destroyed. Therefore, adrenal 
insufficiency is an uncommon complication 
of image‐guided ablation [10,16,34]. There 
has not been any mortality attributed to adre­
nal ablation in the literature.

Follow‐up

Although there is currently no standard­
ized follow‐up imaging protocol after adre­
nal ablation, most practitioners generally 

adhere to established algorithms used in 
other organs [35–37]. Baseline imaging 
with contrast‐enhanced CT or MRI is per­
formed within 1 month post ablation with 
subsequent follow‐up imaging at 3‐ and 
6‐ month intervals or 6‐month and 12‐
month intervals depending on the tumor 
type (Figure  12.2). Nodular enhancement 
or interval growth represents residual dis­
ease or local tumor progression, and early 
detection of recurrence is important for 
potential repeat intervention. The short‐
interval postablation imaging appearance 
can be heterogeneous as reported by Brook 
et al. who described the CT appearance of 
14 tumors after RFA. There is variability in 
the ablation zone size response, and 
the  ablated tumor demonstrates slightly 
increased attenuation immediately after 
the ablation that eventually decreases on 
long‐term follow‐up [38]. Air bubbles and 
fat stranding are often seen in the postabla­
tion setting and should not be interpreted 
as super‐infection [38]. For patients with 
functioning tumors, postablation serum 
hormone and catecholamine levels should 
be obtained. Clinical and laboratory fol­
low‐up, in conjunction with imaging find­
ings, can confirm local tumor control and 
guide hormone replacement therapy as 
needed.

(a) (b) (c) (d) (e)

Figure 12.2  CT follow‐up after thermal ablation. (a) Preablation images demonstrate a minimally enhancing 
right adrenal nodule a biopsy proven lung metastasis. (b) Contrast‐enhanced CT 1 month after the ablation 
demonstrates a lesion, which is heterogenous in attentuation owing to postablation change. (c) Three‐month 
follow‐up imaging shows slight decrease in size of the lesion. (d) Eight‐month follow‐up CT shows continued 
decrease size of the lesion with no enhancement. (e) Twelve‐month follow‐up imaging demonstrates a 
non‐enhancing lesion that is further decreased in size. CT, computed tomography.



Management of Urologic Cancer182

Conclusion

Image‐guided thermal ablation is safe and 
effective for the local control of primary or 
metastatic adrenal malignancy. Although 
minimally invasive, thermal ablation of 
adrenal tumors does carry the risk of hyper­
tensive crisis, so patients may require pre­
procedural adrengergic blockade, general 
anesthesia, and intraprocedural arterial 
blood pressure monitoring (such as a radial 
arterial line). Despite these drawbacks, 
percutaneous thermal ablation remains an 
attractive treatment option for patients who 

are high‐risk surgical candidates and cannot 
undergo adrenalectomy. Image‐guided 
ablation can provide local tumor eradication 
with decreased morbidity, and early data 
suggest survival benefit similar to surgery. In 
a recent study of adrenal metastases, image‐
guided ablation was associated with a 
median survival of 34.5 months and local, 
recurrence‐free survival of 88% at 36 months 
[12]. Future clinical studies with long‐term 
follow‐up are  warranted to compare the 
oncologic outcomes among each ablative 
technique and between adrenal ablation and 
adrenalectomy.
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Introduction

Although cancer of the penis is a rare geni­
tourinary malignancy, it frequently presents 
a clinical management dilemma for the urol­
ogist. Factors traditionally influencing this 
effect include delays in clinical presentation, 
diagnostic error, and ambiguous treatment in 
terms of efficacy compared with morbidity. 
Furthermore, the disease itself is recognized 
as having an adverse health and survival risk 
profile. Notwithstanding therapeutic intent, 
prognosis is largely dictated by the patho­
logic stage of the disease, including extent of 
lymph node metastasis, coupled with histo­
logic features of the primary tumor [1–5]. 
Reported 5‐year survival rates are 60–80% 
for patients with inguinal lymph node pro­
gression [1,6,7] and 0–15% when pelvic nodal 
metastases exist [1,8].

Various clinical developments surrounding 
penile cancer have yielded an improved prognos­
tic outcome for this disease. Advances in staging 
in such areas as imaging techniques, lymphatic 
mapping, and surgical biopsy procedures have 
improved staging accuracy and guided treatment 
planning. Advances in therapeutic modalities 
have also been auspicious. Owing to biomedical 
and technological progress, therapeutic advance­
ments have occurred or are in progress across all 
modalities of surgery, radiation, and chemother­
apy for this disease.

Surgery is well situated in the management 
of penile cancer, serving several important 
clinical roles. It facilitates successful diagnosis 
and staging, by way of excisional or deep 
biopsy, which are preferable to shave or 
incisional biopsy. For purposes of definitive 
treatment, an array of surgical options offer 
potential ways to eradicate both the primary 
tumor and its spread to regional lymph nodes. 
It is acknowledged that controlled clinical trials 
comparing different treatment modalities for 
treatment of the primary tumor are lacking. 
Nonetheless, surgical management occupies a 
central place in treatment, increasingly aimed 
toward objectives of reducing morbidity and 
preserving function of the penis. Although 
surgical amputation of the primary tumor 
represents the oncologic gold standard for the 
treatment of primary penile cancer, emerging 
opinion holds that organ‐preserving treat­
ment is acceptable and should be sought when 
oncologically feasible to retain quality of life 
and maximize sexual function. Further support 
for this conservative strategy derives from 
analyses indicating that local disease recurrence 
exerts little influence on long‐term survival 
[9]. Innovative organ‐preserving surgery, as 
well as novel reconstructive strategies, comprise 
this paradigm shift in management.

This chapter serves to present contempo­
rary surgical approaches for managing penile 
cancer, with an emphasis on recent surgical 
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innovations. New developments in schemes 
and techniques of surgery are presented. 
Technological advancements that are imple­
mented in combination with surgical procedures 
are also presented.

Description

Penile cancer comprises benign and malig­
nant tumors of the penis. Squamous cell car­
cinoma of the penis represents the most 
common type of malignant neoplasm 
(48–65% of cases) [10,11]. Its degree of inva­
siveness distinguishes the invasive form from 
its superficial counterpart, termed superfi-
cial carcinoma in situ (i.e., erythroplasia of 
Queyrat, Bowen disease of the penis, or 
intraepithelial neoplasia grade III). Penile 
cancer may also present as a low‐grade non­
invasive malignancy, commonly termed ver-
rucous carcinoma. Other rare types of penile 
cancer include adeno‐ and adenosquamous 
carcinoma, basal cell carcinoma, melanoma, 
sarcomas, Kaposi sarcoma, neuroendocrine 
(small‐cell) undifferentiated carcinoma, 
sebaceous gland carcinoma, and metastases 
from other possible sites (e.g., prostate, blad­
der, colon, or kidney).

Penile cancer features several commonly 
associated precursors or risk factors, includ­
ing phimosis, poor penile hygiene, presence 
of foreskin, genital viral infections (i.e., 
human papilloma virus 16, 18, and 33; human 
immunodeficiency virus), conditions (e.g., 
leukoplakia, cutaneous horn, Bowenoid pap­
ulosis, lichen sclerosis [balanitis xerotica 
obliterans]), and premalignant lesions (i.e., 
Giant condylomata [Buschke‐Lowenstein] 
and Paget’s disease) [10,11]. Such penile 
lesions must also be noted in the differential 
diagnosis of penile cancer. The presence of 
smegma, desquamated epithelial cells accu­
mulating commonly beneath the prepuce in 
uncircumcised males, represents a risk fac­
tor, although it is not a carcinogen.

Squamous cell carcinoma of the penis 
arises at various possible locations of the 
organ: glans, 34.5%; prepuce, 13.2%; shaft, 

5.3%; overlapping, 4.5%; unspecified, 42.5% 
[12]. Its disease course adheres to a predict­
able pattern of progression. Invasive disease 
represents disease advancement from super­
ficial carcinoma in situ. Thereafter, the can­
cer grows into the skin locally and has the 
potential to invade the corporal bodies before 
subsequently extending into the regional 
lymphatic and nodal system, from superficial 
to deep inguinal lymph nodes and then to 
pelvic lymph nodes, and usually late in the 
course of the disease, it may advance as dis­
tant metastatic disease. Common metastatic 
sites for penile cancer include lung, bone, 
and liver. The extent or stage of disease is 
currently defined by the unified Union 
Internationale Contre le Cancer (UICC) and 
American Joint Committee on Cancer 
(AJCC) TNM clinical classification system, 
which describes the primary tumor, regional 
lymph nodes, and distant metastasis 
(Table 13.1) [5,13,14]. This system is advan­
tageous in including clinical and pathologic 
nodal staging descriptors that enable an 
improved prediction of prognosis and guid­
ance of definitive therapy.

Diagnosis and Staging

As for the evaluation of any disease state, 
careful clinical history taking and performance 
of physical examination are fundamental 
aspects of initial management [10,11]. 
Besides basic queries of the clinical presenta­
tion, such as onset and duration of the condi­
tion, it is paramount to explore the descriptive 
characteristics of the penile lesion including 
its location and its appearance (e.g., indura­
tion, erythema, nodularity, bleeding), as well 
as presence of pain associated with it. 
Precipitating features such as prior genital 
lesions, irritation or trauma, or infections 
should also be explored. Additional inquiries 
as to possible risk factors for penile cancer 
such as presence or absence of foreskin (i.e., 
whether circumcision has been performed), 
sexual practices and number of partners, and 
history of cigarette smoking may also be 
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Table 13.1  NCCN Guidelines Version 1.2014: Penile Cancer.

National 
Comprehensive 
Cancer 
Network

NCCN Guidelines Version 1.2014 
Penile Cancer

NCCN Guidelines Index
Penile Cancer TOC

Discussion

American Joint Committee on Cancer (AJCC)
TNM Staging System for Penile Cancer (7th ed., 2010)

Primary Tumor (T) ANATOMIC STAGE/PROGNOSTIC GROUPS
TX  Primary tumor cannot be assessed Stage 0 Tis N0 M0
T0  No evidence of primary tumor Ta N0 M0
Ta  Noninvasive verrucous carcinoma*

Tis  Carcinoma in situ Stage I T1a N0 M0
T1a � Tumor invades subepithelial connective tissue 

without lymph vascular invasion and is not 
poorly differentiated (i.e., grade 3‐4) Stage II T1b N0 M0

T1b � Tumor invades subepithelial connective tissue 
with lymph vascular invasion or is poorly 
differentiated

T2 N0 M0
T3 N0 M0

T2 � Tumor invades corpus spongiosum or 
cavernosum

T3  Tumor invades urethra Stage IIIA T1‐3 N1 M0
T4  Tumor invades other adjacent structures

*�Note: Broad pushing penetration (invasion) is permitted; 
destructive invasion is against the diagnosis

Stage IIIB T1‐3 N2 M0

Regional Lymph Nodes (N) Stage IV T4 Any N M0
Clinical Stage Definition* Any T N3 M0
cNX  Regional lymph nodes cannot be assessed Any T Any N M1

cN0  No lymph node metastasis
cN1  Palpable mobile unilateral inguinal lymph node
cN2  Palpable mobile multiple or bilateral inguinal lymph nodes
cN3  Palpable fixed inguinal nodal mass or pelvic lymphadenopathy unilateral or bilateral

Pathologic Stage Definition*

pNX  Regional lymph nodes cannot be assessed
pN0  No regional lymph node metastasis
pN1  Metastasis in a single inguinal node
pN2  Metastasis in multiple or bilateral inguinal lymph nodes
pN3  Extranodal extension of lymph node metastasis or pelvic lymph node(s) unilateral or bilateral

*Note: Pathologic stage definition based on biopsy or surgical excision.

Distant Metastasis (M)
M0  No distant metastasis
M1  Distant metastasis

(Continued)
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informative. Baseline urinary (e.g., obstruc­
tion, dysuria, hematuria) and sexual (e.g., 
erection ability, penile sensation) functions 
should also be ascertained to reveal possible 
consequences of the condition on lower gen­
itourinary tract function before implement­
ing clinical management that may also affect 
this function. Prior clinical evaluations and 
treatments should also be documented.

Physical examination should involve thor­
ough inspection of the penis including the 
glans and urethral meatus and entire penile 
shaft. Circumcision status should be noted, 
and careful evaluation beneath the prepuce is 
recommended to identify a possible obscure 
penile cancer lesion. When necessary in the 
presence of phimosis, dorsal slit may be per­
formed to fully assess the lesion. The con­
cerning penile lesions should be identified by 
number, size and location, and appearance 
(e.g., induration, erythema, nodularity, ulcer­
ation, bleeding, purulence). The inguinal 
regions should be inspected and palpated 
bilaterally to assess for abnormalities (e.g., 
presence and number of masses, induration, 
degree of fixation, tenderness) that may be 
consistent with regional adenopathy.

Basic serum laboratory testing, urinalysis, 
and culture may be done, although results 
are often normal and thus non‐specific for 
penile cancer. Various serologic examinations, 

cultures, or specialized histologic techniques 
are available for evaluating penile lesions 
included in the differential diagnosis of 
penile cancer. Imaging tests offer a particu­
larly useful role in the diagnosis and staging 
of this disease. Penile ultrasound or contrast‐
enhanced magnetic resonance imaging (MRI), 
which may be done with a medically induced 
artificial erection, may inform the possibility 
of corporal infiltration [15,16], and their util­
ity is likely most considerable when deliberating 
on organ‐preserving management. Computed 
tomography (CT) of the pelvis is commonly 
done for assessing involvement of regional 
lymph nodes, although its success in detect­
ing local spread of disease in the absence of 
palpable adenopathy has been questioned 
[17]. It is recognized that all current imaging 
techniques (e.g., CT, ultrasound, MRI), or 
investigational F18 fluorodeoxyglucose positron 
emission tomography/CT (18F‐FDG‐PET/
CT scans) are unreliable in detecting micro­
metastatic disease that may be present as 
much as 25% of the time in clinically normal 
inguinal lymph nodes [18–20]. Lymphan­
giography has been used historically in 
attempts to identify microscopic inguinal 
and pelvic nodal metastases and to direct 
needle biopsy [21]. However, with the emer­
gence of CT and MRI for clinical staging, 
lymphangiography has become obsolete for 

Table 13.1  (Continued)

National 
Comprehensive 
Cancer 
Network

NCCN Guidelines Version 1.2014 
Penile Cancer

NCCN Guidelines Index
Penile Cancer TOC

Discussion

Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original 
and primary source for this information is the AJCC Cancer Staging Manual, Seventh Edition (2010) 
published by Springer Science + Business Media, LLC (SBM). (For complete information and data supporting 
the staging tables, visit www.springer.com.) Any citation or quotation of this material must be credited to the 
AJCC as its primary source. The inclusion of this information herein does not authorize any reuse or further 
distribution without the expressed, written permission of Springer SBM, on behalf of the AJCC.
ST‐1
Version 1.2014. 10/08/13 © National Comprehensive Cancer Network. Inc. 2013, All rights reserved. The 
NCCN Guidelines* and this illustration may not be reproduced in any form without the express written 
permission of NCCN*.

Edge SB, Byrd DR, Compton CC, et al. AJCC cancer staging manual. 7th ed. New York: Springer; 2010.
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this role in penile cancer. Lymphotropic 
nanoparticle‐enhanced MRI is a relatively 
new technology under evaluation for detect­
ing nodal micrometastatic disease in penile 
cancer that requires further study [22]. 
Abdominopelvic CT and chest radiography 
or CT serve for evaluating the presence and 
extent of systemic disease [23,24]. Radionuclide 
bone scintigraphy also may be used for stag­
ing purposes [21].

Despite the oftentimes physical conspicu­
ousness of penile cancer, penile biopsy is man­
datory to verify the histology and assess the 
stage of the cancer. Small lesions may be 
excised in entirety where possible, whereas 
large lesions may be locally sampled. An exci­
sional biopsy is preferable rather than an 
incisional or punch biopsy because this strat­
egy best serves to assess depth of invasion, and 
it may achieve local disease eradication. 
Pathologic description should include the his­
tologic type or variant, grade, perineural and 
lymphovascular invasion, and surgical margin 
status, all of which are prognostically relevant. 
Perineural, lymphatic, and vascular invasion 
[5,25,26] and high grade [3,5,25,27] represent 
high‐risk pathologic features, as is the finding 
of high‐risk variants [28]. Studies in penile 
cancer have explored its molecular biology, 
although current data predicting poor bio­
logic behavior remain limited. Alterations in 
the chromosomal locus 8q24 [29], epigenetic 
alterations of CpG island methylation in 
CDKN2A [30], and allelic loss of the p53 gene 
[31] are promising markers of poor prognosis. 
Fine‐needle aspiration with cytopathology of 
palpably enlarged inguinal nodes or fine‐nee­
dle biopsy of pelvic adenopathy suggested by 
CT is an optional procedure for determining 
positive pathologic nodal status [17], although 
definitive surgical staging is usually performed 
in this clinical setting.

Treatment

In general, the treatment of penile cancer is 
determined by the pathological stage of the 
disease, with focus given toward the primary 

tumor and regional lymph nodes in early 
stage disease and toward distant metastatic 
disease in later stages. Treatment of the 
primary tumor should always follow histo­
logic assessment, necessitating penile biopsy. 
This message applies even when superfi­
cial noninvasive disease is suspected because 
invasive disease may exist in up to 20% of 
such cases [32]. Staged procedures are regu­
larly employed, and invasive lymph node 
management conventionally follows treat­
ment of the primary tumor. Treatment of 
inguinal and pelvic lymph nodes is deter­
mined by pathologic risk factors of the primary 
tumor such as presence of lymphovascular 
invasion, stage, and grade [33,34]. Surgical 
staging of lymph nodes is routinely indicated 
by the presence of palpable lymph nodes or 
adverse primary tumor histologic features. 
Disease cure can also be achieved surgically in 
regional lymph node disease [10].

With respect to the primary tumor, man­
agement has evolved from conventional 
surgical amputation (i.e., partial or total 
penectomy) to organ‐preserving interven­
tion (i.e., maintenance of penile function and 
length) when oncologically feasible. Today, 
a  range of minimally invasive therapeutic 
options, including topical treatments, laser 
ablation, modified local excision, and radia­
tion therapy, have been developed and can be 
employed. Treatment decisions for localized 
disease appropriately apply diagnostic clini­
cal and pathologic information that defines 
the prognostic disease risk.

Primary Tumor of Low Adverse 
Prognostic Risk

Superficial noninvasive disease (Tis), par­
ticularly that involving the glans penis, is 
amenable to treatment using minimally inva­
sive therapies. Topical chemotherapy with 
imiquimod or 5‐fluorouracil (5‐FU) offers 
first‐line treatment [35]. These agents carry 
low toxicity effects and demonstrate a mod­
erately successful 57% complete‐response 
rate; however, the relatively modest durable 
response rate associated with this treatment 
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implies that clinical follow up is appropriate, 
and failure of topical therapy should prompt 
timely alternative management. Laser abla­
tion using a neodymium:yttrium‐aluminum‐
garnet (Nd:YAG) or carbon dioxide (CO2) 
laser [36] or alternatively total or partial glans 
resurfacing (i.e., removal of the glandular 
epithelium and skin grafting) [34] may also 
be used. Mohs micrographic surgery as a 
penis‐preserving strategy has been used his­
torically for small and noninvasive or mini­
mally invasive tumors, although it is a tedious 
and highly specialized technique [37]. Recent 
studies suggest that this technique does not 
offer additional precision beyond surgical 
excision with intraoperative frozen section 
analysis of margin status [38]. Small Tis 
lesions of the prepuce or penile shaft skin 
may also be treated by wide local excision 
with little cosmetic detriment.

Expert opinion now supports the role of 
penis‐preserving strategies for the manage­
ment of small invasive lesions defined as Ta/
T1a disease because of acceptable oncologic 
outcomes [10,11,13]. However, the risk of 
local recurrence for penis‐sparing strategies 
is understood to be higher than that associ­
ated with partial penectomy 5–12% com­
pared with 5%, respectively [39,40]. The 
treatment plan should well consider tumor 
size, histology, grade, location relative to the 
external urethral meatus, and patient prefer­
ence based on informed counseling regard­
ing the comparative risks. For tumors 
confined to the prepuce, circumcision is rec­
ommended. For tumors involving the glans 
penis, total glansectomy with reconstruction 
or skin grafting may be considered. In either 
scenario, the local recurrence rate is esti­
mated to be low (approximately 2%) when 
achieving a 5‐mm negative surgical margin 
[41,42]. The success of this strategy hinges on 
intraoperative assessment of surgical margin 
status by frozen section analysis to assess 
adequacy of surgical excision. Local recur­
rence rates are reportedly 0–4% for total or 
partial glans resurfacing [32,43] and 7v8% for 
glansectomy [42,44]. Laser ablation with vis­
ualization enhancement by photodynamic 

techniques is also possible [45]. Local recurrence 
rates are reportedly 10–48% after Nd:YAG 
laser treatment and 14–23% after CO2 laser 
treatment [46].

Primary Tumor of High Adverse 
Prognostic Risk

Definitive treatment of the invasive or high‐
grade primary tumor remains surgical ampu­
tation (i.e., partial or total penectomy with a 
2‐cm margin) because of the adverse risk of 
incomplete local disease removal by conserv­
ative management that may jeopardize cure 
[10,11]. This strategy is certainly appropriate 
for patients presenting with large and obvi­
ously invasive penile tumors extending into 
the corpus spongiosum or cavernosum or 
other local structures, with the objective at a 
minimum of obtaining local disease control. 
Suggested parameters include size greater 
than 4 cm, invasion deeply into subepithelial 
connective tissue or beyond, and presence of 
adverse pathology (i.e., poor differentiation, 
lymphovascular invasion) [47]. Disease con­
trol by surgical amputation is fairly good, 
with local recurrence rates ranging from 0% 
to 8% [39,40].

Radiation therapy in the forms of both 
external‐beam radiation therapy and inter­
stitial brachytherapy offers an option in the 
management of the primary tumor [48–50]. 
This therapeutic strategy is consistent with 
aims of penile preservation and is appropri­
ate for patients who refuse surgery. It has also 
been used as primary therapy with the under­
standing that if treatment fails, salvage sur­
gery may be applied with curative intent [51]. 
Five‐year local control rates range from 70% 
to 88% for brachytherapy and from 44% to 
70% for external‐beam radiation therapy 
[48]. It is noteworthy that squamous cell car­
cinoma is characteristically radioresistant, 
and the dosage required to sterilize the 
tumor (i.e., 60 Gy) presents potential risks. 
Complications stemming from therapy may 
occur in as many as 45% of cases and include 
urethral fistula, urethral stricture or meatal 
stenosis, penile necrosis, pain, and edema 
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[50,52]. Circumcision is recommended 
preemptively when the lesion in beneath the 
prepuce to expose the lesion and to lessen 
the risk of tissue maceration and preputial 
edema. Management of serious complica­
tions may involve secondary penectomy [53]. 
Penile preservation rates of 50% to 65% and 
cause‐specific survival rates of 58% to 86%, 
depending on primary tumor stage and 
lymph node status, are reported [48].

Regional Lymph Node Metastasis

It is well understood that the prognostic out­
come of squamous penile cancer is dictated 
foremost by the presence of nodal metastasis 
to the inguinal region [1–3]. At the same 
time, it is recognized that 5‐year cure rates 
with inguinal lymphadenectomy in the pres­
ence of nodal metastases may be as high as 
80% [1,6,7]. Thus, proficiently practiced and 
timely management of possible inguinal 
lymph node progression is key to long‐term 
patient survival. Radical inguinal lymphad­
enectomy is the mainstay of clinical practice 
and may be employed for clinically impalpa­
ble nodes, clinically node‐positive disease, 
and when disease is predictably extensive 
warranting multimodal intervention with 
chemotherapy [10,11]. Alternative inter­
ventions for patients with clinically node‐
negative cancer include surveillance and 
inguinal radiotherapy, although overall sur­
vival is less for these options, 63% and 66%, 
respectively, when compared to surgery 
(74%) [54]. Laparoscopic and robot‐assisted 
inguinal lymphadenectomy has been 
described, but it remains unclear whether 
these procedures are superior to open sur­
gery [55,56]. Based on current surgical 
schemes assessing the risk of pelvic lymph 
node progression, pelvic lymphadenectomy 
may be performed concurrently or as a 
secondary procedure [4,8,15].

Patients presenting with intermediate‐ and 
high‐risk disease and impalpable nodes may 
be offered two invasive diagnostic proce­
dures: modified inguinal lymphadenectomy 
and dynamic sentinel node biopsy [10,11]. 

Modified inguinal lymphadenectomy has 
surpassed historically morbid standard dis­
section. The newer approach adheres to a 
limited template of dissection that preserves 
the dermis, Scarpa’s fascia, and saphenous 
vein and may be staged based on intraopera­
tive frozen section analysis indicating posi­
tive nodes into sequential superficial inguinal 
and deep ilioinguinal anatomic boundaries 
[57–59]. Dynamic sentinel node biopsy is 
performed with the presumption that the 
lymphatic drainage from penile cancer is 
unilateral, and although sensitivity rates of 
90–94% have been reported [60,61], false‐
negative rates can be as high as 15% [62]. 
Although both techniques may miss micro­
metastatic disease, limited dissection offers 
more information and conceivably produces 
better disease control.

The morbidity of modified inguinal lym­
phadenectomy has been reduced signifi­
cantly based on advances in surgical schemes 
(i.e., template dissection, staging), techniques 
(i.e., venous preservation, ligation and clips 
of lymphatic vessels), and postoperative 
measures (i.e., vacuum suction drains, ingui­
nal/lower extremity pressure dressings) 
[63–65]. Accordingly, postoperative compli­
cation rates have been significantly reduced 
with contemporary reports describing these 
to be: wound infections (1.2–1.4%), skin 
necrosis (0.6–4.7%), lymphedema (5–13.9%), 
and lymphocele formation (2.1–4%) [65,66]. 
Pelvic lymphadenectomy generally adds little 
additional postoperative morbidity.

Surgical Procedures

The contemporary surgical management of 
penile cancer is characterized by a host of 
surgical interventions that has progressed 
beyond the historical centerpiece of penile 
amputation. Although partial or total penec­
tomy is properly advised based on clinical 
and pathologic variables, these more emas­
culating or disfiguring procedures are not 
always required. Minimally invasive strate­
gies offer the opportunity for disease control 
when possible while also achieving aims of 
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quality of life preservation and sexual func­
tion maintenance. It is understood that the 
alternative less‐invasive options carry higher 
risks of disease persistence and recurrence, 
such that careful patient selection, educa­
tion, and follow‐up protocols must be 
enacted. In the setting of uncontrolled dis­
ease, more aggressive management should be 
readily implemented. Furthermore, surgical 
management has evolved with regard to the 
preservation of sexual function rehabilitation 
even when major destructive surgeries are 
required. Surgical reconstructive techniques 
have been developed and are increasingly 
performed in the quest to restore form and 
function of the penis.

Partial and Total Penectomy

From a technical standpoint, plans for the 
removal of a portion or the entire penis 
should consider the extent of the lesion and 
the standard 2‐cm margin proximal to the 
lesion that would then impact the patient’s 
genitourinary functional status (i.e., voiding, 
sexual activity). If a significant portion of the 
penis must be removed and thus penile 
length is critically compromised, a perineal 
urethrostomy should become part of the sur­
gical plan, whereby the patient may prefera­
bly evacuate urine although seated without 
the potential for urinary stream spraying and 
urine contacting skin and clothes when void­
ing through a penile stump.

Detailed descriptions of the procedure are 
provided elsewhere [67–69]. With considera­
tion of surgical technique, several particular 
points merit highlighting. For urethral recon­
struction with partial penectomy, it is note­
worthy to create a length of the urethra of a 
distance 1–1.5 cm distally beyond the tran­
sected corporal bodies and spatulate the 
neomeatus, which facilitates a directed 
urinary stream and is less apt to stenose. For 
perineal urethrostomy, sufficient mobiliza­
tion of the urethra transposition to the 
perineum without angulation, and wide 
neomeatal spatulation are critical principles. 
Release of the suspensory ligament and 

dissection of the proximal corpora from the 
pubic arch may also be done to achieve 
maximal penile outward extension and 
length (both for possible voiding upright 
and sexual intercourse). When necessary, 
skin coverage may be additionally provided 
by local scrotal skin flaps, ventral penoscro­
tal junction phalloplasty techniques, or skin 
grafting [70].

Wide Local Excision

Local excision is possible in several ways for 
localized disease. Circumcision is readily per­
formed for preputial involvement, and wide 
excision of penile shaft skin is employed for 
proximal lesions. Glansectomy has recently 
been described for disease located at the 
glans penis [71]. Technically, the procedure 
involves dissecting the glans off the distal 
ends of the corpora cavernosa using a surgical 
plane that is developed between the Buck’s 
fascia and deep surface of the glans after 
making a circumferential subcoronal incision. 
This procedure may be combined with distal 
corporectomy depending on the local extent 
of disease as determined by intraoperative 
frozen section analysis [72]. Glans resurfacing 
distinctly involves excision of the epithelium 
and subepithelium of the entire glans with a 
less extensive surgical resection than glansec­
tomy [32,73]. Primary closure is performed 
reproducing a glans penis‐like conical shape 
or mobilizing a preputial skin flap to cover 
the surgical defect in instances when this 
defect is small [74]. Full‐thickness penile skin 
graft or extragenital split‐thickness skin graft 
are alternative options for skin coverage of 
the entire glans penis (e.g., total glans resur­
facing) or significant surgical defects of the 
penile shaft [72]. It is technically important to 
consider applying skin grafts rather than 
advancing the penile shaft remnant to the 
neomeatus to prevent retraction of the resid­
ual penile shaft.

Neophalloplasty

For men whose penis has been extensively 
removed (i.e., total penectomy), phallic 
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reconstruction is a possible option to create a 
male genital organ to serve for resumption of 
sexual activity. Tissue flap reconstruction 
most commonly involves the radial forearm, 
but alternative sources include the anterolat­
eral thigh, the scapula/latissimus dorsi, fib­
ula, and local rotational flaps from the 
abdomen, groin, and thigh [75]. Although 
penetrative intercourse is possible with the 

neophallus alone, implantation of a penile 
prosthesis within the neophallus optimally 
provides a mechanism for phallic rigidity 
[76,77]. The complexity of this further recon­
struction demands an understanding of the 
anatomy of the native penile remnant and 
anatomical constraints of the neophallus to 
lessen adverse risks of prosthetic device 
erosion or infection.
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Introduction

Testicular cancer management is often touted 
as a model of success in multimodal and col-
laborative oncological care. However, this was 
not always the case; both the presentation and 
management of the disease have evolved 
remarkably over the last several decades.

Before the era of ultrasound imaging, 
almost all patients with testicular cancer 
presented with a palpable scrotal mass or 
symptoms of disseminated disease. Inguinal 
radical orchiectomy (RO) was the near uni-
versal first step in diagnosis and treatment 
because of the historically reported low 
prevalence of benign lesions (<1%) and the 
thought that intraoperative biopsies could 
lead to tumor progression and seeding [1]. In 
the early 1970s, before the development of 
cisplatin‐based chemotherapy, survival with 
metastatic testicular cancer was around 
5% [2]. Since then, combinations of surgery, 
chemotherapy, and radiation have led to 
5‐year relative survival rates around 98% [3]; 
overall survival rates with regional and 
distant metastases are now around 96% and 
72%, respectively [4].

In the 1980s, studies found that the true 
proportion of benign testicular lesions was 
much higher than the 1% estimated by previ-
ous studies. In a study by Haas in 1986, 233 

patients underwent inguinal exploration for 
suspicion of cancer and the authors calculated 
a 31% rate of benign tumors [5]. Another 
report 2 years later by Kressel et al. noted a 
5% rate of benign lesions [6]. Over subse-
quent decades, widespread use of scrotal 
ultrasound for common conditions such as 
scrotal content pain, epididymo‐orchitis, tor-
sion, and hydrocele/spermatocele has also led 
to the detection of small, nonpalpable, or 
asymptomatic lesions of the testis. With this 
increased sensitivity for testicular lesions has 
come an increased incidence of benign testicu-
lar tumors.

Imaging of Testicular Tumors

The increased detection of benign tumors 
led to attempts to limit extirpative therapy 
for benign disease. As part of this effort, mul-
tiple studies have examined the ability of 
imaging characteristics to distinguish benign 
from malignant intratesticular lesions.

Wasnik et  al. characterized common 
benign testicular lesions and their sono-
graphic findings, which are summarized in 
Table 14.1 [7]. Carmignani et al. evaluated all 
urologic patients presenting with infertility, 
erectile dysfunction, or asymptomatic scrotal 
lesions over a 2‐year period with duplex 
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ultrasonography. Of 1,320 patients, 27 (2%) 
focal testicular lesions were identified by 
ultrasound, of which 17 were palpable and 10 
were nonpalpable. A benign lesion was diag-
nosed in 80% of the nonpalpable masses. The 
authors noted that ultrasound cannot differ-
entiate benign from malignant lesions, and 
therefore surgical intervention is still war-
ranted; however, imaging now allows 
improved prediction of candidacy for testis‐
sparing surgery [8]. Figure 14.1 shows ultra-
sound images of two incidentally detected 
hypoechoic intratesticular masses, both of 
which were found to be Leydig cell tumors.

Given the shortcomings of ultrasound in 
characterizing benign compared with malig-
nant testicular masses, magnetic resonance 
imaging (MRI) has been investigated as a 
supplementary modality. Tsili et al. assessed 
the role of preoperative MRI in 33 patients 
with 36 ultrasound‐proven testicular masses 
[9]. Criteria to suggest malignancy by MRI 
included the presence of a multinodular 
intratesticular lesion with low signal inten-
sity or an inhomogenous mass with variable 
signal intensity on T2‐imaging, heteroge-
nous contrast enhancement, coexistence of 
hemorrhage or necrosis, as well as demon-
stration of tumor extension. Following oper-
ative intervention, MRI findings were 
compared to the final pathologic specimen: 
100% of malignant lesions were correctly 
classified by MRI, whereas 87.5% of benign 
lesions were correctly classified (one of eight 
benign lesions was predicted to be malignant 

by MRI findings). The overall accuracy of 
MRI for detecting malignancy was 96.4%. 
The absence of contrast enhancement was 
the most sensitive sign for predicting the 
benign nature of a testicular mass. In another 
evaluation of 15 patients with testicular 
masses seen on ultrasound, the use of MRI 
diffusion‐weighted imaging and signal 
intensity measurement was helpful for 
differentiating malignant neoplasms, which 

Table 14.1  Characteristic Ultrasound Findings of Benign Testicular Lesions.

Pathology Ultrasound Findings

Simple cyst Well‐defined anechoic focus with thin imperceptible wall
Epidermoid cyst Circumscribed, avascular intratesticular mass with lamellated 

configuration of alternating hyperechoic and hypoechoic rings
Testicular adrenal rest tumors Bilateral, eccentrically located hypoechoic masses with variable vascularity
Hamartomas Multiple hyperechoic avascular foci scattered bilaterally without 

parenchymal distortion
Leydig cell tumor Peripheral hypervascularity in a hypoechoic testicular tumor

Summarized from Wasnik et al. [7]

Figure 14.1  Two hypochoic intratesticular masses 
found incidentally on ultrasound. Both of these were 
found to be Leydig cell tumors on pathological 
review.
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were noted to have significantly lower values 
than benign lesions [10]. Although much 
progress has been made on characterizing 
benign and malignant tumors on ultrasound 
and MRI, no imaging modality has been 
definitively shown to discern benign lesions 
with adequate specificity to forego surgical 
removal and pathological diagnosis.

Bilateral Tumors

Apart from patients with benign tumors, 
there is also interest in preserving functional 
testicular tissue in patients with bilateral 
tumors or tumors of a solitary testis. Two 
percent of patients with germ cell tumors 
develop bilateral lesions, with approximately 
0.5% of these presenting synchronously. 
Because of this small but real risk, both testes 
require ultrasonic evaluation at the time of 
diagnosis. Approximately 1.5–5% of patients 
with a history of testicular cancer will develop 
a second primary in the contralateral testis 
[11]. In an evaluation of almost 2,500 patients 
over a 20‐year span, investigators at MD 
Anderson Cancer Center identified 24 
patients (1%) with a history of bilateral tes-
ticular germ cell tumors (20 metachronous). 
A statistically significant increase was noted 
in the incidence of bilateral tumors if the 
patient initially presented with seminoma 
rather than nonseminomatous germ cell 
tumor (NSGCT; p = 0.0053) and if the semi-
noma was first diagnosed at 30 years of age 
or younger (p = 0.000044). The majority of 
contralateral tumors (70%) presented within 
5 years of the initial mass, and no correlation 
in histologic types was seen between the 
metachronous tumors (p = 0.06).

The Advent of Testis‐Sparing 
Surgery

Testis‐sparing surgery (TSS) carries the 
potential benefits of maximizing spermato-
genesis and fertility, preserving Leydig cells 

to curb hypogonadism, and decreasing 
cosmetic and psychological impact of having 
just one or no testicles. The goals of TSS are 
closely paralleled by lumpectomy for breast 
cancer, in which organ‐preservation tech-
niques aim to reduce physical, functional, 
and psychological morbidity. Modern uro-
logic oncology principles also incorporate 
organ preservation, namely seen with partial 
nephrectomy for renal cell carcinoma and 
focal therapy for prostate carcinoma. In 
contrast to other sites of malignancy, for tes-
ticular masses, inguinal RO has remained the 
gold standard for treatment and pathological 
diagnosis throughout the last four decades.

With increased detection of testicular 
tumors, increased rates of benign masses, 
and excellent cancer‐specific survival rates, 
the focus for many patients with testicular 
tumors has now shifted toward functional, 
cosmetic, and psychological effects of man-
agement. Indeed, surveillance protocols with 
deferred adjuvant treatment have success-
fully limited the short‐ and long‐term 
morbidity of adjuvant chemotherapy and 
radiation therapy in select patients after 
orchiectomy. However, in this new era, TSS 
has become a consideration for primary 
treatment of many small/bilateral testicular 
lesions or lesions of solitary testes.

Concerns about TSS

Many concerns exist regarding the oncologi-
cal safety and the true benefit of TSS. We 
review these issues and their implications for 
patients considering organ preservation.

Presence of Intratubular Germ Cell 
Neoplasia or Multifocal Invasive 
Germ Cell Tumor

Carcinoma in situ of the testis, or intratubu-
lar germ cell neoplasia (ITGCN), is the com-
mon precursor for most germ cell tumors. 
Based on work from Skakkebaek in the 1970s, 
it is thought that approximately 50% of 
patients with ITGCN will progress to invasive 
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germ cell tumors within 5 years [12]. 
Occurring as small foci of disease scattered 
within affected testes, ITGCN is thought to 
be present in nearly all testes harboring germ 
cell tumors and around 5% of contralateral 
testis [13,14]. This risk is thought to be higher 
in the presence of risk factors such as cryp-
torchidism and testicular atrophy (volume 
<12 mL) [15].

Because of the increased risk associated 
with ITGCN, biopsy of the contralateral tes-
tis should be considered in high‐risk groups. 
In addition, multiple studies have demon-
strated that low‐dose radiotherapy (20 Gy) to 
the contralateral testis is oncologically effec-
tive while preserving testicular endocrine 
function [16,17]. This results from the rela-
tive radioresistance of Leydig cells compared 
to germinal epithelium. Of note, attempts at 
further dose reduction of radiotherapy have 
resulted in recurrent ITGCN so this is not 
recommended.

According to the European Consensus 
Conference regarding treatment of germ cell 
tumors, males with testicular volumes 
<12 mL and younger than 40 years of age 
have a 34% risk of ITGCN in the contralateral 
testis and represent the high‐risk cohort for 
whom biopsy could most benefit [18]. 
Skakkebaek et al. defined a testicular dysgen-
esis syndrome (TDS) including factors such 
as hypospadias, undescended testis, low 
sperm count, testicular microlithiasis (TM) 
and inhomogenous ultrasound findings; 
these patients are at an increased risk of both 
germ cell tumors and contralateral ITGCN 
[19]. In patients with germ cell tumors found 
to have TM in the contralateral testis, the risk 
of concomitant ITGCN can be as high as 
75%, suggesting that biopsy may be most 
beneficial in this specific cohort [20]. A 
biopsy should be performed at the time of 
orchiectomy.

In a study of RO specimens with germ cell 
tumors, 33% of patients were found to dem-
onstrate multifocality; in addition to the 
ultrasound detected tumor(s), pathological 
evaluation showed separate tumor foci in 
12% of patients, microinvasive tumor in 14%, 

extratumor vascular invasion in 12%, and 
rete testis invasion in 1.4 % [21]. Of patients 
with multifocality, ITGCN was identified in 
83.3%. Multifocality was noted to be more 
frequent in men with smaller tumors (<2 cm) 
and seminoma histology (p < 0.01). Despite 
this high incidence of multifocality, a low rate 
of recurrence has been reported in patients 
meeting these criteria undergoing TSS. 
However, this study’s findings certainly 
reinforce the recommendation of performing 
RO when malignancy is detected on frozen 
section evaluation (FSE).

Accuracy of FSE

The accuracy of intraoperative pathological 
assessment is of critical importance for mul-
tiple reasons. First, the decision to proceed 
with organ preservation is often contingent 
on confirmation of a benign lesion. In addi-
tion, FSE of the tumor base helps minimize 
the chance of incomplete resection of a 
malignant tumor.

The increased accuracy of intraoperative 
FSE has been of increasing use in a manner 
that parallels the tumor bed biopsy in partial 
nephrectomy. A retrospective review of 354 
patients who underwent RO from 1974 to 
2000 assessed FSE findings and correlated 
them to the final pathologic diagnoses [22]. 
All malignant (317) and benign lesions (37) 
were accurately identified. An 8–10% mis-
classification rate was seen between semi-
noma and NSGCT. However this would not 
impact operative management in TSS 
because these patients would typically 
undergo RO or further biopsies of the resec-
tion bed to ensure negative margins. No 
recurrences were seen with a mean follow‐up 
of 105 months. Another study investigated 
the accuracy of FSE in 10 patients with sus-
pected testicular masses 2 cm or smaller and 
normal tumor markers between 2007 and 
2011. RO was performed in all followed by ex 
vivo tumor excision and FSE evaluation. FSE 
correctly classified all four malignant lesions 
and all six benign lesions (and identified the 
correct histology in five out of six) when 
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compared to the final orchiectomy specimen 
[23]. Subik et al. assessed intraoperative FSE 
for 45 testicular masses in a prospective 
manner between 1993 and 2010 and found 
19 malignant tumors and 26 benign tumors 
by FSE. They concluded that FSE prevented 
unnecessary RO in 83.7% of cases and was 
useful for small, nonpalpable, incidental 
masses [24]. Given these findings, FSE by an 
experienced pathologist is thought to be sat-
isfactory and necessary for intraoperative 
management decisions in testicular organ‐
sparing surgery.

Preexisting Infertility in Men 
with Germ Cell Tumors

Baseline semen analysis parameters can be 
abnormal in up to 60% of men diagnosed 
with testicular cancer. Findings are typically 
characterized by decreased total sperm 
counts with higher follicle‐stimulating hor-
mone (FSH) levels, suggesting a primary 
germ cell defect [25]. Indeed, the association 
between germ cell tumors and impaired 
spermatogenesis is fundamental to the TDS 
model. Many men remain infertile after TSS, 
so organ preservation for the purpose of fer-
tility preservation is primarily considered 
most beneficial in men for whom RO would 
render them anorchid. Given the preexisting 
abnormalities of spermatogenesis and the 
extreme sensitivity of germinal epithelium to 
radiation and platinum‐based chemotherapy, 
sperm banking is recommended before sur-
gery for any patient interested in future 
paternity.

The Importance of Aesthetics

The true psychological distress experienced 
by the young patient with testis cancer is 
poorly understood [26]. With improved can-
cer survivorship in testis cancer, the psycho-
logical impact of orchiectomy and use of 
prosthetic testis insertion has recently been 
investigated. A questionnaire survey of 234 
men found an approximate rate of 33% 
receiving a prosthetic implant following 
orchiectomy, a third declining, and a third 

never being offered one. More than 90% of 
men felt it was extremely important to merely 
be offered prosthesis regardless of decision 
[27]. Skoogh et al. conducted another ques-
tionnaire survey of 960 testicular cancer sur-
vivors (mean age of 30 years at diagnosis) 
focusing on uneasiness or shame following 
orchiectomy. Thirty‐two percent of men 
reported a sense of loss, whereas 26% had 
feelings of uneasiness/shame; the majority of 
these sentiments occurred in patients who 
were never offered prosthesis (relative risk: 
2.0, 95% confidence interval: 1.3–3.0). 
Although patients may decline prosthesis, 
the psychological impact of being offered 
one may alleviate the feelings of loss in some 
men [28]. Most importantly, this demon-
strates that the psychological and cosmetic 
implications of orchiectomy are indeed sub-
stantial. With improving oncologic outcomes 
and survivorship for patients with testicular 
cancer, functional and psychosocial difficul-
ties may indeed represent major long‐term 
complications of therapy.

Development of Antisperm Antibodies

Following testicular surgery, there is concern 
for the development of antisperm antibodies 
(ASA). An increased baseline rate of ASA is 
noted in all patients with a diagnosis of 
testicular cancer, with higher percentages 
seen associated with higher‐stage disease 
[29]. However, many other testicular condi-
tions can predispose patients to elevated 
ASA levels [30]. Leonhartsberger et  al. 
assessed 54 men from 2000 to 2005 undergo-
ing operative intervention for testicular 
cancer (23 TSS, 31 RO). Serum samples were 
collected during follow‐up visits for both 
groups and the ASA determined by enzyme‐
linked immunosorbent assay. The mean 
ASA  levels were not statistically significant 
between patients undergoing TSS compared 
with RO (29 vs, 24.8 U/mL, p > 0.3) [31]. 
Although these data are reassuring, it should 
be interpreted in the broader context of over-
all impaired fertility in men with testicular 
tumors as discussed previously.
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Indications for TSS

Criteria in Previous Studies 
and Guidelines

The role for TSS has evolved significantly in 
the past decade, and no consensus currently 
exists regarding its use. According to the 
European Association of Urology, TSS should 
be considered in patients with synchronous 
bilateral testicular tumors, metachronous 
contralateral tumors, or in a solitary testis 
tumor with normal endocrine function, pro-
vided that tumor volume is less than 30% 
of  testicular volume [32]. Additionally, all 
patients are recommended to receive adju-
vant radiotherapy (20 Gy) because of the ele-
vated risk of ITGCN. The German Testicular 
Cancer Study Group reports TSS should be 
considered for testicular masses in a solitary 
testis or for patients with bilateral tumors 
2 cm or smaller and normal preoperative 
endocrine function [33]. A growing body of 
evidence also supports the consideration of 
TSS for small tumors in the presence of a 
normal contralateral testis [18,23,34,35].

Preoperative Considerations 
and Surgical Technique

The physician should discuss the surgical, 
oncological, and functional risks and benefits 
of attempted organ preservation with the 
patient and informed consent should be 
obtained. A testicular oncologic work‐up 
should be performed prior to the operation, 
including serum tumor markers (alfa fetopro-
tein [AFP], beta‐human chorionic gonadotro-
pin [β‐HCG], lactate dehydrogenase [LDH]) 
with consideration of preoperative staging CT 
scan; evidence of metastasis might suggest 
malignancy and indicate immediate RO. 
Semen cryopreservation should be offered 
and patients informed of the potential impact 
of operative intervention on fertility.

At the time of the operation, preoperative 
antibiotics are administered, and the patient 
is induced under general anesthesia. The 
patient is positioned supine and is prepped 

and draped in standard fashion. The skin 
incision is made over the inferomedial aspect 
of the inguinal canal, long enough to deliver 
the testis atraumatically. The external ingui-
nal ring is opened as the external oblique fas-
cia is sharply incised. After dissecting and 
reflecting away the ilioinguinal nerve, the 
spermatic cord is mobilized and elevated. 
A rubber shod or Penrose drain tourniquet is 
optionally used to clamp the vessels of the 
cord, in which case ice can be applied to the 
testis for cold ischemia.

The testis is delivered through the incision, 
and a barrier drape or laparotomy pads are 
placed underneath the testis and over the 
surgical incision (Figure  14.2). The tunica 
vaginalis is opened longitudinally and the 
testis is exposed (Figure 14.3). For small tumors, 

Figure 14.2  Mobilized testis and spermatic cord. Cord 
has been clamped using a Penrose drain as a tourniquet.

Figure 14.3  Tunica vaginalis has been opened, 
exposing that testicle.
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the operating microscope (Figure  14.4) is 
brought into the surgical field, providing 
5 × to 25 × optical magnification (optional for 
all tumors).

For palpable tumors, the tunica albuginea 
can be incised transversely overlying the 
tumor, avoiding subtunical vessels as possi-
ble. For nonpalpable tumors, intraoperative 
ultrasound is performed to localize the lesion 
and determine the optimal incision location. 
Needle or hook wire localization can option-
ally be performed (Figure  14.5). The tunica 

albuginea is then opened sharply or using 
cutting current with fine point cautery over a 
16‐ to 18‐gauge angiocatheter placed imme-
diately under the tunica to protect the testicular 
parenchyma (Figure 14.6).

The divided tunica is gently spread with 
forceps, and the seminiferous tubules are 
bluntly dissected to facilitate exposure of the 
mass. Once the mass is located, sharp and 
blunt dissection are used to circumferentially 
mobilize and remove it (Figures  14.7, 14.8, 
and 14.9). Usually, a pseudocapsule enclosing 

Figure 14.4  Setup for dual‐head operating microscope.

Figure 14.5  Ultrasound‐guided needle localization of small intratesticular mass.
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the mass will be present. When surrounding 
seminiferous tubules are adherent to the 
mass or capsule, they are removed with the 
specimen to be included in the pathological 
evaluation. The mass, any suspicious regions, 
as well tubules from at least two sites at the 

base of the tumor are sent for frozen section 
pathological evaluation. The cord is unclamped 
to limit ischemia and to help identify bleeding 
intratesticular vessels.

When intraoperative pathological evalua-
tion suggests germ cell tumor, ITGCN, or 
other malignancy, RO is typically performed 
for patients with a normal contralateral testis 
(or radiation therapy is used for ITGCN). In 
this case, the cord is dissected all the way to 
the internal ring and ligated in the retroperi-
toneum in standard fashion. For patients 
with a solitary testis or bilateral tumors, the 
decision between partial and complete 
orchiectomy is made based on preopera-
tive discussion of the patient’s preferences, 
priorities, and risk tolerance, in conjunction 
with intraoperative findings and pathological 
assessment. When margins are positive, fur-
ther resection or orchiectomy must be per-
formed as described previously.

Fine bipolar cautery is used to obtain 
hemostasis within the testis. The tunica 
albuginea (Figure  14.10) and vaginalis are 
closed with continuous 4‐0 and 3‐0 absorba-
ble suture, respectively. The testis and cord 
are returned to their normal, untwisted position 
within the scrotum. The wound and scrotum 
are irrigated. The fascia is closed with a run-
ning 2‐0 polyglactin suture, Scarpa’s fascia 
and subcutaneous tissues are approximated 
with 3‐0 polyglactin suture, and the skin is 
closed with 4‐0 poliglecaprone suture. The 
wound is dressed as per surgeon’s preference, 
supportive briefs are placed, and the patient 
is awaked from anesthesia.

Figure 14.6  Use of fine‐point cautery with cutting 
current to open the tunica albuginea over a  
16‐gauge angiocatheter.

Figure 14.7  Testicular adrenal rest tumor exposed 
upon opening tunica albuginea.

Figure 14.8  Exposure of deep intratesticular tumor.
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Postoperative Care 
and Follow‐Up

Recovery instructions are similar to that for 
RO. In addition, patients are instructed to 
apply cold packs to the scrotum and wear 
tight‐fitting underwear. Oral analgesic medi-
cations are typically used for 3 to 7 days. 
Patients are asked to refrain from heavy lift-
ing and exercise for 4 to 6 weeks.

After partial orchiectomy in the setting of 
malignant tumor, adjuvant radiation treat-
ment should be considered because of the 
increased risk of ITGCN. This carries the 
disadvantage of toxicity to germ cells and 
spermatogenesis, so the decision and timing 
of treatment should be individualized to each 
patient’s preference and oncologic risk.

Most recommend clinic visit follow‐up every 
3 to 6 months for the first 3 years with physical 
examination, serum tumor markers, abdomi-
nal/scrotal ultrasound, annual chest X‐ray, 
whereas those with a history of malignant 
pathology require an annual CT scan. Likely, a 
less rigorous schedule could be used for benign 
tumor types depending on individual histology.

Considerations Regarding 
Surgical Technique

The Impact of Cold/Warm Ischemia 
Compared with No Ischemia

Standard operative teaching recommends 
prompt clamping of the spermatic cord before 
mobilization of the testicle during RO but 
questions remain regarding cold versus warm 
ischemia when performing TSS. From 2003 
to 2010, a prospective study compared 
65 patients undergoing TSS (33 in 30 patients) 
in a nonischemic fashion to 35 patients who 
underwent standard RO [36]. No local/sys-
temic recurrences occurred in any patient 
and all demonstrated no evidence of disease 
at median 52.5 month follow‐up. Serum tes-
tosterone levels were within normal limits for 
all except two patients who underwent TSS 
(both with metachronous bilateral germ cell 
tumors); however, no testosterone supple-
mentation was need. No tumor seeding or 
relapse was noted and the preservation of vessel 
integrity was hypothesized to have a potential 

Figure 14.9  Excision and removal of 
deep intratesticular tumor.

Figure 14.10  Completed continuous closure of 
tunica albuginea.
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effect on long‐term fertility. Although no 
randomized controlled trial has been per-
formed, similar results have been reported in 
patients undergoing TSS under cold ischemia, 
with only one patient having abnormal 
serum testosterone levels and all patients 
remaining free of disease at mean follow‐up of 
46.3 months [37]. Given these results, no con-
sensus has been achieved and currently both 
approaches to vascular control are ade-
quate pending further studies.

Use of Intraoperative Ultrasound

Stoll et al. were the first to suggest the utility 
of TSS by incorporating high‐resolution 
intraoperative ultrasound to detect nonpal-
pable testicular tumors [38]. Intraoperative 
ultrasound allows for accurate and precise 
detection of testicular lesions to guide proper 
excision or enucleation. It has now become 
standard to use a high‐resolution intraopera-
tive ultrasound (8–13 MHz) when attempting 
TSS for nonpalpable tumors.

Use of Microsurgical Technique

The operative microscope has recently 
been incorporated as a method to increase 
surgical accuracy and to spare maximal 
healthy tissue in a manner similar to the 
role of surgical robotics in partial nephrec-
tomy. A retrospective assessment investi-
gating the impact of microsurgical TSS was 
conducted evaluating 23 patients from 2004 
to 2011. Intraoperative ultrasound and FSE 
were used in each case and cold ischemia 
was also employed for two cases felt to be 
more complicated. RO was performed in 
cases where FSE suggested malignancy. All 
tumor resections were conducted within 
30  minutes with a mean ischemic time of 
18 minutes. All patients were free of disease 
at mean 35 months follow‐up and no post-
operative clinical hypogonadism was noted 
[39]. Currently, there is no consensus on 
the necessity for microsurgical dissection; 
likely, its use is tied to the size of the tumor 
and the appearance of the testicular 
parenchyma.

Hook Wire Localization 
and Enucleation

Additionally, one may choose to use a hook 
wire for tumor localization. A case report of 
a 20‐year‐old male with bilateral testicular 
mixed germ cell tumor (2.7 cm right and 
1.3 cm left) describes the technique [40]. At 
3  months follow‐up, the patient had no 
evidence of disease recurrence and demon-
strated normal tumor markers, testosterone, 
luteinizing hormone (LH) and follicle‐
stimulating hormone (FSH).

In this technique, ultrasound guidance is 
used for the insertion of a 20G × 9‐cm intro-
ducer needle with hook wire. The needle is 
positioned beyond tumor margin and then 
the hook deployed. Hook wire allows accu-
rate localization of tumor and excision, espe-
cially for nonpalpable masses. This novel 
technique may assist with more accurate 
localization of difficult nonpalpable masses. 
A needle without a hook wire can be used for 
tumor localization in a similar fashion.

Outcomes of TSS

Oncologic Outcomes

Outcomes are exceptionally favorable 
following TSS for benign lesions. A recent 
retrospective assessment of 37 patients 
undergoing TSS for benign testicular masses 
between 1999 and 2011 summarizes the 
improvements and efficiency involved in 
intraoperative FSE. All tumors were removed 
under ultrasound guidance and biopsies 
taken to ensure there was no ITGCN or posi-
tive margins. The patients ranged from 16 to 
68 years of age, and no postoperative andro-
gen supplementation was required. All 
patients were free of disease at mean follow‐
up of 63 months [41]. In another series of 
47 benign lesions, 68% of patients were able 
to undergo TSS, and there was no evidence 
of recurrence after 7 years follow‐up.

No randomized controlled trials currently 
exist comparing RO with TSS for benign or 
malignant disease. In a review across five 
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academic centers from 1984 to 2013, long‐
term oncologic and functional outcomes 
were assessed in 25 patients undergoing TSS 
for bilateral tumors (11) or for a tumor in a 
solitary testis (14). For bilateral tumors, RO 
was performed for the larger tumor and TSS 
for the smaller. No patient with a preserved 
testicle required androgen supplementation 
and mean postoperative serum testosterone 
level was 400 ng/dL. Twenty of 25 tumors 
were malignant germ cell tumors, and overall 
survival was 100% at mean follow‐up of 
42.7 months. Three patients (15% of malig-
nant tumors) developed ipsilateral recur-
rences in the same follow‐up interval: two 
were deemed free of disease with RO and the 
third underwent repeat TSS with tumor bed 
resection [42].

The German Testicular Cancer Study 
Group reported on 73 patients with bilat-
eral masses or solitary testis masses at 
eight centers from 1994 to 2000. TSS was 
performed for 52 metachronous, 17 
synchronous, and 4  solitary testis tumors 
requiring enucleation. All operations used 
cold ischemia and biopsies were taken 
until  negative margins were documented. 
ITGCN was present in 82% (46  patients), 
who then underwent local radiation with 
18 Gy and demonstrated no relapse. After 
median follow‐up of 91 months, 98.6% of 
patients were free of disease and one died 
of systemic progression. Local relapse was 
seen in 4 patients who were successfully 
treated with subsequent RO [18].

Fertility and Hypogonadism Outcomes

A literature review of TSS from 1999 to 2009 
demonstrated that most patients do not 
require androgen supplementation following 
TSS and have satisfactory sexual function but 
remain infertile [43]. Ischemia to the testicle 
during spermatic cord clamping has been 
implicated as a possible source of damage for 
endocrine and exocrine function. Similar to 
testicular torsion, the contralateral testicle 
could be affected by a systemic cytokine 
response [44], autoimmunization against 

spermatogonia or Leydig cells [45], a reflex 
sympathetic response reducing contralateral 
testicular blood flow with ischemia‐reperfusion 
injury, and the production of reactive oxygen 
species with excessive production of nitric 
oxide [46]. For TSS with FSE, it is recom-
mended that the procedure be completed in 
less than 30 minutes clamp time, however 
at  least one study has now prospectively 
assessed outcomes using a nonischemic 
technique [36]. Local adjuvant radiotherapy 
following TSS confers sterility.

Gentile et  al. reported on a prospective 
study of 15 patients undergoing TSS from 
2009 to 2013. Median age of patients was 
38 years and cord clamping was performed 
in all but 1 patient (mean warm ischemia 
time of 18 minutes). FSE demonstrated 93% 
accuracy for histologic type and final path-
ologic analysis showed 6 patients without 
tumor, 7 with benign masses, and 2 with 
malignant lesions. All patients were free of 
disease after mean follow‐up of 19.2 months. 
Hormonal profile and fertility assessments 
were normal postoperatively and no sig-
nificant changes in serum testosterone were 
seen [47].

Summary

TSS is becoming a popular modality for the 
increasing numbers of benign testicular 
lesions and for some malignant tumors. As 
the cure rate for germ cell tumors continues 
to improve, much attention is directed 
toward quality of life regarding hormonal 
function, fertility, and aesthetic and psycho-
logical outcomes. TSS is a feasible option for 
patients with small, nonpalpable testicular 
masses (<2 cm), negative biopsies of the 
tumor bed, and the absence of ITGCN in the 
remaining testicular parenchyma. When 
ITGCN is identified, partial orchiectomy can 
still be performed however subsequent 
curative low‐dose (18–20 Gy) radiotherapy 
should be employed. There is no current 
consensus regarding the need for surgical 
cord clamping (warm ischemia compared 
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with cold ischemia or no ischemia), with all 
techniques demonstrating no long‐term 
functional deficits. The true use of the opera-
tive microscope and hook wire localization 
require further study and follow‐up. With 

the overall improvement in quality of life and 
lack of hormonal and fertility functional deficits, 
TSS should be considered in select patients 
in the management of all forms of testicular 
masses.
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Introduction

The treatment of urologic malignancies has 
witnessed an evolution toward minimally 
invasive surgical approaches commensurate 
with the demand for decreasing surgical 
morbidity and earlier detection of lower 
stage cancers. This is most notable in the 
development of treatments for renal and 
prostate cancers. More recently, there has 
been growing interest in developing thera­
peutics that optimize tissue preservation 
with a focal, targeted approach.

Before the era of radiologic imaging, the 
diagnosis of renal cancers was prompted by 
the classic presentation of a flank bulge, 
hematuria, and pain. The classic treatment 
for nonmetastasized lesions was an open 
radical nephrectomy with para‐aortic lymph 
node dissection [1]. With the increasing use 
of computed tomography (CT) imaging, 
renal lesions have been detected at earlier 
stages and smaller sizes. In 1990, the trend 
toward minimally invasive surgery was 
pioneered by the introduction of laparo­
scopic radical nephrectomy as the standard 
treatment for lesions larger than 4 cm [2]. 
More recently, laparoscopic or robotic‐assisted 

partial nephrectomy has been widely 
employed as a standard treatment for smaller 
lesions.

Similarly, the treatment of prostate cancer 
has shifted. Earlier detection of lower‐stage 
lesions has been facilitated by the prevalent 
use of prostate‐specific antigen (PSA) screen­
ing [3]. Indeed, nearly 90% of men diagnosed 
with prostate cancer present with clinically 
localized disease [4]. The original standard 
open retropubic radical prostatectomy, most 
common until the 1980s, has been largely 
replaced by minimally invasive approaches. 
Currently, more than 80% of all prostate 
cancers are treated by either laparoscopic or 
robotic‐assisted laparoscopic radical prosta­
tectomy [1].

Over the past decade, the concept of mini­
mizing surgical invasiveness and morbidity 
has expanded to encompass a growing appre­
ciation for the benefits of tissue preservation. 
For small renal masses, focal ablation using 
cryotherapy or radiofrequency has become 
more popular for the appropriate patient. 
Similarly, high‐intensity focused ultrasound 
(HIFU) and cryotherapy have been employed 
for the treatment of focal, localized prostate 
neoplasms [5–14].
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Introduction 
to Nanotechnology

The concept of nanoparticles was originally 
developed more than 50 years ago, although 
it was not fully realized for its application in 
modern oncologic therapy until the 1990s 
[15]. The increasing interest in developing 
tissue‐sparing therapies for the treatment 
of localized cancers has prompted consider­
able biomedical investigation into the field 
of  nanotechnology and nanoparticles. 
Therapeutic nanotechnology centers on the 
use of photothermal‐based ablative energy, 
which is delivered to a lesion of interest 
through activation of various types of nano­
particles. Thermal ablative energy induces 
necrosis of the tissue of interest via tempera­
tures high enough to cause focal cell death, 
while ideally sparing the surrounding healthy 
tissue.

Metal nanoshells consist of a spherical die­
lectric nanoparticle surrounded by a thin, 
conductive, metallic layer—typically silver or 
gold. Each metal shell has an intrinsic surface 
plasmon resonance (SPR) that can be tuned 
to interact with a range of light frequencies, 
which excite surface electrons, leading to 
collective oscillation. As the electrons relax 
to their ground state, the metal particles 
release thermal energy [16,17].

Varying the composition, core size, and 
shell thickness of a particular metal nanoshell 
results in alterations in its plasmon reso­
nance, ranging from the visible to the near‐
infrared (NIR) regions of the spectrum. For 
biologic application, properties of nanopar­
ticles are tuned to generate an optimal pho­
tothermal response to NIR light waves 
(650–900 nm). Light waves in this spectrum 
are transmitted through biologic tissue with 
very low scattering and minimal heating 
because waves in this frequency pass through 
water and chromophores with minimal 
absorption [16,18].

Phototherapy‐induced thermal ablation 
attempts to induce a local temperature rise 
among targeted tissue. Temperatures from 45° 
to 60 ° C have been reported as the necessary 

threshold at which protein denaturation and 
cell death of cancer cells occur [19–22]. Early 
investigators into radiofrequency ablation 
(RFA) of renal tumors posited that heating 
tissues to 60 ° C routinely leads to desiccation 
and coagulative necrosis. In addition to the 
direct effects on cellular structure, supra­
physiologic temperatures cause microvas­
cular and arteriolar occlusion, resulting in 
ischemia at the target site. Similar to the 
concept of RFA for renal tumors, the goal 
is to concomitantly spare a lethal dose 
of  heat energy to surrounding healthy 
tissue [23].

Several researchers have published their 
results on the use of various three‐dimensional 
models and spherical‐based bio‐heat equa­
tions to optimize the radius of heat delivery 
to limit lethal doses of heat energy to less 
than 10% of surrounding healthy tissue 
[22,24]. Stern et al. demonstrated the concept 
of a strict zone of cell death, where a 1.6‐mm 
zone of ablation correlated precisely to the 
laser spot size used to activate the nanoparti­
cles in a PC‐3 prostate cancer cell line 
(Figure 15.1) [25,26].

Types of Nanoparticles

There are a plethora of nanoparticles (NP), 
both in terms of their bulk metal constitu­
ents and their overall shape and composi­
tion (Figure  15.2). Nearly all nanoparticles 
derive their ablative potential through laser 
or magnetic activation and subsequent heat 
exchange. The first nanoparticle developed 
was a gold nanoshell (GNS), and many other 
gold‐based nanoparticles have since been 
developed. Gold nanoparticles have been 
popular because gold is resistant to corrosion 
and oxidation, has a low toxicity profile, 
inert chemical properties, and conforma­
tional flexibility for use in a variety of structural 
applications [15]. It also has easily tunable 
optical absorption, with ordinary gold 
nanospheres and more complex gold‐based 
shapes reaching plasmon resonance varying 
from 520 nm into the NIR range (800–1200 nm). 
Gold has also been shown to facilitate easy 
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conjugation of proteins onto its surface and 
to support the addition of stealthing poly­
mers (i.e., polyethylene glycol) to its surface 
to enhance biocompatibility and improve 
blood circulation times [27–29].

Currently, silica‐based GNS comprise the 
most common structures used in photother­
mal therapeutics [16,30–35]. Silica‐based 
GNS consist of a dielectric (silica) core with a 
gold metal shell [36,37]. Their use in urologic 
cancers will be discussed in more depth later. 
Gold nanorods (GNRs) are a structural vari­
ation of the GNS. Their anisotropic shape 
affords them two distinct SPR bands, which 
are tunable based on their aspect ratio 
(length/width). One peak occurs at 520 nm 
(similar to the GNS) and a second stronger 
peak occurs at NIR wavelengths (650–900 nm), 
making the latter most suitable for in‐vivo 
applications [38–41].

Gold‐gold sulfide (GGS) NPs replace the 
traditional silica core with a gold‐sulfide core 
and pure gold shell. In comparison to silica‐
based gold nanoshells, GGS NPs have several 
advantages. First, they are significantly smaller 
particles—35‐55 nm compared to 120–
140 nm—which may facilitate their use in 
biologic applications. In addition, they wit­
ness a higher absorption efficiency at the 
NIR spectrum attributed to their higher 
absorption cross‐sectional area ratio. GGS 
NPs have shown efficacy both in vivo and in 
vitro. In vitro, for example, they induced cell 
death by photothermal ablation when conju­
gated to HER2 and targeted to HER2 express­
ing breast cancer [16].

Other gold nanostructures have been 
developed, which include hollow gold 
nanoshells and gold nanocages. Hollow gold 
nanospheres have a core that is comprised of 

Figure 15.1  Left, Depicts a zone of nonviability/ablation in PC‐3 cells after near‐infrared laser ablation with 
gold nanoshells. The zone of nonviability (1.6 mm) correlates with laser spot size. Right, Dark field microscopy 
of PC‐3 cells stained with Calcium AM 1 hour after laser activation. Despite loss of viability, cells maintain intact 
morphology, as seen under dark field microscope. Reprinted with permission from Stern JM, Stanfield J, 
Kabbani W, Hsieh JT, Cadeddu JA [26].
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the surrounding media, and varying the wall 
thickness adjusts the surface plasmon band 
absorption. Gold nanocages are character­
ized by hollow interiors and extremely thin, 
porous walls. They can be prepared in large 
quantities by a simple reaction, and the SPR 
of these structures is modifiable based on 
controlling the particle’s size and wall thick­
ness. They can create a lethal temperature 
when excited and have been shown to suc­
cessfully ablate glioblastoma (GB) cells in 
mice subjected to laser treatment. GB cells 
without prior gold nanocage injection sub­
jected to laser treatment did not reach a tem­
perature greater than 37 ° C [42].

Nongold–based NPs have also shown con­
siderable potential. Single‐ and multi‐walled 
carbon nanotubes (SWNTs and MWNTs) 
have shown efficacy in vitro and in vivo. 
They are cylindrical structures ranging from 

a few to hundreds of nanometers, with 
lengths up to a few micrometers [43]. They 
are exceptionally photostable and demon­
strate a strong optical absorption near the 
NIR region. When exposed to NIR light car­
bon nanotubs release vibrational energy 
that can create a heat lethal heat exchange 
[16,44–46]. In comparison to SWNTs, 
MWNTs absorb significantly more NIR 
radiation owing to their increased number 
of electrons per particle and greater number 
of metallic tubes. They also release substan­
tial vibrational energy after exposure to NIR 
radiation [47–49]. Carbon nanotubes can 
also be functionalized by adding small 
molecular drugs, proteins, and even genes 
for delivery to a tissue [46,50]. Lastly, tita­
nium oxide nanotubes (TiO‐NTs) have also 
demonstrated a curative effect in cancers of 
the esophagus, gastrum, colon, skin, breast, 

Escherichia coli (1 μM) Cell Nucleus (4–7 μM)

Gold Nanoshell (100 nM)

Carbon Nanotube (4–10 nM)
Gold Nanoparticle (10 nM)

Red Blood Cell (7–8 μM)
White Blood Cell (12–15 μM)

Figure 15.2  A comparison of the size of various nanoparticle structures to common cell types, cellular 
components, and bacterium.
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and liver by using NIR laser–based photo­
thermal energy [16,51].

A range of nanoparticles have also been 
developed for use in diagnostic assays. In the 
field of oncology, paramagnetic nanoparti­
cles have been widely described to enhance 
the diagnostic use of magnetic resonance 
imaging (MRI). Investigational iron oxide par­
ticles (ferumoxtran‐10, AMI‐227, Combidex; 
Cambridge, MA, United States; Sinerem, 
Laboratoire Guerbet, Aulnay‐sous‐Bois, 
France) enjoyed a period of celebrity within 
the urology world based on their ability to 
enhance magnetic resonance detection of 
occult lymph node metastases from prostate 
cancer [52,53]. These particles measure 
between 30 and 50 nm and consist of an 
active iron oxide crystalline core surrounded 
by a low‐molecular‐weight dextran coating, 
which prolongs their time in circulation. 
They have been shown to facilitate detection 
of prostate cancer‐containing lymph nodes 
as small as 2 mm and to have an overall posi­
tive predictive value of 95% for the detection 
of positive lymph nodes of any size [53–55].

Delivery and Use of Nanoparticles

A range of diagnostic modalities have 
employed nanoparticles to enhance their 
diagnostic accuracy. As discussed, MR lym­
phangiography (MRL) uses lymphotropic 
paramagnetic nanoparticles to enhance 
detection of occult or positive lymph nodes. 
These particles are injected intravenously 
after reconstitution with normal saline. 
Owing to their small size, they extravasate 
from blood vessels into the interstitium, both 
by direct transcapillary passage as well as 
nonselective endothelial transcytosis across 
permeable capillaries. From there, they are 
transported to lymph nodes. Macrophages 
within normal or benign lymph nodes phago­
cytose these particles, which are subsequently 
biodegraded within phagolysosomes. Nodes 
containing malignant cells lack functioning 
macrophages and will not uptake the nano­
particles and as such, malignant areas within 
the nodes retain their signal intensity and 

remain bright on T2‐ and T2‐weighted 
images (Figure 15.3) [52,53,56,57].

MRL has demonstrated an enhanced 
diagnostic capacity compared to standard 
CT or MRI for detecting positive lymph 
nodes. A meta‐analysis of 12 studies evalu­
ated the particles’ efficacy across a range of 
malignancies, including prostate cancer, 
testicular cancer, seminoma, bladder cancer, 
and renal cancer. It revealed a pooled sensi­
tivity of 82–100% and specificity of 80–100%, 
compared to 39% and 90%, respectively, for 
standard MRI [56,58].

In addition to their diagnostic potential, 
nanoparticles have been widely used in cancer 
therapeutics, both as a means to deliver 
thermal‐based energy as well as to deliver tar­
geted therapy to lesions. Particle delivery can 
be passive or targeted and can be delivered 
intravenously or injected directly into a 
tumor. Initial in‐vivo studies used a direct 
injection of nanoshell suspensions into a 
tumor site, which was then subjected to 
a lethal dose of NIR‐mediated thermal ablative 
energy. Given varied tumor types, some difficult 
to reach locations, and varied dispersion of 
particle within a tissue bed after direct tumor 
injection, this method has been of limited 
urologic use.

Intravenous passive particle delivery was 
subsequently developed. After injection, 
particles circulate and accumulate at the 
tumor site of interest based on the “enhanced 
permeability and retention” (EPR) effect. 
This states that as neoplastic tumors grow, 
they experience concomitant rapid angiogenesis 
which leads to a defect in the vascular archi­
tecture, causing “leaky vessels.” Nanoparticles 
of a sufficiently small size extravasate out 
of  the vasculature and accumulate within 
tumors. Particle retention is enhanced by the 
altered lymphatic drainage of tumors. Size is 
clearly of critical importance, with particles 
in the 60‐ to 400‐nm range being ideal for 
passive tumor targeting [15,17].

Once the nanoparticles reach the tumor of 
interest, photothermal or photoacoustic energy 
is delivered by a variety of mechanisms: NIR 
lasers, magnetic hyperthermia, microwave and 
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Figure 15.3  (a, b)Electron micrograph images of hexagonal lymphotropic superparamagnetic nanoparticles, 
which measure 2–3 mm. (c, d) Molecular model of packing iron oxide crystals. (e) Mechanism of action of 
lymphotropic superparamgnetic nanoparticles. Reprinted with permission from Clèment O, Guimaraes R, 
de Kerviler F, Frija G [57].
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radiofrequency energy, and focused ultra­
sound. They share a common goal of deliver­
ing a lethal dose of thermal energy to a 
prescribed volume of tissue, while sparing the 
surrounding healthy tissue. Although tissue 
necrosis is the ultimate goal, achieved at ther­
moablative temperatures of 45 ° C and above, 
mild temperature hyperthermia (40°–45 ° C) 
also serves a utility. These slightly lower tem­
peratures mediate antitumor effects via 
induction of apoptosis, activation of immu­
nological processes, and induction of gene 
and protein synthesis. These factors can lead 
to greater efficacy of conventional treatment 
modalities, such as chemotherapy, immuno­
therapy, and radiation therapy [4,59–64].

Active tumor targeting has been widely 
studied in cell culture. The use of intrave­
nous injection of a nanoparticle conjugated 
to a targeted ligand or antibody is an ongoing 
goal. The initial nanoparticle report of the 
ability to directly target tumor cells used ade­
novirus to deliver gold nanoshells to cervical 
and carcinoembryonic antigen (CEA)‐
expressive colon cancer cell lines [65]. 
Researchers were able to directly targert 
CEA‐expressing ligand on the tumor cell. 
Each vector delivered an astonishing 1,000 
gold nanoparticles, which when activated by 
NIR light successfully ablated the targeted 
cells. Similarly, an in‐vitro model using oral 
squamous cell carcinoma cells that overex­
pressed epidermal growth factor receptor 
(EGFR) were incubated with 40‐nm GNS 
cells conjugated with an anti‐EGFR mono­
clonal antibody and exposed to an argon 
laser at 514 nm. Complete cell death was 
achieved using a laser energy that alone, 
without the use of a nanoparticle, would be 
nonlethal [66].

Nanotechnology 
in Prostate Cancer

In urology, prostate cancer has received the 
most attention with regard to the use of 
nanotechnology for both diagnostic and 
therapeutic platforms. The prevalence of 

prostate cancer—affecting 1 in 6 men throu­
ghout their lifetime—and the marked trend 
toward using minimally invasive, tissue‐
sparing therapies have rendered it a target of 
considerable interest [4].

Imaging in Prostate Cancer

Iron oxide particles currently dominate the 
field of prostate cancer nanoparticle‐based 
imaging. The first nanotechnology break­
through in prostate cancer imaging was with 
Combivex, a monocrystalline iron oxide lym­
photropic superparamagnetic nanoparticle 
(mentioned previously). In the authors’ initial 
series, 80 patients had intravenous particle 
infusion subsequent preoperative MRI fol­
lowed by radical prostatectomy with lymph 
node dissection. Pathologic and imaging 
characteristics were compared. On a patient 
to patient analysis, MRI was 100% sensitive 
and 96% specific for the detection of positive 
lymph nodes after nanoparticle injection. For 
lymph nodes with a diameter of 5–10 mm on 
the short axis, which would be considered 
normal on conventional MRI, the sensitivity 
of MRI with lymphotropic superparamag­
netic nanoparticles was 96.4% [57].

Several studies since the incident study have 
looked at the diagnostic accuracy of MRL in 
comparison to nonenhanced‐MRI for detec­
tion of occult lymph node metastases. MRL 
and standard MRI images were compared 
with the surgical pathology of resected lymph 
nodes at time of prostatectomy. The use of 
MRL with a 1.5‐T MRI revealed an overall 
sensitivity and specificity of detecting cancer‐
containing lymph nodes at 82–100% and 
87–99%, respectively [56,57,67,68]. The sensi­
tivity of standard CT and MRI for suspicious 
lymph nodes, which is based on shape and 
size criteria, is a mere 39–42%. As such, this is 
a substantial improvement [69]. Figure  15.4 
demonstrates the limitations of standard MRI 
and CT for detection of lymph node metasta­
ses in prostate cancer.

Recently, a prospective study compared the 
diagnostic accuracy of MRL to multidetector 
CT (MDCT) in 375 patients with prostate 
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cancer with an intermediate or high risk of 
having lymph node metastases based on pre­
dictive nomograms. All patients were evalu­
ated by both MRL and MDCT and underwent 
either pelvic lymph node dissection (PLND) 
or fine‐needle aspiration biopsy. Imaging 
results were compared with histologic find­
ings. Overall, the sensitivity and negative pre­
dictive value of MRL compared to MDCT 

were significantly higher, at 82% compared to 
34% and 96% compared to 88%, respectively. 
The authors suggest that for patients with 
intermediate or high risk of having lymph 
node metastases, the posttest probability of 
having lymph node metastases after a negative 
MRL may be low enough to consider omitting 
the need for a PLND [67]. In an illustrative 
example of the power of MRL, Weidner et al. 
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Figure 15.4  As compared with conventional MRI (Panel a), MRI obtained 24 hours after the administration of 
lymphotropic superparamagnetic nanoparticles (Panel b) shows a homogeneous decrease in signal intensity 
due to the accumulation of lymphotropic superparamagnetic nanoparticles in a normal lymph node in the left 
iliac region (arrow). Panel (c) shows the corresponding histologic findings (hematoxylin and eosin, ×125). 
Conventional MRI shows a high signal intensity in an unenlarged iliac lymph node completely replaced by 
tumor (arrow in Panel d). Nodal signal intensity remains high (arrow in Panel e). Panel F shows the 
corresponding histologic findings (hematoxylin and eosin, ×200). Conventional MRI shows high signal 
intensity in a retroperitoneal node with micrometastases (arrow in Panel g). MRI with lymphotropic 
superparamagnetic nanoparticles demonstrates two hyperintense foci (arrows in Panel h) within the node, 
corresponding to 2-mm metastases. Corresponding histologic analysis confirms the presence of 
adenocarcinoma within the node (Panel i, hematoxylin and eosin, ×200). Reprinted with permission from [60].
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used MRL to identify 5 cancer‐containing 
lymph nodes in a patient who had undergone 
radical prostatectomy. This information was 
used to guide postsurgical intensity‐modu­
lated radiation therapy (IMRT). After his 
course of IMRT, a repeat MRL revealed no 
evidence of metastatic disease and a 
decrease in his PSA from 2.06 ng/mL before 
IMRT to 0.02 ng/mL after IMRT [70].

In addition to the enhanced sensitivity and 
specificity of MRL for detecting metastatic 
lymph nodes compared to standard CT and 
MRI, MRL appears to augment prediction 
of survival. Meijer et al. recently analyzed 138 
patients with prostate cancer, with nonen­
larged lymph nodes on CT, who underwent 
preoperative MRL using ferumoxtran‐10 
(iron oxide based) nanoparticles [71]. 
Histopathologic findings, obtained by either 
surgical lymph node dissection or CT‐guided 
lymph node biopsy, were compared to 
preoperative imaging. They found that the 5‐
year overall survival for a negative MRL com­
pared to a positive MRL was 96% and 57%, 
respectively. Five‐year distant metastasis free 
survival was and 94% and 49%, respectively. 
Within the MRL positive group, a subgroup 
analysis of patients based on dimensions of 
positive lymph nodes was performed. The 
authors found that those patients with smaller 
positive lymph nodes (short axis of largest 
positive lymph nodes <8 mm) had a much bet­
ter 5‐year metastasis free (79% vs. 16%) and 
overall survival (81%  vs. 36%) compared to 
those with larger positive lymph nodes (short 
axis of largest positive lymph nodes >8 mm). 
At the present time, ferumoxtran‐10 is not 
approved by the Food and Drug Administration 
in the United States but is used in controlled 
trials in several European countries.

Beyond MRL, a recent in vitro study 
reported on the use of carbon nanotubes 
loaded with anti‐PSA antibodies applied to 
an electrochemical immunosensor to detect 
differences in PSA concentration among 
normal prostate and prostate cancer cell 
lines. The authors reported that their immu­
noassay had a high sensitivity for detecting 
prostate‐cancer containing cells and that it 
had good reproducibility and accuracy [72].

Therapeutics in Prostate Cancer

The first in‐vivo study assessing the efficacy 
of nanoparticles for delivering thermal abla­
tive energy to prostate cancer cells involved 
the direct tumor injection of paramagnetic 
nanoparticles into orthotopic Dunning 
R3327 prostate cancer‐containing rats. 
The researchers demonstrated successful 
intraprostatic infiltration of the particles, 
excellent tolerability, and a stable lethal intra­
tumoral temperature of 50 ° C when sub­
jected to an alternating magnetic field [73]. 
A  subsequent study by this group revealed 
that the combination of paramagnetic nano­
particles with radiation therapy (20 Gy) had 
the same therapeutic efficacy to that of a 
single radiation dose of 60 Gy, thus offering a 
potential adjunct to radiation therapy to 
reduce the overall radiation dose [74].

The first in‐vivo study using passive 
intravenous injection of particles in a pros­
tate cancer model used an orthotopic 
mouse model of human prostate cancer to 
assess the  efficacy of gold nanoshells to 
thermally ablate prostate cancer. Stern et al. 
ablated 14 tumors with a 93% ablation rate 
reaching a maximum temperature within 
the tumor of 65.4 ° C [26]. Furthermore, the 
authors noted no ablative effect or local 
skin change from the application of NIR 
laser treatments at sites other than the 
PC‐3 subcutaneous tumor in animals that 
received intravenous injection of GNS, sug­
gesting success of passive targeted delivery 
of intravenous particles.

Ghosh et al. later investigated the in‐vivo 
use of DNA‐encased MWNTs to deliver a 
payload to PC3 xenograft tumors [75]. This 
study followed previous findings that DNA 
encasement of SWNTs increases their hydro­
philicity [76]. The authors found that DNA 
encasement not only increased MWNT 
hydrophilicity and the ability to generate an 
aqueous solution for intratumoral injection, 
but it also generated heat with a linear 
dependence on laser power and irradiation 
time. DNA encasement yielded a threefold 
reduction in the total concentration of 
MWNTs needed to raise the temperature 
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of  the PC3 cells by 10 ° C, demonstrating 
the malleable nature of nanoparticles. 
Furthermore, laser irradiation of the injected 
tumor cells resulted in complete eradication 
of tumor cells in all mice.

Evidence also supports the potential use of 
nanoparticles in suppressing tumor prolifer­
ation in metastatic prostate cancer. Prostate 
cancer nodules transplanted into the calvaria 
of male rats underwent intratumoral injec­
tion of paramagnetic nanoparticles conju­
gated to cationic liposomes. They were then 
subjected to alternating magnetic field irra­
diation. Results showed significant suppres­
sion of tumor proliferation in the bone 
microenvironment with induction of a 
necrotic mass around the magnetic particles 
in the tumor [77].

More recently, a number of studies have 
published their findings with regard to tar­
geted therapy and nanoparticles. One 
group developed a dual‐aptamer complex 
specific to prostate cancer cells to facilitate 
the delivery of Doxorubicin across the cell 
membrane. In vitro, Doxorubicin was 
loaded onto the complex and found to 
induce apoptosis of both prostate‐specific 
membrane antigen (PSMA) (+) and (–) 
cells. In vivo, the aptamers were loaded 
onto superparamagnetic iron oxide nano­
particles and cultured with PSMA (+) and 
(–) prostate cancer cells, as well as with 
noncancer‐containing cells. The authors 
demonstrated effective uptake by prostate 
cancer cells as well as apoptosis by histo­
logic review in vivo [78].

Similarly, Yu et al. used a PSMA aptamer‐
conjugate thermally cross‐linked to super­
paramagnetic iron oxide nanoparticles. As 
imaged by T2‐weighted MRI, these particles 
demonstrated preferential binding toward 
prostate cancer cells both in vivo and in vitro. 
The molecules were then loaded with 
Doxorubicin, which showed selective drug 
delivery in the LNCaP xenograft mouse 
model, an example of the benefits of a tar­
geted approach to nanoparticle delivery [79].

More recently, researchers have turned 
to the use of nanoparticles to enhance or 

modify Docetaxel (DTX) in the treatment 
of prostate cancer. DTX is one of the most 
important chemotherapeutic agents for 
castration resistant prostate cancer, but it 
is not without considerable side effects. 
Sato et  al. investigated ways to limit the 
toxicity of chemotherapy. They found that 
conjugating Fe3O4 magnetic nanoparticles 
(MgNPs‐Fe3O4) to DTX lowered the dose 
of DTX required to achieve a similar cyto­
toxic effect to that of a higher dose of free 
DTX. Specifically, 10 nM of DTX had an 
equivalent inhibitory effect as 1 nM of 
DTX combined with the nanoparticle. This 
shows promise for the use of MgNPs‐
Fe3O4 nanoparticles in combination with 
Docetaxel as a means of lowering the 
chemotherapeutic minimal effective dose 
and thereby reducing the adverse effects of 
this chemotherapeutic agent [80]. Similar 
findings were also reported by a Sanna 
et al. who reported on the in‐vitro efficacy 
of Docetaxel‐loaded polymeric nanoparti­
cles [81].

Another recent study looked at the novel 
use of polymeric nanoparticles encapsulating 
trans‐resveratrol (NP‐RSV), an anti‐
proliferative and chemopreventative phyto­
alexin derived from plants [82]. In prostate 
cancer cell lines, RSV has been shown to 
inhibit growth in a concentration‐
dependent manner, to induce apoptosis, 
and reduce oxidative stress and nitric oxide 
production in premalignant cells, thus 
slowing cellular growth [83–87]. The use of 
RSV alone is limited because of its poor 
solubility, low bioavailability, and instabil­
ity. Sanna et  al. loaded nanoparticles with 
RSV and tested them in vitro against three 
human prostate cancer cell lines: DU‐145, 
PC3, and LNCaP. They found that the NP‐
RSV particle was readily internalized by the 
cells and subsequently controlled the 
release of RSV at a pH of 6.5 and 7.4, mim­
icking the tumoral acidic environment and 
physiologic conditions. Furthermore, NP‐
RSV compared to  RSV alone resulted in a 
significant dose‐dependent increase in cell 
growth inhibition.
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Nanotechnology in Renal 
Cancer

Studies reporting the use of MRL for detec­
tion of renal cancer or metastases have 
received considerably less attention than that 
of prostate cancer. A pilot study evaluated 
the use of MRL for identifying nodal metas­
tases in nine patients with primary renal 
masses. Both T2‐ and T2*‐weighted MRI 
images were obtained for all patients before 
and after the administration of Combidex. 
All patients underwent radical nephrectomy, 
and lymph node dissection was performed 
for those with stage 2 renal cell carcinoma or 
transitional cell cancer. Pathologic compari­
son by two blinded pathologists in compari­
son with the MRL findings was performed. 
The sensitivity and specificity of MRL for 
detecting lymph node metastases was 100% 
and 95.7%, respectively. These results are 
promising but certainly warrant further, 
larger studies [88].

Similarly, there have been few studies 
reporting on the therapeutic effects of pho­
tothermal nanoparticle therapy. Bruners 
et  al. employed CT‐guided magnetic ther­
moablation of malignant renal tumors in a 
VX2 tumor rabbit model. CT‐guided 
injection of superparamagnetic iron oxide 

particles into the tumor was performed. The 
tumors were then exposed to an alternating 
electromagnetic field. Hypovascular regions 
on posttherapy CT perfusion scans corre­
sponded well to areas of tumor necrosis and 
to the zones containing the nanoparticle. 
These findings suggest that CT‐guided mag­
netic thermoablation of renal malignancies is 
feasible in an animal model [89].

Pedro et  al. used a 30‐nm gold particle 
(CYT‐6091, Cytimmune Sciences, Inc.) 
conjugated to tumor necrosis factor alpha 
to enhance the kill zone induced by RFA in 
renal tumors in New Zealand White rab­
bits. The rabbits were treated with either 
CYT‐6091 alone, RFA alone, or CYT‐6091 
followed by RFA. Nanoparticles were 
delivered intravenously and accumulated 
at the tumor site passively. Posttherapy 
microscopic examination revealed that the 
combination of CYT‐6091 and RFA had a 
larger zone of complete cell death com­
pared to the RFA‐alone group (Figure 15.5). 
Furthermore, the former group had a 
smaller zone of partially ablated tissue 
than the RFA‐alone group. Augmenting 
existing technology is of a clear benefit, as 
seen previously with Docetaxel. This is an 
exciting early pilot study that warrants 
further study [90].
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Figure 15.5  Microscopic images. (a) RFA only. (b) RFA and CYT‐6091. Beginning of hemorrhagic rim and end of 
complete cell death zone indicated by arrow tips. The end of thermal injury is marked by the stars. Note the 
difference in diameter of zone of incomplete cell death between the two images. NEC, central necrotic area. 
Reprinted with permission from Wang TT, Hudson TS, Wang TC, Remsberg CM, Davies NM, Takahashi Y, 
et al. [90].
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Nanotechnology in Other 
Urologic Cancers

The use of nanoparticles in other urologic 
malignancies has been reported to an even 
smaller degree. Regarding testis cancer, a 
prospective pilot study looked at the use of 
MRL to detect metastatic disease within 
retroperitoneal lymph nodes in patients 
with stage I testis cancer. Patients under­
went a pelvic MRI both before and after 
injection of ferumoxtran‐10. Lymph nodes 
were sampled by either CT‐guided biopsy 
or laparoscopy and reviewed by a blinded 
pathologist. The authors demonstrated that 
MRL had a sensitivity of 88.2%, specificity 
of 92%, and accuracy of 90.4%. This was 
much improved compared to the sensitivity, 
specificity, and accuracy of unenhanced 
MRI or conventional CT based on nodal 
size criteria, at 70.5%, 68%, and 69%, respec­
tively [91].

Similarly, the use of MRL for detection of 
regional lymph node metastases in penile 
cancer was evaluated. Seven patients with 
squamous cell carcinoma of the penis under­
went MRL using ferumoxtran‐10. All patients 
then underwent groin dissection and com­
parison of their nodal images with histologic 
review. MRL had a sensitivity of 100%, speci­
ficity of 97%, and negative predictive value of 
100%. These findings suggest that MRL accu­
rately predicts the pathologic status of 
regional lymph nodes in patients with cancer 
of the penis [92].

Urothelial carcinoma has received lim­
ited attention in regard to nanotechnology 
application. At present, patients with high‐
grade nonmuscle‐invasive bladder cancer 
(NMIBC) that are treated with intravesical 
agents have a 50% chance of disease recur­
rence. A Phase I trial of nanoparticle 
albumin‐bound paclitaxel for bacillus 
Calmette‐Guérin (BCG)‐refractory NMIBC 
was performed. The nanoparticle‐bound 
paclitaxel was administered intravesically 
in a modified Fibonacci dose‐escalation 
model until the maximum deliverable dose 
was achieved in 18 patients with recurrent 

NMIBC who failed at least two prior intra­
vesical therapeutic agents. A review of 
adverse events revealed that 1 patient expe­
rienced systemic absorption after one treat­
ment and 56% of patients experienced 
grade 1 local toxicity (i.e. dysuria). There 
were no reports of grade 2–4 toxicities. 
These findings support this particle as a 
tolerable agent for possible treatment of 
NMIBC [93].

In regard to platinum‐refractory metastatic 
urothelial carcinoma, there is no standard 
treatment. Although taxanes and vinflunine 
are used, the local response is less than 20%. 
Furthermore, these treatments have shown no 
survival benefit. A recent Phase II trial evalu­
ated the efficacy and tolerability of nanoparti­
cle albumin‐bound (nab) paclitaxel in 48 
patients with platinum‐refractory urothelial 
carcinoma. Overall, nab‐paclitaxel was well 
tolerated. Furthermore, there was an overall 
response rate of 27.7%; 1 patient (2.1%) had a 
complete response and 12 patients (25.5%) 
had a partial response. These findings support 
further investigating into nab‐paclitaxel as a 
potential second‐line therapy for urothelial 
carcinoma [94].

Limitations of Nanoparticles

The use of nanotechnology in the treatment of 
urologic malignancies offers tremendous 
potential. Nonetheless human trials are badly 
needed and the technologies limitations 
require discussion. The first is that of toxicity 
of nanoparticles. The use of gold and iron 
oxide as bulk metals is accompanied by a 
familiar safety profile. As nanoparticles how­
ever, their unique formulations, properties, 
and size warrant continued systematic evalua­
tion. The clinical use of monocrystalline iron 
oxide lymphotropic superparamagnetic nano­
particles has been under continued U.S. Food 
and Drug Administration (FDA) scrutiny. The 
investigational drug has been approved in 
some European countries for continued clini­
cal investigation. In comparison, GNS have 
been widely tested in preclinical trials, and 
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clinical trials are currently underway for further 
investigation. The Nanotechnology Characterization 
Laboratory, the National Institute of Standards 
and  Technology (NIST), and the FDA facilitate 
current testing [4].

Another challenge is the biodistribution of 
particles within a tumor of interest. The spa­
tial arrangement of nanoparticles within a 
tumor largely determines the distribution of 
heat when phototherapy is applied. Direct 
intratumoral injection of nanoparticles 
yields a nonuniform distribution and often 
requires multiple injections as compensa­
tion, further compounding uneven distribu­
tion [4].

Even more challenging is quantifying the 
distribution of particles within a tumor after 
systemic, or intravenous, injection. The accu­
mulation of particles within the tumor is 
influenced by the particles’ shape, surface 
charge, hydrodynamic diameter, and proper­
ties of the polyethylene glycol surface coating 
used to augment evasion from the reticuloen­
dothelial system [95–97]. Although smaller 
particles (hydrodynamic diameter of 5.5 nm) 
typically evade the reticuloendothelial system, 
larger particles (20 nm) are generally captured 
by macrophages and may not reach the tumor 
of interest. Furthermore, nontargeted nano­
particles tend to accumulate—again, in a 
nonuniform manner—in the perivascular 
zone of a tumor because of leaky vascular 
fenestrations and immature vascular archi­
tecture. In the absence of targeting nanoparti­
cles to tumor‐specific biomarkers, the 
homogeneity of distribution is limited. 
Similarly, for some particles there is no effec­
tive means to confirm intravenous accumula­
tion within a targeted tumor, hence limiting 
its clinical use.

An additional limitation of this technology 
is that of quantifying or visualizing particles 
after they have accumulated within a tumor. 
MRL, as discussed previously, uses iron oxide 
particles to detect a signal change in malig­
nant lymph nodes. However, this modality is 
unable to quantify or visualize the number of 
particles in a tissue of interest. Quantification 
of particle concentration would assist in 

planning the thermal dose that could be 
achieved with laser or magnetic particle acti­
vation. One technique that is able to provide 
a rough estimate of the number of gold nano­
particles within tumors is diffuse optical 
spectroscopy (DOS). This technique delivers 
and collects light from a tissue by means of 
an optical fiber probe and indirectly meas­
ures gold concentration. It cannot, however, 
provide information about the spatial distri­
bution of the particles [4].

Finally, consequent to the difficulties with 
mapping and quantifying the number of nan­
oparticles in a tissue of interest, the ability to 
generate a dosimetry model for a tissue of 
interest is limited. Although dosimetry for­
mulations are used to guide radiation ther­
apy, they are not directly applicable to 
photothermal therapy because of the uneven 
distribution of particles, as well as the effect 
of tissue physiology on thermal dosimetry 
(heat dissipation, tissue conductivity and 
perfusion, degree of vascularity). One study 
has used the technique of quantum dot 
(QD)–mediated fluorescence thermometry 
to monitor thermal energy in an in‐vitro 
thermal ablation zone generated by laser‐
heated GNS in PC3 cells with promising 
results, although future work is needed [98].

Future Directions 
and Conclusions

Diagnostic imaging using nanoparticles 
largely centers around the use of MRL. 
Although original studies focused on iron 
oxide particles, recent studies have reported 
on ultrashort SWNTs encapsulating 
Gadolinium (Gd3 + n‐ion clusters), or “gado­
nanotubes,” as exceptional superparamag­
netic molecular magnets. In comparison to 
standard Gd3+‐based contrast agent used for 
MRI, they have shown an efficacy 40–90 
times greater. More recently, Hu et al. devel­
oped hybrid gold‐gadolinium nanoclusters 
(NCs) [99,100]. These ultrasmall particles 
are stable, biocompatible, and suitable for 
triple‐modal therapy using NIR fluorescence, 
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CT, and MRI imaging. They accumulate in 
tumor tissues and are easily cleared by the 
kidneys and have demonstrated to be prom­
ising probes for further research into cancer 
targeted imaging and diagnosis in vivo [101].

In future therapeutics, additional research 
into nanoparticles’ capacity to enhance cur­
rent therapies is needed. Nanoparticles have 
been used in combination with radiation 
therapy to enhance a focal dose of radiation 
preferentially within mice tumors, but 
human studies are currently lacking [102]. In 
addition, further development of nanoparti­
cles loaded with a targeted agent to allow for 
both photothermal therapy as well as tar­
geted therapy is predicted. Studies have 
already demonstrated promise for the use of 
Docetaxel‐loaded nanoparticles for prostate 
cancer and tumor necrosis factor alpha‐
loaded nanoparticles in renal cell carcinoma, 
among others [81,90]. Further studies to 
standardize nanoparticle production and 

loading of targeted agents, to evaluate the 
biocompatibility of functionalized nanopar­
ticles, to standardize administration, and to 
improve distribution of particles within a 
tumor are needed.

In conclusion, the field of nanotechnology 
has exploded concomitant with an increasing 
interest in improving diagnostic accuracy in 
cancer therapeutics and trends toward tissue 
preservation. In urology, studies have dem­
onstrated considerable promise for improved 
diagnostic accuracy of prostate cancer stag­
ing using MRL, as well as the potential for 
targeted and minimally invasive treatment. 
A smaller set of studies has also shown simi­
lar promise for renal cancer. As further clini­
cal trials are conducted, the possibility of 
FDA approval follows. In turn, the evolution 
of nanotechnology holds remarkable poten­
tial for the future of cancer diagnostics 
and  tissue‐sparing therapy in urologic 
malignancies.
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The promise of focal therapy for localized 
prostate or kidney cancer lies in its potential 
ability to reduce the morbidity of more aggres-
sive “definitive” therapies while maintaining 
equivalent oncologic outcomes. However, 
before endorsing widespread uptake of focal 
therapy for these common malignancies, it is 
critical that the scientific community generate 
well‐designed studies that document that 
these novel therapeutic approaches truly fulfill 
this promise. Comparative effectiveness stud-
ies of “traditional” approaches to the treatment 
of localized prostate or kidney cancer, 
however, have proven difficult to complete for 
various reasons. It is, therefore, not surprising 
that there are few well‐designed studies 
comparing the effectiveness of focal therapies 
to existing treatments in these malignancies. 
Specifically, there are no unequivocal obser-
vational or randomized clinical trials to guide 
clinicians regarding when to use focal therapy, 
when not to use it, and how best to follow 
patients after treatment.

Why is it so difficult to complete meaning-
ful research in this space? Study design in 
these settings is hindered by a number of 
elements. First, the long natural history of 
prostate cancer [1,2], as well as that of small 
renal masses [3], renders the use of overall or 
cancer‐specific mortality (CSM) as primary 
endpoints difficult and often makes studies 

unrealistically long and prohibitively expen-
sive. To this end, focal therapy trials often 
rely on proxy endpoints. In the case of both 
prostate and kidney cancer, the validity of 
these outcomes has proven controversial. For 
example, the significance of a rise in serum 
prostate‐specific antigen (PSA) levels after 
focal therapy for prostate cancer remains of 
unclear meaning. In fact, this is also true 
after radiotherapy and prostatectomy [4]. 
Simply put, the choice of endpoint in studies 
of the effectiveness of focal therapy is a 
challenge.

Even if one can identify proxy outcomes that 
are clinically meaningful and can be compared 
in short‐ or intermediate‐term follow‐up, there 
is still the issue of selection bias that is inherent 
in nonrandomized study designs around 
invasive interventions [5]. Specifically, obser-
vational studies that compare the effectiveness 
of focal therapy to more invasive whole‐organ 
treatment are subject to confounding by indi-
cation. Patients who select focal therapy may 
be inherently different than those who select 
whole‐organ treatment.  Although there may 
be methods of risk adjustment that can account 
for this, at least in part, it is virtually impossible 
to completely eliminate this type of bias in 
observational studies.

The obvious solution to this problem is 
to  perform a randomized clinical trial. 
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Unfortunately, this study design may also be 
problematic when assessing the effectiveness 
of focal therapy because patients tend to be 
reluctant to enroll in these studies, and it is 
extremely difficult to blind patients and clini-
cians to randomization in the setting of focal 
therapy, which may influence outcomes as 
well [6]. Acknowledging these issues, there is 
still a pressing need for better data on the 
effectiveness of focal therapy for prostate and 
renal cell cancers. In this chapter, we will dis-
cuss in greater detail some of the issues 
around clinical trial design for focal therapy 
in prostate and kidney cancer and identify 
potential ways to improve study design in the 
future.

Issues around Endpoints 
in Studies of Focal Therapy

Prostate Cancer

Numerous randomized [7,8] and observa-
tional studies [1,9,10] have demonstrated 
that the overall mortality and CSM remains 
low for many years following the diagnosis of 
prostate cancer, even in the absence of 
definitive therapy. For example, overall mor-
tality and CSM in the placebo arm of the 
Prostate Intervention Versus Observation 
Trial (PIVOT) was only 49.9% and 8.4%, 
respectively, at a median follow‐up of 10 
years [8]. In the SPCG‐4 randomized 
controlled trial (RCT) comparing radical 
prostatectomy to watchful waiting for men 
diagnosed with prostate cancer in Sweden, 
the cumulative incidence of death from 
prostate cancer at 18 years in the watchful 
waiting arm was 28.7% and only 14.0% for 
men with low risk prostate cancer [7]. Other 
population‐based studies have demonstrated 
similarly low mortality for men with prostate 
cancer managed conservatively [1,2,9,10]. 
Given the low long‐term overall mortality 
and CSM rates associated with prostate can-
cer, use of CSM as an endpoint would require 
a large number of patients with long‐term 
follow‐up. Sample power calculations, using 

the CSM data from PIVOT and assuming 
equivalency between radical prostatectomy 
(RP) and focal cryotherapy at 10 years, are 
illustrative. If one designed a noninferiority 
study of RP compared with focal therapy 
using CSM as the primary endpoint, 472 
men would need to be accrued to have 80% 
certainty that the difference in CSM rates 
between the two groups was less than 5% at 
10 years. However, in the PIVOT study, the 
absolute reduction in CSM with RP was 3.0% 
compared to observation at 12 years [8]. In 
our sample power calculation, to capture an 
absolute difference in CSM of 3.0% or greater 
would require 1306 participants and at least 
10 to 15 years of follow‐up. Presuming that 
focal therapy improves CSM over surveil-
lance, the number of participants would need 
to be even greater to accurately assess non‐
inferiority at 12 years. The expense of follow-
ing more than1300 patients for greater than 
10 years would be enormous, prohibiting 
performance of such a study. To this end, 
alternative oncologic endpoints would have 
to be considered.

One possible proxy endpoint for use in 
studies of focal therapy in prostate cancer 
might be metastasis‐free survival. However, 
metastasis typically occurs relatively late in 
the disease process and likely at rates not 
much greater than CSM [7,8]. In one study of 
men undergoing RP early in the PSA era, 
metastasis in only 18% of patients occurred 
and at a median of 8 years after biochemical 
recurrence in one study [4,11]. Thus, trials 
using metastasis‐free survival as a primary 
endpoint would also take longer than a dec-
ade to complete, would require large sample 
size to be adequately powered, and would be 
prohibitively expensive.

PSA progression/biochemical recurrence 
(BCR) is another possible proxy endpoint. In 
one study, BCR following RP was defined as a 
PSA >0.2 ng/ml, and the median time to BCR 
was noted to be between 2 and 3 years [11]. 
This definition, however, could not reasona-
bly used in the setting of focal therapy 
because viable benign prostate tissue will 
usually remain after treatment. In the case of 
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radiation therapy, where viable prostate tis-
sue also remains, the PSA may not nadir to 
zero even when the treatment is curative. To 
this end, various definitions of BCR exist for 
radiotherapy including the American Society 
for Therapeutic Radiology and Oncology 
(ASTRO) criteria (three consecutive rises in 
PSA, with the date of BCR backdated to the 
midpoint between the PSA nadir and the first 
date of increased PSA) [12] and the Phoenix 
criteria (nadir PSA + 2.0 ng/mL) [13]. One 
could argue that it would be appropriate to 
apply one of these definitions of BCR in the 
setting of focal therapy, as, in both whole‐
gland radiation and focal therapy, benign 
prostate tissue will remain and will produce 
PSA. It is important to acknowledge, how-
ever, that although the use of these defini-
tions of BCR in focal therapy is based on 
sound clinical rationale, there are no pub-
lished studies documenting their validity or 
identifying the optimal definition to use in 
focal therapy.

Regardless, all definitions of BCR require 
several PSA measurements over the course 
of months or even years with a rising PSA 
before they meet the definition of biochemi-
cal failure/PSA progression, compromising 
any time‐to‐event analysis. One analysis 
found men with detectable PSA after RP took 
more than 5 years to meet the Phoenix defi-
nition. As Nielsen et al. conclude “the stand-
ard definitions for each modality represent 
fundamentally different clinical scenarios” 
[14]. This certainly applies to focal therapy as 
well. Acknowledging these considerable lim-
itations, BCR is likely the best short‐term 
outcome for use in studies that compare focal 
therapy to whole‐gland therapies in the treat-
ment of localized prostate cancer, whereas 
CSM and overall mortality remain the gold 
standard over the long term.

Proponents of focal therapy will acknowl-
edge that commonly accepted oncologic 
outcomes in prostate cancer such as overall 
mortality and CSM may not be feasible 
outcomes for focal therapy trials [15]. As 
such, they have proposed the use of other 
proxy endpoints, usually in the setting of 

single‐arm studies. These include image 
changes on prostate magnetic resonance 
imaging (MRI) or pathological upgrading on 
repeat biopsy [16]. Although these end-
points have face validity, they have not yet 
been formally validated in this setting. In the 
case of pathological upgrading on follow‐up 
biopsy, experience with this in active surveil-
lance highlights the problems with using this 
as an endpoint in the study of focal therapy. 
Specifically, follow‐up prostate biopsy likely 
has fairly low sensitivity because many men 
on active surveillance (57% in one AS series 
[17]) have negative repeat prostate biopsies 
despite having no treatment. The use of MRI 
in this context, however, has shown promise. 
In one study of biochemical recurrence after 
radiotherapy, MRI demonstrated local 
recurrence in 40 or 42 patients (confirmed 
by targeted biopsy) [18], possibly making 
MRI a reasonable modality to assess local 
control following focal therapy and poten-
tially allowing comparison to patients under-
going active surveillance or radiotherapy. 
However, 21% of men with positive biopsy 
findings also had positive biopsies in areas 
without MRI‐suspected recurrence. One 
objective of any focal therapy study should 
be to develop appropriate surrogate end-
points after nonextirpative treatments in 
prostate cancer.

Kidney Cancer: Small Renal Masses

As a result of the rising accuracy and availa-
bility of axial imaging, the incidence of renal 
masses has been increasing, particularly for 
masses less than 4 cm in maximal diameter 
(small renal mass [SRM]) [19]. As a result, 
active surveillance of these smaller lesions 
has gained popularity in intermediate‐ or 
poor‐risk surgical candidates and is consid-
ered appropriate by the prominent guidelines 
panels [20,21]. Concurrently, focal ablative 
procedures such as cryoablation and radiof-
requency ablation (RFA) destroy tissue via 
thermal energy, either via a percutaneous 
approach or laparoscopic approach, have 
also been suggested in these smaller lesions. 
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Like prostate cancer, the natural history of 
SRMs tends to be prolonged with minimal 
associated mortality. In a meta‐analysis and 
systematic review of the literature, Chawla 
et  al. identified 10 reports from nine single 
institutional series of untreated solid local-
ized renal lesions [22]. Mean size at presenta-
tion was 2.6 cm with a mean growth rate of 
0.28 cm per annum over a median follow‐up 
of 32 months. Importantly, only 3 of 286 
lesions (1%) ultimately resulted in metastatic 
disease and no deaths were reported. It is 
important, however, to remember that this is 
a selected population and that mortality may 
be higher in the general population, although 
it will likely still be quite low. Unlike the case 
of prostate cancer, however, there is no serum 
marker that can act as a proxy for tumor 
growth or volume in kidney cancer. To this 
end, there are fewer proxy endpoints for use 
in comparative clinical trials of focal therapy 
for renal masses.

In the setting of single‐arm efficacy studies 
of focal therapy for SRMs, potential proxy 
endpoints include active disease on repeat 
biopsy and radiological progression on fol-
low‐up imaging. Given the relatively low 
metastatic potential (and ensuing mortality 
rates) of untreated SRMs, the significance of 
active cancer on follow‐up biopsy is unclear. 
Certainly, the absence of viable malignancy 
on biopsy is a laudable goal and indicates that 
the focal treatment has “killed the  cancer,” 
but it is important to remember that renal 
mass biopsy does carry a considerable false‐
negative rate [23]. Furthermore, the finding 
of viable cancer does not necessarily mean 
that the patient will experience a clinically 
significant progression or ultimately suc-
cumb to the cancer [22]. To this end, active 
cancer on follow‐up renal biopsy may not 
necessarily be a meaningful proxy endpoint 
for the study of focal therapy for SRMs.

Changes on follow‐up imaging indicative 
of local recurrence or progression, however, 
may be serve as reasonable proxy outcomes 
for studies of focal therapy for SRMs. After 
focal ablation, absence of tumor growth or 
enhancement within the ablation region 

should be apparent by 6 weeks after treat-
ment [24]. Given the experience using imag-
ing to define local recurrence following 
partial nephrectomy, it may be reasonable to 
apply the same criteria in the setting of focal 
therapy to compare these modalities. That 
being said, limited studies have evaluated the 
long‐term growth rate of renal masses in 
surveillance cohorts [22], and thresholds for 
definitive intervention have not been defined. 
Further research is needed to validate these 
radiographic endpoints in the setting of focal 
therapy.

Functional Outcomes

The raison d’être for focal therapy in prostate 
cancer is the belief that focal therapies will 
decrease that morbidity of RP and radiation 
therapy. However, no comparative trials of 
focal therapy and definitive therapy exist to 
validate this assumption. Furthermore, in the 
initial experience of focal therapy using high‐
intensity focused ultrasound (HIFU), func-
tional outcomes following therapy have not 
been optimal, with significantly impaired 
erectile function and continence after focal 
HIFU [25]. Although excellent functional 
outcomes after focal cryotherapy have been 
reported [26], prospective comparative stud-
ies are needed to determine whether focal 
therapy delivers on the promise to decrease 
morbidity.

Comparative studies of focal therapy for 
prostate cancer and kidney cancer must 
include validated instruments to assess 
patient‐reported outcomes and periopera-
tive outcomes. Preferable instruments 
include the International Index of Erectile 
Function (IIEF) [27] and the International 
Prostate Symptom Score (IPSS) [28] for the 
measurement of functional outcomes and 
the Expanded Prostate Cancer Index 
Composite [29] for measurement of quality 
of life. Regarding assessment of urinary 
incontinence, use of pads should be meas-
ured. Perioperative adverse events should be 
recorded using the Clavien‐Dindo classifica-
tion system [30].
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Issues around Defining the 
Study Population and the 
Control Arms of Comparative 
Studies in Focal Therapy

Prostate Cancer

There is a general perception by some 
proponents of focal therapy for localized 
prostate cancer that this treatment should 
be considered primarily as an alternative 
to active surveillance in low‐risk patients. 
With the exception of low‐risk patients 
who are absolutely insistent on having 
some form of active intervention, we do 
not feel that focal therapy should be 
considered in lieu of active surveillance. 
The  rationale for active surveillance is 
firmly based on the notion that there is a 
considerable rate of overdiagnosis associ-
ated with PSA screening [31] and, as such, 
many men diagnosed at the time of screen-
ing have clinically indolent disease and do 
not require any therapy for their cancer. 
To  this end, focal therapy should not be 
considered a replacement for active sur-
veillance in patients with low‐risk disease 
who likely will garner little or no benefit 
from any treatment, even one with fewer 
purported side effects (like focal therapy). 
These patients should be strongly encour-
aged to consider active surveillance.

Conversely, it would be ethically difficult 
to offer focal therapy to patients with high‐
risk disease because these patients are at 
greatest risk for dying of prostate cancer 
over the long term [9]. Without convincing 
“phase 2” data that focal therapy is truly 
effective in reducing prostate‐cancer mor-
tality in high‐risk patients, we should not 
proceed with prospective studies compar-
ing focal therapy to whole‐gland treat-
ments in this patient population. In our 
opinion, the optimal comparator arm for a 
study of focal therapy in localized pros-
tate  cancer are men with high‐volume, 
low‐risk disease or those with low‐volume 
Gleason  score, 3 + 4 = 7 (effectively, inter-
mediate‐risk disease).

SRMs

The choice of both comparator arm and 
inclusion criteria for trials of focal therapy 
in kidney cancer is much less clear. Unlike 
the case of prostate cancer, radiation ther-
apy is not effective for renal cell carcinoma 
(RCC), and in patients with larger lesions 
who are poor operative candidates, there 
are few alternatives currently to percutane-
ous ablation. For patients with larger lesions 
who are appropriate surgical candidates, 
focal cryotherapy may provide the same 
oncologic outcomes with decreased length 
of stay, decreased cost, and fewer complica-
tions [32]. However, the reported recur-
rence rate after focal ablative therapy has 
traditionally been higher than that for par-
tial nephrectomy. A recent meta‐analysis 
noted recurrence rates of 9.4% and 0.4% for 
laparoscopic cryoablation and laparoscopic 
partial nephrectomy, respectively [32]. 
Though some authors have reported recur-
rence rates less than 1% after percutaneous 
cryoablation [33], further research to select 
patients unlikely to recur is required before 
a randomized trial of focal  therapy and 
robotic‐assisted laparoscopic partial 
nephrectomy should be performed.  As 
recent guidelines for SRM suggest [21], 
contemporary patients who are good 
surgical candidates should be recom-
mended to undergo definitive surgical 
management.

Surveillance is likely a reasonable compara-
tor in a comparative trial of focal therapy for 
the SRM. A common clinical dilemma is a 
SRM in an elderly patient with extensive 
comorbidities precluding surgical manage-
ment. In this scenario, both focal therapy and 
active surveillance (AS) should be offered 
according to various guidelines [20,21]. An 
RCT comparing focal ablation and AS could 
answer this question and inform clinical man-
agement. One obstacle to performing this 
study is determining objective criteria to iden-
tify patients who are poor surgical candidates 
for inclusion [34]. The Charlson Comorbidity 
Index (CCI) has been shown to predict other 
cause mortality in an analysis of patients 
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treated for kidney cancer in the SEER‐
Medicare data set [35]. The authors developed 
a nomogram for other‐cause mortality incor-
porating age, CCI, tumor size, gender. and 
race. Men with CCI ≥ 3 and renal mass < 4 cm 
had a particularly high ratio of  other‐cause 
mortality to cancer‐specific mortality. Of 
note, the majority of patients in the study 
received treatment for kidney cancer, and 
these results may not be applicable to patients 
on AS. Other analyses of SEER‐Medicare have 
demonstrated high competing‐cause mortal-
ity in patients older than 70 years of age [36], 
and those with high cardiovascular risk, each 
of which could be used as criteria for inclusion 
in a clinical trial of focal therapy [37].

Issues around Selecting 
the Optimal Study Design 
in Focal Therapy

RCTs for localized prostate cancer in which 
patients are randomized to RP or radiother-
apy have historically suffered from low accrual 
because men (and their physicians) are unwill-
ing to leave treatment choice to chance [38,39]. 
One of the reasons for the difficulty in accrual 
is that the treatments being compared were 
already widely diffused at the time of the 
study. Because focal therapy represents a new 
treatment strategy, patients may be more will-
ing to undergo randomization.

In recent years, successful studies compar-
ing RP and radiotherapy have employed a 
prospective, population‐based observational 
cohort design, using extensive data collec-
tion and sophisticated statistical methods to 
minimize bias in treatment selection [40]. 
One advantage of this approach is that treat-
ment decisions are left to patients and their 
physicians, partially alleviating the difficulty 
in accrual. Examples include PCOS [41], 
CaPSURE [42], and CEASAR [40]. This study 
design relies on periodic surveys to obtain 
clinical and patient‐centered outcomes while 
linkages with the National Death Index can 
provide long‐term mortality data. Because 
the participants are not randomly assigned 

to  each cohort, statistical methods such as 
propensity scoring or instrumental variable 
analysis are used to account for the factors 
that determine a patient’s propensity to 
receive a given treatment. Nonetheless, 
residual confounding from unmeasured fac-
tors remains a limitation of this type of study 
design. Still, this approach has great promise 
for testing the effectiveness of focal therapy.

In the case of SRM, data on AS are not suffi-
ciently mature to recommend a RCT compar-
ing focal therapy to AS. Similarly, long‐term 
data demonstrating the efficacy of focal therapy 
for SRMs with low local recurrence rates are 
needed before patients that are surgical candi-
dates should be routinely offered focal therapy, 
particularly as the surgical robot has made lap-
aroscopic partial nephrectomy less morbid and 
easier to perform [43]. Thus, comparisons 
between focal therapy, partial nephrectomy, 
and AS are best made using observational data 
at the current time. Large administrative data-
sets such as SEER‐Medicare are appropriate for 
this purpose. Ultimately, however, a RCT 
should be considered in this setting.

Conclusion

Focal therapy for prostate and kidney cancers 
may preserve the oncologic benefits of tradi-
tional therapies. For patients with RCC with 
SRM, comparative effectiveness research in 
large administrative data sets promise to iden-
tify which patients benefit most from focal 
therapy, active surveillance, or extirpative sur-
gery. In prostate cancer, oncologic endpoints 
such as metastatic‐free survival and CSM are 
difficult to evaluate in a clinical trial setting, 
and new surrogate endpoints need to be 
developed based on biopsy results and imag-
ing studies to improve clinical trial design in 
the future. Imperative to both prostate cancer 
and kidney cancer is assessing the impact of 
focal therapies on functional outcomes in 
addition to oncologic outcomes. In the cur-
rent environment of limited resources, opti-
mizing clinical trial design is necessary to 
continue advancement in urologic oncology.
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