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20.1 Introduction

The widespread practice of screening for prostate cancer among asymptomatic men
using the prostate-specific antigen (PSA) test is largely responsible for the dramatic
rise in prostate cancer detection and survival [1, 2]. In the United States, the age-
adjusted incidence of prostate cancer has increased considerably over the past two
decades, rising from 92 cases per 100,000 men in 1975 to a peak of 240 cases per
100,000 men in 1992. Although the incidence of prostate cancer has remained sta-
ble at 180 cases per 100,000 men since 2001, annual age-adjusted mortality rates in
the United States have drastically decreased, by more than 40 % [1]. Similarly, in
the United Kingdom the incidence of prostate cancer has more than doubled, from
474 to 102.9 per 100,000 men, while the disease-specific mortality rate has

decreased by 11 %, from 26.8 to 23.8 per 100,000 men [3].
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Despite worldwide improvement in mortality trends across continents, prostate
cancer remains a lethal malignancy. In the United States, prostate cancer has been
the second or third leading cause of cancer mortality in men in each of the last
75 years. In the European Union, prostate cancer was the third most commonly
occurring cancer, causing an estimated 92,200 deaths in 2012 [4]. And although
prostate cancer mortality in Asia remains lower than in Western countries, the rate
of cancer mortality in Asian countries has been markedly increasing over the last
40 years [5]. Given these data, a diagnosis of prostate cancer continues to indicate a
serious medical condition, regardless of the patient’s age, health status, or disease
risk, and management decisions for localized disease are complex, owing to the
paucity of evidence comparing various treatment options.

20.2 Overdetection of Prostate Cancer

The adoption of recommended prostate cancer screening strategies has successfully
shifted the detection of prostate cancer to an earlier stage of localized disease, at
which point tumors are small and often identified as low-grade. This staging
improvement has paradoxically highlighted the limitations in our ability to differen-
tiate biologically aggressive tumors from low-risk, indolent tumors that may be
discovered incidentally, using diagnostic techniques designed primarily to detect
the presence of any prostate cancer. The lack of a more discriminating test that
would distinguish indolent from aggressive cancers, coupled with the risk of
treatment-related morbidities and societal costs associated with indiscriminate radi-
cal treatment of patients regardless of the threat posed by the disease, has increased
awareness of the risks of overtreatment of prostate cancer. This heightened scrutiny
has occasionally been taken to an extreme, with some questioning the utility of
serum PSA-based prostate cancer screening, despite existing data that document the
benefits associated with screening [6]. New, “smarter” screening approaches based
on the best clinical and biological data are needed to accurately characterize pros-
tate tumors and to guide appropriate therapies with less risk of overtreatment.
Overtreatment is a key concern in prostate cancer care [7]. Among men treated
conservatively, those with moderately differentiated tumors and clinical stage <T2b
cancer have less than a 10 % risk of dying from prostate cancer at 20 years and 57 %
risk of dying from other causes, on average [8]. However, there has been a signifi-
cant increase in the use of radical therapy with advanced treatment technologies,
such as robotic-assisted surgical procedures and intensity-modulated radiation ther-
apy, between 2004 and 2009, among men who have both low-risk cancer and a high
risk of death from other causes [9]. A workshop convened by the FDA and com-
posed of experts representing multiple stakeholders, including urologists, medical
oncologists, radiation oncologists, industry representatives, and patient advocates,
evaluated potential trial designs for the development of therapies for localized pros-
tate cancer. The consensus recommendation on focal treatment strategies was that
future clinical trials should investigate men with low-volume intermediate- and
high-risk localized prostate cancer with life expectancy exceeding 10 years.
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20.3 Treatment of Localized Prostate Cancer

Prostate cancer management is evolving in response to our improved understanding
of the natural history and clinical features of this disease. Standard curative treat-
ments have included radical prostatectomy and whole-gland radiation therapy.
Although these treatments are clinically effective in eradicating tumors, patients
risk a significant reduction in quality of life and increased posttreatment morbidity,
including incontinence, erectile dysfunction, and bowel urgency [10-12]. The
results of two recent clinical trials have demonstrated the safety — in the intermedi-
ate time frame — of active surveillance in men with localized prostate cancer, with
delayed treatment occurring at the time of disease progression [13, 14]. The PIVOT
trial reported no difference in cancer-specific and overall mortality at 12 years in
men with prostate cancer randomized to radical prostatectomy or observation [14].
Although men on observation incurred an increased risk of bone metastases, espe-
cially in patients with high-risk disease, radical prostatectomy was associated with
a significant increase in the rates of incontinence (17.1 % vs 6.3 %) and erectile
dysfunction (55.9 % vs 18.9 %). Today active surveillance is widely recommended
for primary management in men with low-risk prostate cancer (Gleason pattern 6 or
less, PSA less than 10 ng/mL, and clinical stage Tlc or T2a).

The challenge to clinicians is to accurately risk-stratify patients to distinguish
between those who would benefit from immediate treatment and those who could
safely be treated expectantly. The current approach to prostate cancer diagnosis is
susceptible to systematic sampling errors, in which many tumors detected are low-
risk, yet some high-risk tumors are missed, especially when they are located in the
anterior and apical areas of the prostate. Prostate needle biopsy using transrectal
ultrasound guidance has a false-negative rate (missing a high-grade cancer) of up to
30 %. In the absence of reliable techniques to accurately characterize tumors, it is
difficult for physicians to reassure patients that their cancer poses minimal risk, and
most urologists recommend immediate radical treatment. In a national registry
study across 36 urology practices in the United States conducted in 2010, less than
7 % of patients chose active surveillance among 11,892 men diagnosed with pros-
tate cancer [15]. The explanations for the apparent underuse of active surveillance
are speculative, but presumably reflect an assessment of risk by physicians and
patients who accept treatment-related morbidity as preferable to uncertainty about
the risk of metastatic progression.

The desire to achieve cancer control with minimal side effects has driven current
research into minimally invasive, innovative focal treatment modalities that ablate
the local tumor without affecting surrounding structures crucial to normal bowel,
urinary, and sexual function. Despite the recommendations of previous consensus
panels on focal therapy to treat patients with very low-risk disease, today the most
promising role for focal therapy is for intermediate-risk tumors, because active sur-
veillance has been shown to be an effective management strategy for most patients
with low-risk prostate cancer. The major advantage of focal therapy for intermediate-
risk cancers is the reduction in treatment-related adverse effects, compared with
radical prostatectomy and radiation therapy. It is unlikely that a trial of focal therapy
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in low-risk prostate cancer could demonstrate a clinical benefit compared with
active surveillance, in terms of reduced morbidity or better cancer control. The bar-
riers to adopting focal therapy for treatment of intermediate- and high-risk prostate
tumors include: accurate identification of the location of the high-grade lesions,
appropriate management of incidental multifocal lesions (treat associated high-
grade lesions but monitor low-grade lesions), and developing an effective way to
monitor patients after treatment to be able to initiate timely whole-gland therapy
when necessary to prevent metastases. Future research efforts should seek to iden-
tify molecular, genetic, and imaging characteristics that distinguish aggressive pros-
tate tumors from indolent lesions. Recently, a study of men treated conservatively
for prostate cancer identified cell cycle progression signatures on needle biopsy
specimens as useful predictors of the risk of death from prostate cancer in men man-
aged conservatively [16, 17]. Molecular profiles, along with optimal imaging and
biopsy techniques, are valuable tools for prospective clinical trials using improved
risk stratification and tumor localization to demonstrate the clinical utility of focal
ablation of aggressive tumors and observation of indolent lesions.

20.4 Pretreatment Cancer Classification

To individualize treatment successfully for men with prostate cancer, it is essential
to develop reliable methods for accurately identifying tumor location and character-
izing biology. Diagnostic magnetic resonance imaging (MRI) is a promising tool for
evaluating the location and extent of cancer within the prostate. MR imaging has
also been used to direct focal therapy, assess treatment effect, and monitor for dis-
ease recurrence or progression. Currently multiparametric MRI (mpMRI) is the best
studied modality; it is considered the most accurate imaging technique for detecting
aggressive, clinically important cancer [18], and it has been used in risk stratifica-
tion of low-risk prostate cancer when the image is normal or nearly normal [19, 20].
Using MRI to target lesions for biopsy may prove to be a particularly useful way to
identify appropriate candidates for focal therapy [21]. If the negative predictive
value of MRI in men with low-risk tumors who have a confirmatory biopsy is
>90 %, then the best candidates for focal therapy would be those with a focal area
of cancer on systematic biopsy with an MRI that shows no other suspicious areas
[19]. The Prostate MRI Imaging Study (PROMIS) is a clinical trial currently accru-
ing patients in the United Kingdom to evaluate the value of MRI in identifying
cancer prior to prostate needle biopsy using a systematic template saturation biopsy
to compare biopsy histology to imaging characteristics [22].

20.5 Rationale for Focal Therapy

Many urologic cancers (e.g., kidney or bladder) can be treated effectively with focal
resection or ablation, in selected cases, as effectively as with whole-gland extirpa-
tion with radical surgery [23-25]. Prostate cancer may also be amenable to
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organ-sparing focal therapies. The prostate is easily accessible through the perineum
and the rectum, and many urologists are experienced in performing image-guided
procedures in the gland to obtain diagnostic needle biopsies. The focal therapy’s
ability to preserve critical structures, including the neurovascular bundle posterolat-
erally and the rhabdosphincter at the apex of the prostate, could also preserve the
patients’ quality of life, compared with radical surgery. This therapeutic improve-
ment may be most marked in patients undergoing salvage procedures for recurrent
tumors after radiation therapy. Although the potential quality of life benefits of focal
therapy makes it an attractive treatment option, future clinical trials are needed to
demonstrate effective cancer control.

The most appropriate patients for focal therapy today are not those with low-risk
disease that can be effectively managed with active surveillance but those with
intermediate-risk lesions. Any biopsy-proven lesion that contains Gleason pattern 4
or 5 cancer, if limited in size and extent, can be treated by ablating the sector of the
prostate that harbors the disease, offering patients an opportunity to defer or avoid
radical therapy. The challenge for focal therapy is to demonstrate accurate targeting
of the index lesion while avoiding serious understaging and subsequent
undertreatment.

20.6 Understaging

Eighty-five percent of all prostate cancers are multifocal. Variations in reported
rates of multifocality are probably related to patient selection and pathology sec-
tioning technique [26]. However, index lesions account, on average, for 80 % of the
total tumor volume and almost always represent the highest-grade lesion within the
prostate, as well as 90 % of all lesions with extraprostatic extension [27]. The non-
index foci tend to be smaller than 0.5 cm?, low grade, and confined to the prostate —
cancers that, in themselves, would be suitable for monitoring on an active
surveillance protocol [28, 29]. In addition, the overall risk of disease progression is
mainly associated with the characteristics of the index lesion rather than of the sec-
ondary tumor. In contemporary patients, the rate of unifocality appears to be increas-
ing; 38 % of radical prostatectomy specimens contain a single disease site [30],
albeit sometimes far too large for focal ablation.

The current diagnostic approach to prostate cancer is susceptible to sampling
errors associated with systematic, regionally directed, nontargeted biopsies of the
periphery of the prostate gland. Characterization of prostate cancer by stage, grade,
and PSA level alone is insufficient to individualize patient management or to select
patients appropriate for active surveillance, focal therapy, or radical treatment.

The role of systematic mapping biopsies has been investigated in a prospective
study of men who underwent a three-dimensional prostate mapping biopsy after
initial transrectal biopsy detected unifocal disease [21]. Among 180 men, 61 % had
cancer detected bilaterally and 22 % had an increase in Gleason grade, including
pattern 4 or 5. This study demonstrated that the complication rate was 7.7 %, report-
ing prolonged catheterization in 14 patients and hematuria requiring bladder
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irrigation in two patients. Although sampling errors in a standard transrectal
ultrasound-guided biopsy are reduced with mapping biopsy, this approach is bur-
densome for many patients and requires general anesthesia. Therefore, incorporat-
ing advanced imaging into the diagnostic approach for prostate cancer would be a
useful noninvasive technique, if studies prove the accuracy of MRI to target signifi-
cant tumors.

Multiparametric MRI demonstrates promising performance characteristics to
identify clinically important prostate tumors — those larger than 0.5 cm or high-
grade (Gleason >4+ 3). Targeting needle biopsy to lesions identifiable by MR imag-
ing, either alone or in combination with a 12-core systematic biopsy, promises
greater accuracy and is currently being widely explored [31]. Integrating multipara-
metric MRI-guided targeted biopsies (with or without systematic biopsies) with
standard clinical and pathologic characteristics may add additional prognostic
information and improve risk classification by distinguishing indolent from aggres-
sive tumors [31].

The accurate assessment of disease risk remains imperfect with current biopsy
and imaging modalities. Despite improvements in characterizing prostate cancer
with confirmatory biopsies [32] or multiparametric MRI [33], more studies are
needed to determine the accuracy of MR imaging and of MR plus targeted biopsies.
These studies will require prospective reporting of MRI data, consistent criteria for
identifying which patients to biopsy, and the use of systematic three-dimensional
mapping biopsy as the diagnostic standard. Data from these studies will add to the
evidence from landmark studies evaluating the accuracy of MRI compared with
whole-mount radical prostatectomy specimens. Previous reports were limited by
studying only patients who had been selected to undergo radical prostatectomy;
therefore, the role of MRI in men with low-risk disease or no previous diagnosis of
prostate cancer is unknown [33-35].

If targeted biopsy proves accurate, focal therapy may become an effective inter-
mediate form of treatment for men with more aggressive disease who are ineligible
for active surveillance to prevent the progression of disease requiring radical treat-
ment. Refinements in targeted biopsy techniques will be vital for characterizing
higher-risk tumors. The selection of patients for focal therapy should be able to
extend beyond those with low-risk cancers who are reluctant to accept active sur-
veillance. In the future, clinical trials should include patients with limited size inter-
mediate- or high-risk disease, evaluating clinically significant endpoints, such as
local progression or metastases, including time to intervention with radical or sys-
temic therapy for documented progression. For phase III trials, a comparative cohort
could include men treated with whole-gland radiation therapy, with the intermediate
end points being sustained fall in serum PSA, periodic posttreatment MRI, and
confirmatory systematic and targeted biopsies. In the focal therapy arm, re-treatment
should be permitted if studies continue to show its low morbidity.

The patient best suited for a focal therapy clinical trial today would have a targe-
table region of disease or a clearly localized, Gleason 3 +4 or higher lesion of rela-
tively small volume amenable to focal ablation, who accepts the necessity of
long-term follow-up with periodic imaging and repeat prostate biopsies. At
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baseline, patients would be characterized by a multivariable risk model that includes
PSA, Gleason grade, and clinical stage and extent of disease on biopsy and imaging.
The ideal ablative technology would allow real-time visualization of the area of
ablation during treatment, eradicate the tumor with minimal damage to surrounding
structures, and not complicate future radical therapy, if needed. One caution is the
effect of focal ablation on the accuracy of imaging during follow-up. Without evi-
dence to support the superiority of any particular ablative technology, there is room
to study a variety of approaches. Currently treatment strategies are largely based on
the risk of side effects and the avoidance of potential damage to surrounding
structures.

20.7 Thermal Tissue Ablation

Thermal tissue ablation devices create extreme temperature changes within tissue,
freezing or heating it to cause necrosis. The effectiveness of hypothermic and hyper-
thermic forms of treatment is governed by the laws of thermodynamics and affected
by tissue-dependant factors, including conductivity, vascularity, and the heat-sink
effect.

Cryotherapy has evolved, with the advent of thermal monitoring probes and third-
generation cryoprobes that use argon-based gas systems. The use of compressed
argon gas rather than liquid nitrogen led to greater precision and mitigation of com-
plications by achieving equivalent low temperatures critical for tissue ablation while
enabling the freezing process to start and stop instantaneously, thereby decreasing
damage to adjacent organs. Treatments can be delivered even more precisely with
real-time ultrasound guidance, improving effectiveness and decreasing treatment-
related morbidity. The extreme low temperature required to achieve tumor cryolysis
and the surrounding temperature gradient remain disadvantages for focal cryother-
apy because the area of ablation must be extended beyond the tumor. The necessity
of extending the visualized leading edge of the ice ball at the periphery to achieve
tumor ablation exposes surrounding structures to damage [36]. Therefore, achieving
effective tumor ablation while limiting side effects such as erectile dysfunction, ure-
thral strictures, and rectal injures has proved challenging [37, 38]. Unfortunately, the
lack of rigorous clinical trials of focal cryosurgery prevents an adequate evaluation
of oncologic efficacy and side effects. In selected cohorts of men, small retrospective
studies report negative posttreatment biopsy rates of 75 % and potency rates ranging
from 74 to 90 % [39, 40]. The advantages of focal cryotherapy include real-time
assessment of treatment location using transrectal ultrasound and the ability to per-
form re-treatment safely. However, disadvantages include the inability to assess his-
tologic changes during treatment, lack of precision at the leading edge of the ice ball
to prevent collateral damage to surrounding structures, and destruction of local tissue
anatomy, which complicates the planning and performance of subsequent radical
surgery, should it become necessary. Although most patients recover erectile func-
tion with unilateral ablation, the effects of bilateral ablation are greater, should can-
cer appear in the contralateral lobe in the future.
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High-intensity focused ultrasound (HIFU) produces thermal ablation with tem-
peratures above 75 °C to achieve coagulative necrosis within the targeted tissue [41].
The effectiveness of treatment may be limited by interference from tissue factors,
including prostate volume (specifically related to the distance from the probe to the
anterior tumor) and calcifications. MRI integration with HIFU permits imaging of
the tumor for accurate localization and targeting of malignant lesions for ablation.
MRI technology permits real-time thermography as treatment proceeds and gado-
linium contrast assessment of histologic effect by delineating areas of ischemia or
necrosis so the treatment area can be extended or modified to ensure complete abla-
tion of the target [42]. HIFU has been used as focal treatment in primary prostate
cancer therapy and in salvage treatment following radiation, with patient outcomes
significantly associated with pretreatment tumor characteristics, the patient’s func-
tional status, and whether the treatment is primary or salvage therapy [43].

The oncologic efficacy of focal HIFU treatment is difficult to evaluate, given the
short follow-up periods in published reports. Recent studies have confirmed that
focal HIFU is associated with fewer side effects, compared with whole-gland treat-
ment [44-46]. Preservation of erectile function sufficient for intercourse was
reported in 90 % of patients 1 year after treatment; however, larger studies are
needed to evaluate the poorer outcomes described on subscales for orgasmic func-
tion and erectile satisfaction [45]. In addition, the Clavien classification of compli-
cations may underestimate the impact of side effects, including urinary retention or
hematuria, especially in patients who are asymptomatic at baseline. Finally, reports
of rectal-urethral fistulas in the early experience with focal HIFU suggest a signifi-
cant learning curve that may limit the broad dissemination of this technology among
urologists [46].

20.8 Nonthermal Tissue Ablation

Damage to surrounding structures by thermal tissue ablation spurred the develop-
ment of chemical ablative treatments. Tumors are selectively targeted by the injec-
tion of chemical compounds that produce tissue necrosis without appreciable
temperature change. The effectiveness of these treatments relies on the specificity of
the compound for the targeted tissue and on sparing surrounding structures from the
effects of therapy.

Vascular-targeted photodynamic (VTP) therapy for prostate cancer involves the
intravenous injection of a light-sensitive compound that localizes in the targeted
tissue and is activated by near-infrared illumination delivered by optical fibers. The
treatment effect is mediated through the production of reactive oxygen species and
the secondary activation of nitrogen species that initiate rapid necrosis and apopto-
sis of cells [47]. The advantage of VTP is the minimal toxicity profile reported in
initial phase I and phase II studies [48]. The disadvantages of VTP include the
inability to monitor treatment during therapy and uncertainty in identifying and re-
treating recurrences during follow-up. Phase III studies completed in Europe should
provide more data to evaluate the efficacy of VTP in men with prostate cancer.
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Electroporation transmits pulses of direct electrical current through localized

tissue, at levels sufficient to damage cell membranes while sparing surrounding
structures [49]. Studies of the use of electroporation in prostate cancer are prelimi-
nary at present; however, this treatment has been evaluated in diseases of other
organ systems [50]. The main disadvantage of electroporation, as with VTP, is the
inability to monitor treatment effect with imaging; the concern is damage to sur-
rounding structures and difficulty monitoring the extent of injury during treatment.

Conclusions

Advances in understanding the natural history of prostate cancer have refined the
recommendations for risk-stratified treatment, especially for men with low-risk
localized disease. However, the sharp rise in the detection of prostate cancer
attributable to routine screening of asymptomatic men ushered in an era of
increased use of radical whole-gland treatments. Subsequently, less invasive
therapies have emerged that selectively target prostate cancer lesions using
organ-sparing techniques that could bring prostate cancer management into line
with treatments used for many other solid-organ malignancies. Currently, the
clinical experience in focal therapy is limited, and focal prospective trials are
few. And although risks seem low, it is difficult to assess benefits. As focal abla-
tive technologies continue to advance, the development of standardized treat-
ment protocols and outcomes reporting will be essential to the accurate
assessment of treatment efficacy. Clinical trials are needed to evaluate the bene-
fits and risks of focal therapy for men with intermediate- or high-risk prostate
cancer because active surveillance has been found to be a sufficient way to man-
age low-risk cancers. In this era of overtreatment, coordinated research is needed
to personalize patient management by improving risk stratification and providing
safe, reasonable, and effective treatment alternatives appropriate to the nature of
each man’s cancer and the risk it poses to life and health.

Acknowledgments The Thompson Foundation, the Skirball Foundation, and the Sidney Kimmel
Center for Prostate and Urologic Cancers

References

L.

2.

3.

4.

Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA Cancer J Clin. 2012;62(1):
10-29.

Potosky AL, Miller BA, Albertsen PC, Kramer BS. The role of increasing detection in the ris-
ing incidence of prostate cancer. JAMA. 1995;273(7):548-52.

Bray F, Lortet-Tieulent J, Ferlay J, Forman D, Auvinen A. Prostate cancer incidence and mor-
tality trends in 37 European countries: an overview. Eur J Cancer. 2010;46(17):3040-52.
Ferlay J, Steliarova-Foucher E, Lortet Tieulent J, Rosso S, Coebergh JWW, Comber H et al.
Cancer incidence and mortality patterns in Europe: estimates for 40 countries in 2012. Eur J
Cancer. 2013:;49:1374-1403.

. Marugame T, Mizuno S. Comparison of prostate cancer mortality in five countries: France,

Italy, Japan, UK and USA from the WHO mortality database (1960-2000). Jpn J Clin Oncol.
2005;35(11):690-1.



244

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

B. Ehdaie et al.

Moyer VA. Screening for prostate cancer: U.S. Preventive Services Task Force recommenda-
tion statement. Ann Intern Med. 2012;157(2):120-34.

Ellison LM, Heaney JA, Birkmeyer JD. Trends in the use of radical prostatectomy for treat-
ment of prostate cancer. Eff Clin Pract. 1999;2(5):228-33.

Albertsen PC, Hanley JA, Fine J. 20-year outcomes following conservative management of
clinically localized prostate cancer. JAMA. 2005;293(17):2095-101.

Jacobs BL, Zhang Y, Schroeck FR, Skolarus TA, Wei JT, Montie JE, et al. Use of advanced
treatment technologies among men at low risk of dying from prostate cancer. JAMA.
2013;309(24):2587-95.

Sanda MG, Dunn RL, Michalski J, Sandler HM, Northouse L, Hembroff L, et al. Quality of
life and satisfaction with outcome among prostate-cancer survivors. N Engl J Med.
2008;358(12):1250-61.

Hu JC, Gu X, Lipsitz SR, Barry MJ, D’Amico AV, Weinberg AC, et al. Comparative effective-
ness of minimally invasive vs open radical prostatectomy. JAMA. 2009;302(14):1557-64.
Resnick MJ, Koyama T, Fan KH, Albertsen PC, Goodman M, Hamilton AS, et al. Long-term
functional outcomes after treatment for localized prostate cancer. N Engl J Med.
2013;368(5):436-45.

Klotz L, Zhang L, Lam A, Nam R, Mamedov A, Loblaw A. Clinical results of long-term fol-
low-up of a large, active surveillance cohort with localized prostate cancer. J Clin Oncol.
2010;28(1):126-31.

Wilt TJ, Brawer MK, Jones KM, Barry MJ, Aronson WJ, Fox S, et al. Radical prostatectomy
versus observation for localized prostate cancer. N Engl J Med. 2012;367(3):203-13.
Cooperberg MR, Broering JM, Carroll PR. Time trends and local variation in primary treat-
ment of localized prostate cancer. J Clin Oncol. 2010;28(7):1117-23.

Cuzick J, Berney DM, Fisher G, Mesher D, Moller H, Reid JE, et al. Prognostic value of a cell
cycle progression signature for prostate cancer death in a conservatively managed needle
biopsy cohort. Br J Cancer. 2012;106(6):1095-9.

Cuzick J, Swanson GP, Fisher G, Brothman AR, Berney DM, Reid JE, et al. Prognostic value
of an RNA expression signature derived from cell cycle proliferation genes in patients with
prostate cancer: a retrospective study. Lancet Oncol. 2011;12(3):245-55.

Nagarajan R, Margolis D, Raman S, Sheng K, King C, Reiter R, et al. Correlation of Gleason
scores with diffusion-weighted imaging findings of prostate cancer. Adv Urol.
2012;2012:374805.

Vargas HA, Akin O, Afaq A, Goldman D, Zheng J, Moskowitz CS, et al. Magnetic resonance
imaging for predicting prostate biopsy findings in patients considered for active surveillance of
clinically low risk prostate cancer. J Urol. 2012;188(5):1732-8.

Vargas HA, Akin O, Shukla-Dave A, Zhang J, Zakian KL, Zheng J, et al. Performance charac-
teristics of MR imaging in the evaluation of clinically low-risk prostate cancer: a prospective
study. Radiology. 2012;265(2):478-87.

Onik G, Miessau M, Bostwick DG. Three-dimensional prostate mapping biopsy has a poten-
tially significant impact on prostate cancer management. J Clin Oncol. 2009;27(26):4321-6.
UK Clinical Research Network Study Portfolio, PROMIS Prostate MRI Imaging Study (MRC
PRII) http://public.ukcrn.org/uk/search/StudyDetail.aspx ?StudylD=9941 Accessed 12 Nov 2014.
Huang WC, Levey AS, Serio AM, Snyder M, Vickers AJ, Raj GV, et al. Chronic kidney dis-
ease after nephrectomy in patients with renal cortical tumours: a retrospective cohort study.
Lancet Oncol. 2006;7(9):735-40.

Holzbeierlein JM, Lopez-Corona E, Bochner BH, Herr HW, Donat SM, Russo P, et al. Partial
cystectomy: a contemporary review of the memorial Sloan-Kettering Cancer Center experi-
ence and recommendations for patient selection. J Urol. 2004;172(3):878-81.

De Stefani S, Isgro G, Varca V, Pecchi A, Bianchi G, Carmignani G, et al. Microsurgical testis-
sparing surgery in small testicular masses: seven years retrospective management and results.
Urology. 2012;79(4):858-62.

Arora R, Koch MO, Eble JN, Ulbright TM, Li L, Cheng L. Heterogeneity of Gleason grade in
multifocal adenocarcinoma of the prostate. Cancer. 2004;100(11):2362-6.


http://public.ukcrn.org/uk/search/StudyDetail.aspx?StudyID=9941

20

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Focal Therapy: Current Status and Future Directions 245

Ohori M, Eastham J, Koh H, Kuroiwa K, Slawin K, Wheeler T. Is focal therapy reasonable
in patients with early stage prostate cancer- an analysis of radical prostatectomy specimens.
J Urol Suppl. 2006;175(507). Abstract 1574.

Karavitakis M, Winkler M, Abel P, Livni N, Beckley I, Ahmed HU. Histological characteris-
tics of the index lesion in whole-mount radical prostatectomy specimens: implications for
focal therapy. Prostate Cancer Prostatic Dis. 2011;14(1):46-52.

Wise AM, Stamey TA, McNeal JE, Clayton JL. Morphologic and clinical significance of mul-
tifocal prostate cancers in radical prostatectomy specimens. Urology. 2002;60(2):264-9.
Simma-Chiang V, Horn JJ, Simko JP, Chan JM, Carroll PR. Increased prevalence of unifocal
prostate cancer in a contemporary series of radical prostatectomy specimens: implications for
focal ablation. J Urol. 2006;175:374.

Wysock JS, Rosenkrantz AB, Huang WC, Stifelman MD, Lepor H, Deng FM, et al. A prospec-
tive, blinded comparison of magnetic resonance (MR) imaging-ultrasound fusion and visual
estimation of performance of MR-targeted prostate biopsy: the PROFUS trial. Eur Urol.
2014;66:343-51.

Berglund RK, Masterson TA, Vora KC, Eggener SE, Eastham JA, Guillonneau BD. Pathological
upgrading and up staging with immediate repeat biopsy in patients eligible for active surveil-
lance. J Urol. 2008;180(5):1964—7. discussion 7-8.

Shukla-Dave A, Hricak H, Akin O, Yu C, Zakian KL, Udo K, et al. Preoperative nomograms
incorporating magnetic resonance imaging and spectroscopy for prediction of insignificant
prostate cancer. BJU Int. 2012;109(9):1315-22.

Wang L, Mazaheri Y, Zhang J, Ishill NM, Kuroiwa K, Hricak H. Assessment of biologic
aggressiveness of prostate cancer: correlation of MR signal intensity with Gleason grade after
radical prostatectomy. Radiology. 2008;246(1):168-76.

Zakina KL, Sircar K, Hircak H, Chen HN, Shukla-Dave A, Eberhardt S. Correlation of proton
MR spectroscopic imaging with Gleason score based on step-section pathologic analysis after
radical prostatectomy. Radiology. 2005;234(3):804—14.

BaustJ, Gage AA, Ma H, Zhang CM. Minimally invasive cryosurgery—technological advances.
Cryobiology. 1997;34(4):373-84.

Janzen NK, Han KR, Perry KT, Said JW, Schulam PG, Belldegrun AS. Feasibility of nerve-
sparing prostate cryosurgery: applications and limitations in a canine model. J Endourol.
2005;19(4):520-5.

Hubosky SG, Fabrizio MD, Schellhammer PF, Barone BB, Tepera CM, Given RW. Single
center experience with third-generation cryosurgery for management of organ-confined pros-
tate cancer: critical evaluation of short-term outcomes, complications, and patient quality of
life. J Endourol. 2007;21(12):1521-31.

Onik G, Vaughan D, Lotenfoe R, Dineen M, Brady J. The “male lumpectomy: focal therapy
for prostate cancer using cryoablation results in 48 patients with at least 2-year follow-up. Urol
Oncol. 2008;26(5):500-5.

Bahn D, de Castro Abreu AL, Gill IS, Hung AJ, Silverman P, Gross ME, et al. Focal cryo-
therapy for clinically unilateral, low-intermediate risk prostate cancer in 73 men with a median
follow-up of 3.7 years. Eur Urol. 2012;62(1):55-63.

Vaezy S, Andrew M, Kaczkowski P, Crum L. Image-guided acoustic therapy. Annu Rev
Biomed Eng. 2001;3:375-90.

Kim YS, Trillaud H, Rhim H, Lim HK, Mali W, Voogt M, et al. MR thermometry analysis of
sonication accuracy and safety margin of volumetric MR imaging-guided high-intensity
focused ultrasound ablation of symptomatic uterine fibroids. = Radiology.
2012;265(2):627-37.

Cordeiro ER, Cathelineau X, Thuroft S, Marberger M, Crouzet S, de la Rosette JJ. High-
intensity focused ultrasound (HIFU) for definitive treatment of prostate cancer. BJU Int.
2012;110(9):1228-42.

Ahmed HU, Cathcart P, McCartan N, Kirkham A, Allen C, Freeman A, et al. Focal salvage
therapy for localized prostate cancer recurrence after external beam radiotherapy: a pilot study.
Cancer. 2012;118(17):4148-55.



246 B. Ehdaie et al.

45. Ahmed HU, Hindley RG, Dickinson L, Freeman A, Kirkham AP, Sahu M, et al. Focal therapy
for localised unifocal and multifocal prostate cancer: a prospective development study. Lancet
Oncol. 2012;13(6):622-32.

46. Barret E, Ahallal Y, Sanchez-Salas R, Galiano M, Cosset JM, Validire P, et al. Morbidity of
focal therapy in the treatment of localized prostate cancer. Eur Urol. 2013;63(4):618-22.

47. Ashur I, Goldschmidt R, Pinkas I, Salomon Y, Szewczyk G, Sarna T, et al. Photocatalytic
generation of oxygen radicals by the water-soluble bacteriochlorophyll derivative WST11,
noncovalently bound to serum albumin. J Phys Chem A. 2009;113(28):8027-37.

48. Azzouzi A. Results of 3-year phase 2 program with Tookad Soluble. 4th International
Symposium on Focal Therapy and Imaging in Prostate and Kidney Cancer. Noordwijk, 2012.

49. Onik G, Mikus P, Rubinsky B. Irreversible electroporation: implications for prostate ablation.
Technol Cancer Res Treat. 2007;6(4):295-300.

50. Kingham TP, Karkar AM, D’Angelica MI, Allen PJ, Dematteo RP, Getrajdman GI, et al.
Ablation of perivascular hepatic malignant tumors with irreversible electroporation. J Am Coll
Surg. 2012;215(3):379-87.



	20: Focal Therapy: Current Status and Future Directions
	20.1	 Introduction
	20.2	 Overdetection of Prostate Cancer
	20.3	 Treatment of Localized Prostate Cancer
	20.4	 Pretreatment Cancer Classification
	20.5	 Rationale for Focal Therapy
	20.6	 Understaging
	20.7	 Thermal Tissue Ablation
	20.8	 Nonthermal Tissue Ablation
	 Conclusions
	References


