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 The Best Is Still to Come

During the past decades, the age of men at prostate cancer detection has 
decreased by approximately 10 years, and men’s life expectancy has increased 
by almost 4 years. Together with the increased diagnosis of low- and 
intermediate- risk prostate cancers, interest in minimally invasive focal treat-
ment with its lower side-effect profile has grown. Consequently, focal therapy 
is a rapidly evolving field that covers several ablative techniques, energy 
sources, and treatment scenarios.

The rationale behind focal therapy sounds relatively simple, targeting the 
predefined cancerous part of the organ while sparing uninvolved tissue; 
hence, the execution in prostate cancer is somewhat more complicated. It is 
very difficult to predict the patient’s individual clinical development or can-
cer progression. Selection of the appropriate patient takes into account factors 
such as prostate-specific antigen (PSA), biopsy results with histopathological 
parameters of the cancer foci, patients’ life expectancy and quality of life, and 
most importantly the preferences of the patient. After selecting the patient, it 
remains challenging to localize, visualize, and characterize the significant 
tumor areas and to target the area accurately with the ablative modality most 
suitable. Finally, after the focal treatment, it is challenging to evaluate treat-
ment efficacy by the interpretation of the serum PSA, imaging, and biopsy 
results during follow-up.

The establishment of focal therapies faces many challenges. While some 
ablative treatments have received approval from US Food and Drug 
Administration (FDA) authorities for application in prostate cancer, at pres-
ent many other ablative techniques are being studied in early-phase trials. 
That research is taking place mainly to determine the safety of the tech-
nique and procedure and to evaluate the efficacy and adverse side effects. If 
the treatment is considered safe and feasible for targeted ablation of tumor-
ous areas, research will proceed to the next phases. This will include pro-
spective (randomized) controlled trials to determine efficiency, to compare 
the ablative techniques, and finally to test equivalence to current conven-
tional treatments.

For focal therapy to evolve into an accepted segment of prostate cancer 
treatment, more research is needed directed at tissue-specific device settings, 
well-designed clinical trials with standardized ablation protocols, evaluation 
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of short-term ablation results, and long-term clinical benefit. This second edi-
tion edited by Thomas Polascik presents the current insights in imaging and 
focal therapy of early prostate cancer. The editor has to be complimented in 
spearheading this project and bringing together the thought leaders in this 
field. While a lot of progress has been achieved in the past decades, there is 
still a lot of work to do, and the best is yet to come: tailored treatment for each 
individual patient. This should be the focus for the third edition.

Amsterdam, The Netherlands Jean J.M.C.H. de la Rosette
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For many decades, prostate cancer treatments have embraced radical whole- 
gland therapies, whether it be radical prostatectomy, radiation, or other whole-
gland ablative modalities. A similar practice for the treatment of breast cancer 
also became commonplace after Dr. William Halsted described the radical 
mastectomy. Thereafter, the concept of breast-conserving therapy emerged, 
and the lumpectomy became commonly employed as an option to treat early 
and clinically localized breast cancer. This was feasible in the breast since the 
tumor could be easily imaged and subsequently surgically excised. We have 
witnessed the change in concept and surgical management of tumors in other 
organ systems that have attempted to only treat or remove the tumor yet pre-
serve the remainder of uninvolved tissue. Indeed, in the field of urology, partial 
nephrectomy (excision of only the cancerous segment of the kidney) has 
become the standard of care for the small renal mass compared to radical 
nephrectomy (whole-gland removal) as described by Robson in 1963. Similar 
trends can be seen in the management of other organ systems as well.

In contrast, the prostate posed more challenges compared to other organs, 
given that most prostate cancers are very small, multifocal, and difficult to 
reliably image. For these reasons, whole-gland therapy has been the mainstay 
of prostate cancer treatment for decades, and changing this paradigm in the 
hearts and minds of physicians has been difficult. Focal therapy as a treat-
ment option for clinically localized prostate cancer began to appear in the 
medical literature as recently as the turn of this century. In 2006, we enter-
tained the idea of hosting an international focal therapy workshop at Duke 
University in an attempt to garner the best minds in academia and industry to 
discuss research and trials to propel the fledgling field forward. The First 
International Workshop on Imaging and Focal Therapy for Prostate Cancer 
was held in February 2008 and was an encouraging success. This interna-
tional symposium has grown to an annual meeting alternating between the 
United States and Europe. Nearly every international meeting in urology 
today has a dedicated session on focal therapy for prostate cancer.

This book is the product of many of those same thought leaders who have 
been instrumental in the development of the focal therapy concept. These 
chapters highlight the state of the art on imaging and focal therapy for early 
stage prostate cancer, as we know it as of 2017. We continue to be humbled 
that much work still needs to be done to implement focal therapy in everyday 
practice. Today, there is much criticism regarding the over-detection and 
overtreatment of prostate cancer. However, along with these challenges 

Preface 



viii

comes opportunity. Focal therapy presents a solution whereby in select men, 
aggressive lesions can be ablated and the remainder of the gland can be moni-
tored, thereby preserving urinary continence and erectile function. Prostate 
cancer tends to be a slow-growing disease, allowing for periodic intervention 
such as focal therapy.

The authors of this textbook believe that with perseverance, further scien-
tific inquiry, and new discoveries, the dogma of radical whole-gland therapy 
will be replaced by image-guided targeted therapy, ushering in a new era of 
precision medicine for our prostate cancer patients. I dedicate this second 
edition of Imaging and Focal Therapy of Early Prostate Cancer to those who 
dream and aspire to reach those ideals.

Durham, NC, USA Thomas J. Polascik, MD 
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1

 Introduction

Prostate cancer is characterized by a low mortal-
ity—incidence ratio partially due to the diagnosis 
of localized and low-risk disease. Focal therapy 
for prostate cancer has evolved in order to address 
the need for treatment of localized disease with-
out exposing patients to the morbidities associ-
ated with radical therapy such as incontinence 
and erectile dysfunction and thus allowing them 
to maintain a good quality of life.

In women, similarly to prostate cancer, the 
overdiagnosis of breast cancer due to improved 
imaging has induced the progression of surgical 
techniques from radical mastectomy to a more 
focal approach with individualized breast conser-
vative strategies.

In the following chapter, we will be reviewing 
the evolution of focal therapy in breast and pros-
tate cancer and will examine what were the fac-
tors that drove this evolution in time.

 Breast Cancer

 Introduction and Background

As the leading cause of cancer death in women 
all over the world, breast cancer is the most fre-
quently diagnosed. It represents a growing and 
challenging problem for health services; cur-
rently its high incidence and mortality is consid-
ered a global public health problem [1]. It is also 
a systemic disease, with a heterogeneous behav-
ior. It is mainly due to the tumors’ biological 
characteristics, which are defined by different 
genetic profiles or immunohistochemistry. These 
characteristics are critical in determining the 
prognostic and predictive factors in each case.

In 1894 William Halsted published the results 
of his study “The results of operations for the cure 
of cancer of the breast performed at the Johns 
Hopkins Hospital from June 1889 to January 

mailto:igarciafleury@hotmail.com
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4

1894” [2]. In this study, a total of 50 patients 
underwent excision en bloc of the mammary 
gland, both pectoral muscles, and axillary lymph 
nodes. The procedure was justified on the Halsted 
theory, which argues that the tumor extends 
orderly and predictably, based on mechanical 
considerations. It also contemplates that the dis-
ease develops in stages: in the first one, the cancer 
develops in the organ in which it appears; the sec-
ond regional stage in which it spreads to regional 
lymph nodes draining that circulation lymphatic; 
and finally, the systemic phase, which explains 
the metastasis. In this study there were no opera-
tive deaths, the local recurrence rate was 6 % (3 
patients), and the 3-year survival rate was 45 % 
[2]. Patey and Dyson, of the Middlesex Hospital 
in London, experimented with a modified mastec-
tomy, which preserves the pectoralis major mus-
cle. In 1948, the group published the results of a 
cohort of mastectomies carried out between 1930 
and 1943, comparing their modified mastectomy 
with the standard one [3]. In their publication of 
the first 118 surgeries, the patients were stratified 
according to the axillary lymph node status and 
the type of surgical procedure. They showed simi-
lar results in terms of survival at 3 years in patients 
with negative lymph nodes when compared with 
the Halsted mastectomy, 83 % vs. 78 % [3].

In view of the functional and psychological 
consequences of radical mastectomy, Mustakalio 
presented a more conservative treatment: removal 
of the tumor, preserving the breast tissue, and 
supplementing with radiation therapy. He recom-
mended this procedure when the disease was not 
disseminated beyond the mammary gland. In 127 
patients, the 5-year survival rate was 84 % [4]. 
Kennedy and Miller were the first to develop sim-
ple mastectomy, based on the fact that lymph 
nodes were not always involved in breast cancer. 
The procedure involves complete removal of the 
mammary gland and dissection of the pectoral 
fascia en bloc with the breast, preserving both 
pectoral muscles and axillary lymph nodes. Their 
series of cases from 1927 to 1956 showed a 
5-year survival of 62 % in the group of tumors 
without local invasion [5]. In 1963 and 1965, 
Auchincloss and Madden described the modified 
radical mastectomy that consisted in total 

mastectomy preserving both pectorals plus axil-
lary dissection; this provided satisfactory breast 
cancer control and better cosmetic results [6, 7].

In 1976, the National Surgical Adjuvant 
Breast and Bowel Project (NSABP) began to 
design a randomized trial, B-06, consisting of 
2163 patients. They evaluated the efficacy of 
breast conservative surgery in women with stage 
I or II cancer, with tumors ≤4 cm in diameter. 
The patients underwent mastectomy, lumpec-
tomy, or lumpectomy followed by radiation. All 
the patients underwent axillary dissection. The 
20-year follow-up study showed that there was 
no difference in overall survival and disease-free 
survival between the treatment groups. These 
data showed a significant reduction in local recur-
rence in lumpectomy followed by radiotherapy 
(39.2 % vs. 14.3 %, P < 0.01) when compared 
with radical mastectomy [8].

The European Organization for Research and 
Treatment of the Cancer (EORTC) 10801, was a 
multicenter study [9]. It included breast cancer 
stage I–II patients treated with radical mastec-
tomy, conservation mastectomy with lymph node 
dissection, and radiotherapy to the breast. Patients 
with metastases in lymph nodes received adju-
vant chemotherapy. After 20 years of follow-up, 
the results showed that breast-conserving surgery 
group had no difference in overall survival [9]. 
When conservative treatment experienced a boom 
in the 1970s, contributions from the work of 
Mustakalio [4] and Hayward [10] provided refer-
ences for Bernard Fisher in Pittsburgh [11] and 
Umberto Veronesi in Milan (QUART: quadran-
tectomy, axillary dissection, and radiotherapy) 
[12] to establish the preservative treatment 
guidelines.

As illustrated in Fig. 1.1, the data from these 
landmark studies laid the foundation of the con-
cept for breast conservative surgery in the man-
agement of breast cancer.

 Diagnostic and Imaging

The X-ray study of the breast can be performed 
for screening or diagnostic purposes. Screening 
mammography in an asymptomatic patient is 
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Fig. 1.1 Breast cancer treatment and evolution. (a) 
Diagnostic procedure: fine needle aspiration and core 
needle biopsy. (b) Radiolocalization using harpoon in a 

non-palpable lesion. (c) Sentinel node biopsy using 
gamma probe and blue dye. (d) Evolution of mastecto-
mies. From Halsted to conservative surgery



6

confirmed by the usual projections as cranio-
caudal (CC) and medial-lateral oblique (MLO); 
diagnostic mammography occurs in a woman 
with signs and symptoms of breast disease or is 
ordered after the finding of pathology in the 
screening study, which may merit continuing 
with usual projections as focal compression 
with or without extension, exaggerated cranio-
caudal internal and external, strict side or side 
in 90° [13]. Mammography is the screening 
study of choice for breast cancer and has proven 
to be effective in the detection of lesions in very 
early stages, and its use has achieved a reduc-
tion in mortality from breast cancer by 30 %. 
The sensitivity has been reported to be 80–90 %, 
and specificity up to 97 % [14]. In the general 
population without risk factors for breast can-
cer, it is recommended that annual mammo-
grams start at age 40. In patients with BRCA 
mutations, it should start earlier, between 25 
and 30 years; in those patients with family his-
tory, screening should begin 10 years before the 
age of diagnosis of the affected family [15]. 
The American College of Radiology developed 
the Breast Imaging Reporting and Data System 
(BI-RADS) in 1992 to standardize the reporting 
of mammography, intending to develop a com-
prehensible and coherent language standard-
ized internationally [16].

The image quality has evolved over time, from 
analogue mammography to breast tomosynthesis 
mammogram or three-dimensional (3D) mam-
mogram, which was most recently approved by 
the US Food and Drug Administration (FDA). As 
for analogue mammography and digital or 2D 
mammography, both types of mammograms are 
made using the same technique. The difference is 
that analogue mammography obtained analogue 
files via photographic X-rays, while 2D mam-
mography is processed by digital software. One 
of the disadvantages of analogue mammography 
is it is less sensitive in fibrous breasts. It is also 
operator dependent and not able to modify the 
images. Digital mammography overcomes these 
limitations of conventional mammography, 
allowing the electronic manipulation of the 
images. It also eliminates the taking of additional 
X-rays [17].

Digital 3D or breast tomosynthesis mammog-
raphy is ideal for dense breasts. It consists of the 
acquisition of multiple screening exposures by a 
digital detector of an X-ray mammographic 
source moving along a limited angle arc, taking 
0.5 mm images, which are then processed by 
software and read on a workstation similar to the 
studies of tomography and magnetic resonance 
(MR), where they are reconstructed in 2D images 
so you can navigate and view each slice. One of 
its advantages is that it allows physicians to eval-
uate better the superimposition of tissues, dimin-
ishing the recall rate [18].

Another effective and popular diagnostic tool 
for evaluating breast tissue is ultrasound [19]. In 
senology, ultrasound is indicated in the evalua-
tion and characterization of palpable masses and 
other related signs or symptoms. It is also used in 
the evaluation of suspicious anomalies detected 
in other imaging studies, e.g., mammography or 
magnetic resonance imaging. It is used in the 
initial assessment of palpable masses in women 
under 30 years of age who do not have high risk 
for breast cancer or in pregnant women and nurs-
ing mothers as well. Another of its indications 
is in the evaluation of the problems associated 
with prosthetic breasts, evaluation of very dense 
fibroglandular tissue, or detecting an underlying 
mass that may be obscured in mammography. 
Ultrasound can also guide breast biopsies and 
other procedures of intervention or can be used 
in the identification and biopsy of suspicious 
lymph nodes [20].

Currently one of the advances of ultrasound is 
the development of elastography. The ultrasonic 
elastography was developed by Ophir et al. in 
1991 [21]. It is a noninvasive method that allows 
the determination of the mechanical properties of 
tissue, providing information about its elasticity. 
It is very useful in evaluating breast tumors, 
allowing the differentiation between benign and 
malignant lesions: benign lesions are similar to 
the surrounding tissue elasticity, while malignant 
lesions are harder [22, 23].

Finally breast magnetic resonance imaging 
(MRI) has currently been a great contribution to 
senology. It is being employed as a screening tool 
in young patients with high risk of breast cancer. 
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It is also used in the assessment of local extension 
of the disease, since through this study multicen-
tricity and multifocality are determined. 
Similarly, it can ascertain with great accuracy the 
relationship of the tumor with the fascia and the 
possible extension to pectoralis, serratus major 
muscle, or intercostal muscles. It is useful to 
evaluate residual disease in patients with a his-
tory of sparing mastectomy whose specimens 
have been reported as positive or close margins 
and to evaluate the response to neoadjuvant treat-
ment. It also serves as a guide for carrying out 
breast biopsies and learning the location of the 
lesion prior to surgery [24].

Palpable or non-palpable breast lesions that 
have been categorized BI-RADS 4 by mammog-
raphy, ultrasound, and/or kinetic curve suspicious 
in breast MRI require histological confirmation 
[25], either by fine needle aspiration (FNA) or 
core needle biopsy (CNB). The success rates of 
these procedures increase when they are per-
formed under stereotactic guidance in the case of 
microcalcifications or parenchymal distortions, 
ultrasonographic for nodular lesions, or by MRI 
[26]. The CNB (14G) has reported sensitivity up 
to 88 % and a specificity of 90 % [27]. The proce-
dure’s sensitivity increases to 99.2 % if performed 
under ultrasound guidance [28] and up to 100 % 
with stereotactic guidance.

 Surgical Treatment for Breast Cancer

 Palpable Lesions
The decision to carry out a partial mastectomy 
before radiotherapy versus a total mastectomy is 
based on the proven concept of equal survival, 
low recurrence rate, and a remarkable benefit in 
cosmesis [11, 12].

Proper selection of patients is the most 
important issue to make the procedure success-
ful. The American College of Surgeons, the 
American College of Radiology, the College of 
American Pathologists and the Society of 
Surgical Oncology have developed a consensus 
on standards of care for patients being offered 
conservative therapy [29]. The patient must 
have a biopsy that shows the presence of carci-

noma. The histological study of the sample must 
be comprehensive. It includes assessment of 
hormonal receptors, which allows the attending 
physician to discuss with the multidisciplinary 
team about different treatment options that may 
follow. It also includes the possibility of neoad-
juvant chemotherapy to reduce tumor size and 
the possibility of intraoperative radiotherapy 
planning. Radiological studies should be of 
good quality. Attention must be made to evalu-
ate the possibility of the presence of more than 
one tumor or the presence of extensive areas of 
microcalcifications. These features would make 
the patients contraindicated for conservative 
therapy. A prior history of radiation therapy can 
also have the risk that makes the treatment pro-
cess exceed the maximum dose allowable for 
the chest wall. It would make the patient unfit 
for a conservative breast procedure.

Regarding the surgical technique, the incision 
should be as close to the tumor as it can be, 
respecting the Langer’s lines, avoiding any tun-
neling. Resection of skin depends on the proxim-
ity of the tumor, respecting negative margins but 
preserving, when it is possible, the subcutaneous 
fat that improves the cosmetic effect. The evalu-
ation of the specimen by a pathologist at the time 
of the intervention gives us the negative margins 
safety and prevents the reoperation as a result of 
a positive margin reported in the final specimen. 
It is well known that the possibility of local 
recurrence in patients with positive margins is 
greater. It is considered a negative margin when 
the margin ranges from 0.5 to 1 cm. However, 
there are many studies that considered that hav-
ing no ink on the tumor would be a margin good 
enough for breast conservative surgery. Resection 
of a greater margin should be considered in 
patients with lobular carcinoma and with exten-
sive in situ disease.

Mastery of anatomy is vital to the realization 
of a mastectomy. The removal of all breast tis-
sue is essential to prevent local recurrences. It 
will be performed in any patient who is not indi-
cated to have a conservative surgery or prophy-
lactically done to reduce the risk of breast cancer 
in patients with mutations of the breast can-
cer type 1 and 2 susceptibility genes (BRCA1 
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and BRCA2). Mastectomy is also indicated in 
patients with inflammatory carcinoma, extensive 
microcalcifications, or in the presence of mul-
tifocality or multicentricity. Finally, we should 
also respect the desire of the patient who wishes 
to undergo a total mastectomy. Tumor size in 
relation to a patient’s breast size must also be 
considered in the decision to go for breast con-
servative surgery [30].

 Non-palpable Lesions
The ability to detect smaller lesions allows us to 
know better the natural history of the disease. 
With the use of strict pathological criteria that 
define high-risk patients, the use of systemic and 
radiotherapy, coupled with the increased partici-
pation of patients in treatment decisions, has led 
to a radical change in behavior against breast 
cancer. We moved progressively from radical sur-
gery to conserving surgery in the 1980s. Advances 
in diagnostic techniques—the transition from 
analogue mammography to digital and then to 
tomosynthesis, as well as breast ultrasound with 
greater precision and MRI—have allowed physi-
cians to make more accurate diagnoses. Tumors 
being diagnosed are getting smaller and smaller, 
which significantly improves the morbidity and 
mortality of patients with breast cancer.

These advances have forced surgeons to 
develop surgical techniques that allow them to 
treat lesions that are not clinically identifiable. 
These are the lesions that are not tangible, 
namely, nodules, microcalcifications, or paren-
chymal distortions that are catalogued as 
BI-RADS 4 or 5. They can only be found in 
imaging studies, but normally physicians would 
not be able to identify them in the routine clini-
cal evaluation.

A biopsy of any suspicious breast lesion 
should be done before the treatment decision can 
be made. Such biopsy allows the surgeon to 
decide if the lesion is appropriate for surgery and 
what surgical procedure is optimal. In view of 
these features of small tumors, surgery needs to 
be done with the aid of tumor localization by 
radiology. Placement of a guide in the lesion or 
adjacent to the lesion (e.g., a harpoon, radioac-
tive decayed iodine 125 seed or technetium 99 

bound to albumin macromolecule, or injection of 
liquid coal) allows surgeons to achieve a total 
excision of the tumor with adequate margins and 
at the same time keep as much healthy tissue as 
possible (Fig 1.1c). These surgeries give excel-
lent results both from an oncological and an aes-
thetic point of view.

 Sentinel Lymph Node and Axillar 
Dissection
The axillary status is one of the most important 
prognostic factors in breast cancer and is the deci-
sive element for the implementation of systemic 
therapy. Previously, axillary dissection was always 
performed in any patient with breast cancer. In the 
last 15 years, the increasing number of patients 
with early stages (stage I and II) makes it more 
feasible to perform sentinel node biopsy (SNB) 
instead of the complete axillary node dissection. 
SNB is a minimally invasive technique that is used 
in patients with a confirmed diagnosis of breast 
cancer, in order to determine the presence of occult 
metastases in the axillary nodes. In accordance 
with the consensus on sentinel node biopsy in 
breast cancer, which was developed in Philadelphia 
in 2001, sentinel lymph node is defined as the first 
node that is oriented from breast cancer metastasis 
and lymphatic drainage [31, 32]. It is commonly 
found in the central portion of level I, but it can be 
found, in some cases, in level II or level III lymph 
nodes, as in Rotter nodes.

The axillary dissection as part of the treat-
ment of breast carcinoma has a dual role: 
regional disease control and to provide forecast 
information in order to decide which is the 
appropriate adjuvant treatment. Only one-third 
of patients with clinically negative axilla would 
present metastasis in the final histopathological 
study. In the end, the goal of surgical interven-
tion is not to perform extensive surgery or axil-
lary dissection (overtreatment), which leads to 
increased and  unnecessary morbidity. Numerous 
studies have shown that the information derived 
from SNB predicts what is going on in the 
remaining axillary nodes. Thanks to the valida-
tion of this technique, nowadays any patient with 
clinically negative axilla must undergo sentinel 
node biopsy.

I. García-Fleury et al.
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The identification of sentinel node is called 
lymphatic mapping. The technique depends on 
multidisciplinary management, proper interac-
tion with nuclear medicine colleagues, the use of 
technologically appropriate equipment, the use 
of a precise methodology, and the availability of 
a surgical team that has overcome the initial 
learning curve.

SNB is performed by peritumoral, tumor bed-
ding, or subareolar injection of colloidal sulfur 
labeled with technetium 99 (6 to 12 h before sur-
gery), vital blue (placed during surgery), or both. 
Often you can identify the sentinel node by the 
dye. When the combined technique is used, dis-
section is oriented with the gamma probe after 
the dye is identified. Through the radioactivity 
luminous and numerical signal, dissection is 
facilitated [33]. Sentinel lymph node can be 
assessed by the following criteria: blue lymph 
nodes, absence of blue nodes but stained afferent 
canaliculus, and nodes with radioactivity 
increased two to three times. According to the 
experience of the surgical team, either technique 
can be adopted. The identification rate varies 
between 92 and 98 %. The rate of false negatives, 
ranging from 0 to 15 %, is on average 8.8 %.

This technique of SNB is indicated in the fol-
lowing situations: infiltrating ductal carcinomas, 
extensive and/or high-degree intraductal carcino-
mas, candidate to mastectomy, or in T0, T1, and 
T2 stages (up to 5 cm in diameter) and with clini-
cally negative axilla. There are special situations 
in which one could consider the implementation 
of the SNB, and these are post-adjuvant systemic 
therapy, during pregnancy, multicentric and mul-
tifocal disease, previous breast surgery, breast 
cancer in men, remapping of sentinel node, or 
risk reduction mastectomy. This technique is 
contraindicated when the axilla is clinically posi-
tive, when there is presence of distant metastasis 
or in inflammatory carcinoma [34].

Once the sentinel node biopsy is done, the 
sample should be sent to pathology; if it is con-
firmed as negative or there is absence of metasta-
sis, axillary dissection is not indicated. If the 
biopsy reports positive for metastases, axillary 
dissection should be performed.

 Conclusion

The presentation of breast cancer ranges from 
non-palpable disease to palpable disease and 
localized disease to systemic disease. It has come 
a long way since the initial universal approach 
with radical mastectomy, to the current individu-
alized management option with the possibility of 
breast-conserving treatment. The availability of 
advanced imaging techniques, lesion localization 
techniques, and lymph node staging strategies 
together with different adjuvant therapies allows 
the possibility of a more focal treatment of breast 
cancer. While breast-conserving treatment is a 
surgical technique, preoperative patient assess-
ment for suitability involves multiple facets of 
disease characterization. Advancement in genet-
ics, radiology, radiation therapy, and chemother-
apy are the necessary steps to make a focal 
surgical therapy for breast cancer possible, now 
and in the future.

 Prostate Cancer

 Introduction and Background

Prostate cancer is the most common malignancy 
in men in the United States [35], and the second 
most common malignancy in men in the world 
[36]. The established risk factors for prostate 
cancer are age, race, and family history. When a 
man has a first-degree relative being diagnosed 
with prostate cancer, his risk is about twice that 
for men in the general population [37]. Such 
risk would be doubled when the same relative is 
diagnosed with prostate cancer at an age 
younger than 60 years old [38]. Genetic studies 
in families with multiple cases of prostate can-
cer have suggested co-segregation of multiple 
genetic regions. Currently the homeobox gene 
HOXB13 has been identified as a prostate can-
cer predisposition gene [39]. Many other genetic 
regions are being studied for their role in pros-
tate cancer occurrence.

The majority of men with prostate cancer 
have clinically localized disease [40]. In the past 
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few decades, much effort has been put into can-
cer awareness and screening, with the aim of 
early cancer diagnosis. Such effort significantly 
increases the diagnosis and incidence of early- 
stage prostate cancer [41]. Furthermore, prostate 
cancer covers a wide spectrum of prognoses, 
ranging from an indolent disease course to a 
lethal and metastatic state. All these facts chal-
lenge the traditional concept in management of 
localized prostate cancer, which groups all 
patients into either observation or radical whole- 
gland treatment. The Scandinavian Prostate 
Cancer Group 4 trial randomly assigned 695 
men with localized prostate cancer to radical 
prostatectomy (RP) or watchful waiting between 
1989 and 1999. The 18-year analysis reported a 
cumulative incidence of death was 56.1 % in the 
radical prostatectomy group and 68.9 % in the 
watchful waiting group (hazard ratio [HR] 0.71, 
95 % CI, 0.59–0.86; P < 0.001) [42]. As most of 
the patients in this study had clinically palpable 
disease, some authors were skeptical about the 
generalization of this study’s result to this era of 
mostly impalpable, prostate-specific antigen 
(PSA)-detected cancers [43]. On the other hand, 
a risk-stratified strategy in the proposition of RP 
to a specific group of patients was suggested, 
with respect to the study’s findings that the ben-
efit of surgery in preventing cancer-related mor-
tality was largest in men younger than 65 years 
of age and in those with intermediate-risk pros-
tate cancer.

Another study to assess the role of radical 
treatment in prostate cancer is the Prostate Cancer 
Intervention Versus Observation Trial (PIVOT) 
[44]. In the early era of PSA testing from 1994 to 
2002, 731 men with localized prostate cancer 
were randomized into radical prostatectomy and 
watchful waiting. After 12 years, radical prosta-
tectomy did not significantly reduce prostate 
cancer-specific or overall mortality. However, a 
reduction in overall mortality with radical prosta-
tectomy was observed among patients with 
intermediate- risk disease in the subgroup analy-
sis (HR 0.69, 95 % CI, 0.49–0.98). In the low- 
risk subgroup, though it was not statistically 
significant, the HR for overall mortality favored 
watchful waiting rather than radical prostatectomy 

(HR 1.15, 95 % CI, 0.81–1.66). Taken into 
account of the evidence from these two trials, as 
well as considering the morbidities associated 
with any radical treatment, a uniform radical 
approach to all localized prostate cancer calls for 
reconsideration.

To avoid the unnecessary harm brought upon 
by the overdiagnosis and the subsequent overtreat-
ment of prostate cancer by radical means, a nonin-
vasive option known as active surveillance was 
popularized by two groups from the University of 
Toronto and Johns Hopkins University in the mid-
1990s [45, 46]. The results of such a treatment 
option demonstrated promising cancer-specific 
survival with minimal morbidity for men with 
low-risk, clinically localized prostate cancer.

However, this binary approach to prostate 
cancer still cannot fully match the spectrum of 
the disease. Active surveillance is infrequently 
used, and approximately a third of patients on 
active surveillance require treatment [47]. Lying 
between these two strategies of active surveil-
lance and radical treatment of prostate cancer is 
focal therapy. Focal therapy is a therapeutic 
modality that seeks to treat the prostate gland 
under the principle of organ preservation. It is 
flexible in extent, and with the advantage of 
being tailored to the individual patient. In gen-
eral, focal therapy is defined as ablation of the 
dominant or index lesion only [48]. In view of 
this, such therapeutic approach would require 
complementary diagnostic tools to accurately 
define and locate the lesion in order to achieve 
the best treatment outcome.

 Diagnostic and Imaging

Systemic transrectal ultrasound (TRUS)-guided 
prostate biopsy has been the mainstay of prostate 
cancer diagnosis tools for several decades. 
Despite that the number of biopsy cores has 
increased when compared with that in the past, 
the sensitivity of TRUS-guided prostate biopsy 
remains low [49], and under-grading of cancer 
remains high [50].

A modification of TRUS-guided prostate 
biopsy is transperineal template-guided mapping 
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biopsy (TTMB). The Ginsburg Study Group’s 
definition of TTMB is “exhaustive transperineal 
TRUS guided biopsies of the prostate performed 
with the patient in lithotomy position using a 
5-mm brachytherapy grid, with at least one 
biopsy from each hole” [51]. While the cancer 
detection rate of 10- or 12-core TRUS-guided 
prostate biopsy from contemporary series is 
20–35 %, Barqawi et al. reported a TTMB cancer 
detection rate of 68.8 % after an initial negative 
TRUS-guided biopsy [52]. Concerning primary 
TTMB, an even higher cancer detection rate up to 
73.3 % was reported by Bittner et al. [53]. 
Furthermore, TTMB is more accurate in predict-
ing tumor characteristics than TRUS-guided 
biopsy. Onik et al. reported a Gleason upgrade of 
23 % with TTMB [54], and Crawford et al. 
reported that 72 % of the TTMB cores were iden-
tical in grade to RP specimens and 80 % accuracy 
in predicting laterality [55]. Authors have sug-
gested that for TTMB, an easier access to transi-
tion zone and anterior region of the prostate, 
more tissue being sampled in each core, and the 
use of a uniform grid may account for such supe-
rior results [56].

Recently there has been a rapid development 
in prostate magnetic resonance imaging (MRI). 
Multiparametric MRI (mpMRI) encompassing 
diffusion-weighted imaging (DWI), magnetic 
resonance spectroscopy imaging, and dynamic 
contrast-enhanced MRI (DCE-MRI) is becoming 
more easily accessible. Its availability allows 
anatomical, functional, and metabolic assess-
ment of the prostate and its lesions. Briefly, 
T2-weighted images demonstrate the anatomy of 
the prostate and identify any extraprostatic exten-
sion of the disease. Prostate cancer cells would 
take up and release contrast more rapidly in the 
DCE phase, and there is a correlation with tumor 
grading. DWI images show prostate cancer as 
high signal on longer b-value sequence and as low 
signal on the acquired diffusion coefficient (ADC) 
map due to the restricted diffusion of cancer cells. 
In addition, prostate cancer demonstrates an 
increased ratio of choline and creatinine to citrate 
on magnetic resonance spectroscopy. All these 
advances in MRI development make it a useful 
tool in prostate cancer detection. A systematic 

review reported sensitivities of 58–97 % and 
specificities of 23–87 % for detection of clini-
cally significant prostate cancer using multipara-
metric MRI, with trends depending highly on the 
threshold used in the definition of clinically sig-
nificant disease [57].

In view of the advances and popularity of MRI 
for prostate cancer assessment, the European 
Society of Urogenital Radiology (ESUR) pub-
lished the Prostate Imaging Reporting and Data 
System (PI-RADS) to standardize the acquisition 
protocol and assessment of cancer suspicion level 
and location for lesions on MRI in 2012 [58]. A 
recent update with the collaboration of the 
American College of Radiology, ESUR, and 
AdMeTech Foundation brought forth PI-RADS 
version 2 [59]. The consensus expert opinion cur-
rently considers diagnostic quality T2W and 
DWI/ADC images to be the primary MRI 
sequences used for suspicion level assessment of 
lesions. However, DCE-MRI acquisition is still 
recommended in order not to miss small clini-
cally significant cancers. A meta-analysis of 14 
studies evaluating PI-RADS reported a pooled 
sensitivity of 78 % (95 % CI 70–84 %) and 
pooled specificity of 79 % (95 % CI 68–86 %) for 
detection of prostate cancer with multiparametric 
MRI [60].

MRI-guided prostate biopsy is becoming 
more and more available, but there is currently 
no consensus on the optimal technique. 
D’Amico et al. were among the first to report 
the use of MRI to guide prostate biopsy [61]. 
The initial report employed an open-source 
MRI scanner with a field strength of 0.5 T, and a 
transperineal biopsy of prostate was performed. 
Subsequently an MRI-compatible biopsy frame 
for performance of transrectal prostate biopsy 
within a closed MRI scanner was made avail-
able in the market. In general, in-bore MRI-
guided biopsy is accurate, but it requires 
considerable technical support and has signifi-
cant cost and logistic issues [62].

As an alternative to in-bore MRI-guided 
biopsy, cognitive fusion biopsy requires the 
TRUS operator to mentally integrate mpMRI 
findings with TRUS images to target the lesion. 
The cognitive fusion technique is relatively quick 
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and has a cost advantage. However, the accuracy 
is suboptimal when it comes to small lesions 
[63]. Such limitation may be overcome by the 
MRI/ultrasound (US) fusion technology, which 
employs the software fusion biopsy technique. 
With the MRI findings matched and registered to 
the real-time ultrasound images, targeted biopsy 
can be performed. Limitations of this technique 
include the errors in fusion due to spatial defor-
mation of the prostate at TRUS compared to MRI 
[64]. Overall, mpMRI-guided biopsy has a higher 
prostate cancer detection rate and positive core 
rate as compared to standard random TRUS- 
guided biopsy or extended systematic biopsy, 
especially in patients with previous negative 
biopsy [62]. For the detection of clinically sig-
nificant prostate cancer, Moore et al. concluded 
that both MRI-guided biopsy and standard biopsy 
are able to detect such an entity in an equivalent 
number of men. However, MRI-guided biopsy is 
able to achieve detection by using fewer biopsies 
in fewer men, with a reduction in the diagnosis of 
clinically insignificant cancers [65]. It is yet to be 
determined whether it is safe to exclusively 
biopsy the target lesion while abandoning addi-
tional routine systematic biopsy or whether the 
target lesion should only be biopsied at a higher 
sampling density as compared to the rest of the 
prostate tissue [62].

 Focal Therapy Treatment and Its 
Evolution

The initial interest in focal therapy was ignited by 
interventional radiologists. In 2002, Onik et al. 
published the result of their pilot study, in which 
nine patients were treated with focal, unilateral 
nerve-sparing cryosurgery and had been followed 
up for 6 years [66]. All patients had stable PSA 
levels, six patients routinely biopsied had negative 
biopsies, and potency was maintained in seven of 
nine patients. In their more recently updated 
results of 48 men after hemispherical cryoabla-
tion, 94 % of the patients had stable PSA accord-
ing to the original 1996 American Society for 
Therapeutic Radiology and Oncology (ASTRO) 
definition [67]. Twenty-four patients being rou-

tinely biopsied all turned out to be negative for 
prostate cancer. No local recurrences were noted 
in areas treated. All patients were continent, and 
potency was maintained to the satisfaction of the 
patients in 36 of 40 men who were potent preop-
eratively. This technique was coined as “male 
lumpectomy” in their published article.

A similar approach with cryoablation was also 
reported by Bahn et al. [68]. Thirty-one men with 
clinically organ-confined, unilateral tumor iden-
tified by color Doppler ultrasonography and con-
firmed by targeted and systematic biopsy 
underwent focal prostate cryoablation.

At a mean follow-up of 70 months, biochemi-
cal disease-free status according to the original 
1996 ASTRO definition was 92.8 %, and a 
96.0 % negative biopsy rate was observed. A 
total potency rate was 88.9 %, including patients 
on oral pharmaceutical assistance.

Urologists very soon reported their experience 
in cryoablation. Lambert et al. had a series of 25 
patients with primary unifocal prostate cancer 
being treated with focal cryoablation between 
2002 and 2005 [69]. After a median follow-up of 
28 months, 84 % had not experienced biochemi-
cal failure, which was defined as a PSA nadir 
>50 % of the pretreatment PSA or a rise >2 above 
nadir. Seventeen patients remained potent, and no 
patients reported worsened lower urinary tract 
symptoms, incontinence, rectal pain, perineal 
discomfort, or fistula formation.

Besides cryoablation, high-intensity focused 
ultrasound (HIFU) was also employed as a 
modality of focal therapy, and the initial experi-
ence was reported by Ahmed et al. from the 
University College London [70]. Twenty patients 
were recruited into the trial after the diagnosis of 
prostate cancer by mpMRI and TTMB. Follow-up 
biopsy was performed on 19 patients, and 18 of 
them showed no local evidence of recurrence. 
PSA reduction was observed for 12 months, and 
95 % of the patients had their potency main-
tained. As these focal therapy trials of cryoabla-
tion and HIFU provided encouraging results both 
in terms of oncological control and quality of life 
preservation, more interest has been observed in 
the research and development of focal therapy for 
prostate cancer.

I. García-Fleury et al.
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Besides technology advancement, an area of 
constant evaluation and evolution in focal ther-
apy is patient selection. In the initial phase of 
focal therapy development, focal therapy was 
thought to be an alternative to active surveillance 
in very low-risk disease. In 2007, the International 
Task Force on Prostate Cancer and the Focal 
Lesion Paradigm proposed selection criteria for 
focal therapy to include PSA <10 ng/ml, Gleason 
score ≤7, stage ≤T2a, PSA density <0.15 ng/ml/
cm3, PSA velocity less than 2 ng/ml, ≤20 % can-
cer involvement in any biopsy core, and ≤33 % 
of total cores containing cancer. Such conserva-
tive and restrictive criteria for focal therapy can-
didates are in big contrast to the initial focal 
therapy series. The cryoablation series by Onik 
et al. actually included 52 % of the patients at 
moderate or high risk according to D’Amico 
stratification [67]. Bahn et al. did not exclude 
patients based on their preoperative PSA level or 
Gleason score [68]. Ellis et al., who were among 
the first few groups reporting on the use of cryo-
ablation for prostate cancer, included patients 
with intermediate-risk or high-risk disease char-
acteristics [71].

In 2009, a consensus meeting on focal therapy 
in prostate cancer was held at the end of the 2nd 
International Workshop on Focal Therapy and 
Imaging in Prostate and Kidney Cancer in 
Amsterdam, Netherlands [72]. In light of the 
observation that many men with low-risk features 
on biopsy are found to have nondominant Gleason 
4 disease at radical prostatectomy and ultimately 
with very little impact on the clinical course, the 
panel in the meeting considered the presence of 
Gleason pattern 4 disease a non- exclusionary con-
dition. The perception on focal therapy has further 
shifted since then. In a more recent consensus 
meeting occurring in 2013, there was agreement, 
with a high level of consensus, that focal therapy 
should be recommended for intermediate-risk 
patients [48]. Concerning using focal therapy to 
treat men with low-risk disease, the agreement 
was with a lower level of consensus.

The concept of the index lesion and its impact 
on the prognosis of prostate cancer has increased 
the flexibility in the application of focal therapy 
(Fig. 1.2), and thus developed a novel approach 

in selecting the appropriate candidates. With 
time, there is a possibility that as long as local-
ized prostate cancer is accurately staged and 
effective ablation of all targeted cancer is possi-
ble, the urology community may come to the 
consensus that the patient could be a potential 
candidate for focal therapy regardless of risk 
category.

 Options of Focal Therapy

 Cryotherapy
Cryotherapy uses extreme cold temperature to 
induce ice crystal formation, ischemic necrosis, 
and ultimately provoking cell death. With rapid 
freeze and thaw cycles, and the simultaneous 
application of multiple cryoprobes, the dura-
tion of treatment is reduced and the precision 
of the therapy is enhanced. Focal cryotherapy 
is delivered to the prostate with TRUS guid-
ance, inserting cryoprobes transperineally using 
a brachytherapy grid or by a freehand fashion. 
Complication profile is minimized with the use 
of urethral warmer and thermocouples.

The treatment outcomes of cryotherapy were 
registered to the national Cryo On-Line Database 
(COLD) registry. In the 2011 report of the regis-
try, Ward et al. reported 1160 men having been 
treated with focal cryoablation [73]. The 3-year 
biochemical disease-free survival was at 75.7 %. 
Prostate biopsy was performed in 164 patients 
whom were suspected of cancer recurrence, and 
43 of them were found positive. Urinary conti-
nence, as defined by not needing any pad, was 
98.4 %. Maintenance of spontaneous erections 
was 58.1 %. Rectourethral fistula was observed 
in one patient (0.1 %). While appreciating the 
effort of the registry, some authors criticized that 
the absence of entry criteria, of on-site quality 
control and traceability of data, as well as lack of 
patient-reported outcome measures made the reg-
istry not an ideal database to have a comprehen-
sive assessment of cryoablation [74].

 High-Intensity Focused Ultrasound
HIFU as a focal therapy for prostate cancer uses 
low frequencies of around 0.8–3.5 MHz to deliver 
high energy in a restricted space so as to destroy 

1 Evolution in the Concept of Focal Therapy: The Story of Breast Cancer and Prostate Cancer



Fig. 1.2 The three pillars of focal therapy: planning, treat-
ment, and control. (a) Coronal view: T2-weighted mag-
netic resonance images (MRI). Red circle indicates tumor 
outlines. (b) Coronal view: diffusion-weighted MRI. Red 
circle indicates region of interest (ROI) for ablation. (c) 
Coronal view (left panel): ultrasound images during abla-
tion treatment. High-intensity focused ultrasound. Coronal 
view (right panel): ultrasound images during ablation 

treatment. Yellow lines delineate the region of interest 
(ROI). (d) Coronal view: real-time contrast- enhanced 
ultrasound during high-intensity focused ultrasound treat-
ment. Red circle delineates hypoechoic devascularized 
ablated zone. (e) Coronal view (left panel): T2-weighted 
postoperative imaging. Red arrow shows the ablated zone. 
Sagittal view (right panel): T2-weighted postoperative 
imaging. Red arrow shows the ablated zone
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a given area of tissue. By the mechanisms of 
coagulative necrosis and internal cavitation, ther-
apeutic effect is achieved. Both transrectal and 
transurethral techniques have been described 
[75]. Localization of the lesion is by means of 
TRUS or MRI/US fusion. The procedure is per-
formed under general or spinal anesthesia. Prior 
transurethral resection of prostate before HIFU 
focal therapy is no longer routine, considering 
the low risk of urinary retention [76].

A prospective study on HIFU by Ahmed et al. 
studied 42 men between 2007 and 2010 [77].

Of 35 men with good baseline function, 31 
(89 %, 95 % CI 73–97) had erections sufficient 
for penetration at 12 months after focal therapy. 
No histological evidence of cancer was identified 
in 30 of 39 men biopsied at 6 months (77 %, 
95 % CI 61–89). After retreatment in four men, 
39 of 41 (95 %, 95 % CI 83–99) had no evidence 
of disease on mpMRI at 12 months.

So far, few prospective studies on HIFU are 
available. Trials to compare HIFU with standard- 
of- care treatment modality are awaited.

 Photodynamic Therapy
Photodynamic therapy (PDT) uses reactive oxy-
gen species to bring upon tissue damage. The 
interaction between light brought by a laser fiber, 
a photosensitive agent administrated orally or 
intravenously, and oxygen present in tissues leads 
to a chain reaction inducing the release of singlet 
oxygen and antioxidant enzymes. Azzouzi et al. 
reported their experience with 85 men having 
low- to intermediate-risk prostate cancer [78]. 
Sixty-eight patients had unilateral disease and 
underwent hemiablation. At 6 months, 17.4–
38.1 % of patients had a positive biopsy. 
Currently, only phase II trial results are available 
concerning PDT.

 Laser Interstitial Thermotherapy
Laser interstitial thermotherapy (LITT), or also 
known as focal laser ablation, uses laser fibers to 
raise the temperature of the treatment area in 

order to bring upon a therapeutic effect. 
Transperineal insertion of laser fiber to the target 
lesion is done under TRUS guidance or MRI 
guidance. In the phase I trial by Oto et al., it was 
shown to be a safe and feasible option [79]. Seven 
out of nine patients were found to be biopsy neg-
ative in the ablation zone. More data are needed 
to evaluate the oncological efficacy.

 Irreversible Electroporation
In irreversible electroporation, cell homeostasis 
is disturbed by low-energy direct current result-
ing in tissue damage. Local thermal effect is 
avoided because of the low voltage. Energy is 
delivered to the target lesion via electrode nee-
dles. Treatment duration is relatively short, and 
preliminary assessment seems to demonstrate tis-
sue selectivity [80], possibly allowing better 
nerve preservation during treatment. Valeria et al. 
reported their experience in 34 patients [81]. 
After a median follow-up of 6 months, mpMRI 
showed suspicious residual disease in six patients. 
All patients were continent and potency was pre-
served in 95 % of men. While the initial results 
are promising, the technology is still in its early 
stage of development and assessment.

 Conclusion

To avoid the unnecessary complication associ-
ated with radical treatment, focal therapy is 
becoming more prominent as one of the potential 
options in the armamentarium of prostate cancer 
treatments (Fig. 1.3). Advancement in imaging 
and diagnostic techniques allows a more confi-
dent assessment before and after focal therapy. In 
general, phase III study of many focal therapy 
modalities is still lacking. However, preliminary 
data and initial results have demonstrated encour-
aging findings. With the aims of both oncological 
control and functional preservation, focal therapy 
is proving itself to be a promising treatment 
option for localized prostate cancer.

1 Evolution in the Concept of Focal Therapy: The Story of Breast Cancer and Prostate Cancer
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2

 Introduction

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

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

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

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

 The Small Renal Mass Dilemma

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

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

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

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

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

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

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

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

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

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

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

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

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

 Role, Indications, 
and Contraindications of Ablative 
Therapy

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

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

Authors No. of patients
Mean size 
(cm)

Diagnostic 
rate (%)

Malignancy 
rate (%)

Complication rate 
(major/minor) (%)

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

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

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

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

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

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

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

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

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

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

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

Hu et al. 2015 [24] 269 3.4 89 77 N/A

Overall 1663 2.9 88.3 76.1 0.02/5.22

Z. Okhunov et al.



25

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

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

 Surgical Approach

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

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

 Patient Preparation

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

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

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

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

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

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

 Principles of Ablation

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

 Cryoablation

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

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

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

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

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

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

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

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

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

 Cryoablation Techniques

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

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

 Laparoscopic Cryoablation

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

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

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

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

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

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

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

 Percutaneous Cryoablation

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

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

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

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

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

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

 Oncological Outcomes 
and Follow-up

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

 Efficacy of Cryoablation

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

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

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

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

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

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

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

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

 Efficacy of Radiofrequency Ablation

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

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

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

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

Fig. 2.6 Kaplan–Meier 
estimates of recurrence-free 
survival after primary and 
repeat cryoablation

Z. Okhunov et al.



35

was 85.4 % vs 82.1 % (p = 0.06), concluding that 
RFA provides similar long-term renal function 
preservation benefit as partial nephrectomy. [93].

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

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

 Conclusion

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

Prostate cancer has been traditionally treated 
with surgical removal or irradiation of the entire 
prostate gland. While effective at cancer treat-
ment, damage to the delicate structures responsi-
ble for urinary control and erectile function can 
result in long-term side effects and reduced qual-
ity of life in prostate cancer survivors. In an effort 
to achieve cancer control and yet minimize dam-
age to these structures, the urological community 
has been exploring the idea of treating just a spe-
cific portion of the prostate where the cancer is 
located and actively monitoring the untreated 
portion of the gland. This approach is known as 
“focal therapy.”1

If chosen in the correct setting, focal therapy 
may allow one to maintain quality of life for as 
long as possible. With this strategy of treating only 

1 Focal therapy – treating only the area of the prostate 
where the cancer is located

the areas of the prostate with aggressive cancer, 
additional treatments can be administered if new 
areas of aggressive cancer are identified. In order 
to do this, a close follow-up regime is necessary 
after treatment. We believe that the best outcomes 
are achieved when an appropriate treatment is 
matched to a suitable patient based on individual 
circumstances and needs. We wrote this chapter as 
a resource to help you better understand the con-
cept of focal therapy, its benefits, possible side 
effects and risks so as to aid you in making an indi-
vidualized treatment decision for your cancer. For 
a detailed description of specific topics of interest, 
please refer to the other chapters in this text. For 
any specifics regarding your personal health, 
please consult your physician.

 Treatment Options for Prostate 
Cancer

 Traditional Radical Therapies

Traditional treatment strategies for localized 
prostate cancer,2 or cancer confined to the 
prostate only, are based on treating the entire 
gland. This involves surgical excision of the 
whole gland (radical prostatectomy), radiation 

2 Localized prostate cancer – prostate cancer confined 
within the prostate gland only, with no evidence of out-
ward spread
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therapy (via direct placement of radioactive 
seeds/needles [brachytherapy] into the pros-
tate or external beam radiation), or ablation 
(using various cold or heat methods such as 
cryotherapy, high- intensity focused ultrasound 
[HIFU] or laser, or nonthermal methods such 
as electric pulses [irreversible electroporation] 
to kill cancer).

These strategies have generally worked well 
in eliminating prostate cancer within the prostate 
gland but frequently are associated with side 
effects due to collateral damage to adjacent tis-
sues. To help you understand this better, a sketch 
of basic male anatomy is shown in Fig. 3.1. As 
examples, damage to the erectile nerves cause 
inability to have a penile erection, resulting in 
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Fig. 3.1 Anatomy of the prostate and surrounding structures in (a) transverse view and (b) side view
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impotence.3 Damage to the urinary sphincter 
causes urinary leakage or incontinence.4 Scarring 
to the urinary passage or strictures5 result in dif-
ficulty with passage of urine. Radiation damage 
to the bladder (cystitis6) or rectum (proctitis7) can 
result in bleeding even years down the road.

The recognition that these side effects have a 
significant impact on the quality of life of pros-
tate cancer survivors led the urological commu-
nity to explore other, less morbid, ways of treating 
prostate cancer. One major development has been 
the recognition that men with low-risk8 prostate 
cancer tend to have slow-growing, nonaggressive 
cancers. These cancers may have little or no 
impact on a man’s life span, and this has led to 
many calling for not treating these cancers unless 
they grow and threaten a man’s health. Potentially, 
these cancers can be monitored instead. However, 
this is complicated by the fact that up to 40 % of 
cancers thought to be low-risk initially are actu-
ally discovered later to be intermediate- or high- 
risk requiring treatment in order to avoid cancer 
growth and spread.

 Active Surveillance

Active surveillance is an observation strategy of 
carefully monitoring men with low-risk prostate 
cancer with regular checkups using finger/digital 
exam of the prostate, blood tests (such as prostate- 
specific antigen [PSA]), imaging scans, and/or 
biopsies to periodically monitor the behavior of 
their cancer. At any time, if the cancer appears to 
behave in a more aggressive manner, these men 
would likely be advised to discontinue surveil-
lance and receive standard treatment. In pub-

3 Impotence – the inability to have an erection with the 
penis
4 Incontinence – urinary leakage that cannot be controlled
5 Stricture – narrowing of the urinary passage, usually due 
to scar tissue
6 Cystitis – irritation/inflammation of the bladder
7 Proctitis – irritation of the rectum
8 The D’Amico low-risk criteria considers those with a 
prostate-specific antigen (PSA) <10, tumor involving less 
than half of one lobe of the prostate gland, and biopsy 
Gleason score of 3 + 3 or less.

lished reports, approximately 50 % of men 
remain treatment-free at 10–15 years of surveil-
lance. The downside to this approach is that the 
frequent checks and biopsies are a healthcare 
burden to the patient. Prostate imaging and biop-
sies have an associated cost, and biopsy is not 
without discomfort and complications. There is 
still insufficient data and experience currently to 
support a reduced frequency of checks in men on 
active surveillance.

 Focal Therapy

Focal therapy refers to a strategy of treating only 
the part of the prostate gland that contains cancer 
using an energy source such as cryotherapy 
(using very cold temperatures to freeze the tis-
sue), HIFU (high-intensity ultrasound that heats 
up the tissue), or laser. This strategy is generally 
only suitable for men with one or two discrete 
areas of prostate cancer. This usually allows one 
to decrease the risk of collateral damage, reduc-
ing side effects and maintaining sexual and uri-
nary function, while still eliminating the cancer. 
This technique, however, is still in the develop-
mental phase, and long-term data is needed to 
demonstrate this. As long-term cancer recurrence 
rates are also unknown at this time, close follow-
 up after treatment is required to monitor for dis-
ease recurrence, similar to traditional treatments.

To take things one step further, one may treat 
the area of aggressive cancer within the prostate, 
leaving areas of slow-growing cancer untreated. 
In this approach, the remaining untreated part of 
the prostate gland is placed on active surveillance 
and closely followed to be sure no new tumors or 
aggressive ones develop. Focal therapy is also 
repeatable and can be applied to the same part of 
the prostate gland if cancer recurs here or other 
parts of the prostate gland as the need arises.

Another setting in which focal therapy may be 
applied is after other traditional treatments have 
failed. If cancer recurs after prostate irradiation 
or ablation, focal therapy can be used provided 
that the recurrence occurs in one well-defined 
part of the gland only. The use of focal therapy 
for prostate cancer that recurs following an initial 
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treatment is called “salvage” and may carry with 
it a different side-effect profile.

 Determining if Focal Therapy Is 
Suitable for You

 Why Consider Focal Therapy?

Focal therapy can be considered if you wish to 
try to preserve your sexual and urinary function 
while achieving control of your cancer using a 
minimally invasive approach. However, focal 
therapy is a highly personalized approach that is 
suited to some, but not all, men. Here we discuss 
some factors that you should consider to help 
determine whether this is a treatment suitable for 
you.

 Cancer Treatment Needs

The primary goal must be to eradicate any aggres-
sive cancer within the prostate. Therefore, it is 
first important to determine whether your cancer 
can be sufficiently treated with focal therapy. It is 
currently thought that the majority of prostate 
cancers are low-grade and pose little threat to 
life, whereas a proportion of cancers are high 
grade, more aggressive, and more likely to impact 
one’s life span. It is thus essential to map out the 
location of cancers within the three-dimensional 
(3D) space of the prostate with an emphasis on 
aggressive cancers. The most important principle 
is to get as accurate a cancer location map within 
the prostate as possible. The more accurate the 
map, the better the ability to target. As an exam-
ple, if you were to invite someone to your house 
for dinner and told them to drive to Boston, well, 
Boston is a large city, and your guest would not 
be able to find you. In order for your guest to 
arrive at your exact house, you will need to pro-
vide directions that include the city, road, house 
or apartment number, etc. To date, there are two 
methods to identify and locate prostate cancer 
within the three-dimensional prostate gland: mul-
tiparametric magnetic resonance imaging 
(mpMRI) and biopsy. Cancer mapping can be 

accomplished using biopsy with or without the 
help of imaging such as mpMRI.

 Biopsy of the Prostate

Standard 12-core transrectal ultrasound biopsy 
(TRUS biopsy), which is the usual biopsy that a 
man has in a urologist’s office to detect cancer, is 
generally thought to be insufficient in terms of 
providing the precise “address” of the prostate 
cancer. Increasing the number of biopsy cores to 
16, 18, or 24 may improve mapping prior to focal 
therapy but often marginally. Furthermore, this 
standard prostate biopsy procedure is usually 
performed in the office setting, and increasing the 
number of cores may result in a longer procedure 
and patient discomfort.

Three-dimensional transperineal9 mapping 
biopsy (3D-TMB) is a biopsy usually performed 
under anesthesia obtaining anywhere from 40 to 
80+ biopsies at close (5 mm) intervals using a 
grid to provide a 3D spatial record of the location 
(using x, y, and z coordinates) of each biopsy 
core. This is thought to be the gold standard for 
biopsy mapping of prostate cancer. While it is 
still possible to miss cancer within the 5 mm 
intervals, such a cancer focus would likely be 
very small and not be significant clinically.

 Imaging

Multiparametric magnetic resonance imaging 
(mpMRI) is the best imaging modality available 
today for detecting prostate cancer. It preferen-
tially detects larger and higher-grade or more 
aggressive cancers rather than low-grade cancers. 
When there is suspicion of a cancerous area seen 
on mpMRI, a targeted biopsy, where the biopsy 
needle is directed toward that specific area or tar-
get, may be performed to better characterize the 
cancer in terms of location and aggressiveness.

9 The perineum refers to the skin between the scrotum and 
anus. The transperineal procedure thus uses this route and 
avoids going through the rectum.
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Ultimately, your physician may recommend 
either a 3D-TMB or mpMRI (sometimes both) to 
locate your cancer and determine if you are a 
candidate for focal therapy. It also depends on 
how thorough an evaluation you desire 
pretreatment.

 Personal Needs

In traditional whole-gland treatment, there is a 
moderate to high risk of damage to the erectile 
nerves, even when the surgeon tries to preserve 
them (nerve-sparing prostatectomy) (Fig. 3.1a). 
Focal therapy offers the potential to preserve or 
maintain sexual function. This is particularly the 
case where the cancerous area is located far away 
from both erectile nerves. Sexual function often 
carries a different importance to every individual. 
One’s current and anticipated future level of sex-
ual activity must thus be carefully considered in 
making the decision for focal therapy. For exam-
ple, it would be of great interest to a man who is 
able to have erections and good sexual function. 
On the other hand, a man with already poor sex-
ual function might not reap as much benefit from 
focal therapy and only assume the disadvantages 
(i.e., less certain cancer control). Such an indi-
vidual might be better served with traditional 
whole-gland treatment.

Additionally, whole-gland treatment carries a 
real risk of posttreatment urinary leakage (incon-
tinence) and narrowing of the urinary passage 
(urethral stricture) (Fig. 3.1b). Focal therapy 
directed on one specific part of the prostate away 
from the urethra or urinary sphincter10 may theo-
retically help reduce the chance of these 
complications.

 Mindset and Personality

The goal of focal therapy is to preserve urinary 
and sexual function, and it does so by selectively 

10 A circular muscle around the urethra or urinary passage 
that tightens to prevent urinary leakage when the bladder is 
full and relaxes when it is time to pass urine (Figure 3.1)

treating a part of the prostate gland. By not treat-
ing the entire prostate, aggressive cancer can 
occur later in other parts of the gland. This is 
opposed to traditional methods of treatment, 
which aim to eradicate the entire gland with the 
goal of a “one-step cure.” As such, close follow-
 up is required after focal therapy, and the treat-
ment itself can be seen as the first step in the 
journey of managing prostate cancer as a chronic 
disease.

While we believe that better outcomes can be 
achieved with this strategy in carefully selected 
patients, the patient himself must be willing to go 
along with the careful follow-up after treatment. 
If necessary, additional treatments will be admin-
istered as the condition evolves. This strategy 
would not be suitable for someone who is impa-
tient, anxious, or would just like to get the prob-
lem “resolved.” Such an individual might be 
better served with traditional whole-gland treat-
ment methods.

 Summary: Signs that Focal Therapy 
May Be a Good Fit for You

• Your PSA is less than 15.
• Your clinical stage of prostate cancer is T1c or 

T2a.
• The cancer appears to be clustered to one area 

of the prostate on 3D-TMB, mpMRI, or both.
• You understand and accept that the whole 

gland will not be treated.
• You understand the risks of undertreatment 

and progression and the potential need for fur-
ther treatment.

• You understand the need for monitoring.
• You understand that while the goal is to maxi-

mize urinary and sexual function, there are no 
guarantees as to the results.

 Types of Ablative Technology 
Available for Focal Therapy

While the concept of focal therapy remains con-
stant, in real life there are many variations in its 
application. Put simply, it is the delivery of a 
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toxic stimulus to kill a certain focus of cells 
within the prostate gland. The technical details of 
the various types of stimulus and how they can be 
delivered to the prostate are discussed in separate 
chapters of this book. It is important to under-
stand that the risks and benefits of the proposed 
treatment are partly based on the technology 
used. Suffice it to say that there is currently insuf-
ficient evidence to conclude on the superiority of 
one technique over the other. Also, new develop-
ments are expected to occur in the future. Table 3.1 
summarizes these various techniques.

 What to Expect 
During the Treatment Process

The typical focal therapy procedure is an outpatient 
procedure, often performed under anesthesia. While 
it is usually short (approximately 1 h+ in duration), 
anesthesia is not without its risks. Therefore, stan-
dard preanesthetic workup including blood tests, 
chest X-ray, and an electrocardiogram may be per-
formed. If you have other significant medical prob-
lems, you should visit your internist to make sure 
that you are medically optimized prior to schedul-

ing the procedure. For example, if you are on 
anticoagulants,11 these may need to be stopped or 
adjusted under the direction of your internist for 
several days prior to the procedure.

Fasting for several hours is required usually 
starting from the night prior to the procedure. 
You may also be required to undergo bowel prep-
aration with laxatives. Occasionally, focal ther-
apy may be performed under spinal anesthesia or 
simply with a local nerve block. This may be 
safer from an anesthetic standpoint, but there 
remains a possibility that partial anesthesia is 
insufficient and must be converted to general 
anesthesia. Prior to anesthesia, the anesthesiolo-
gist will meet with you to explain anesthetic con-
siderations and risks in detail.

During the treatment, the patient will be posi-
tioned on the treatment table. The typical posi-
tions are on one’s side for a transrectal treatment 
or on the back with the legs in the air supported 
by stirrups for a transperineal treatment. A target-
ing probe will typically be placed in the rectum, 
and the energy will be delivered transrectally or 
transperineally (Figs. 3.2 and 3.3). There may be 

11 Anticoagulant – a blood-thinning medication

Table 3.1 Various technologies for focal therapy

Energy Energy type Delivery mode Guidance Commercial examplea

Heat High intensity 
frequency ultrasound

Transrectal Ultrasound Ablatherm™
Sonablate™

(HIFU) MRI InSightec

Transurethral Ultrasound TULSA™

Laser Transperineal Ultrasound

MRI Visualase™

Transrectal Ultrasound, also 
MRI

Cold Cryotherapy Transperineal needles Ultrasound Endocare
Galil

MRI

Radiation Gamma radiation Extracorporealb Surgically placed 
gold markers

Stereotactic body 
radiation therapy 
(SBRT)

Alpha radiation Transperineal seed 
implants

Ultrasound Seed brachytherapy

Nonthermal Irreversible 
electroporation

Transperineal Ultrasound NanoKnife™

Light therapy Photodynamic therapy Transperineal Ultrasound Tookad™
aThis list is not meant to be exhaustive
bFrom outside the body
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Transrectal HIFU
treatment probe

Treatment beam
focused onto

prostate
trans-rectally

The perineal
skinUltrasound scanner

monitoring treatment

Treatment probe
placed trans-perineally

scrotum

a

b

Fig. 3.2 (a) An example of transrectal treatment using a 
HIFU probe. The treatment beam passes through the rec-
tal wall to focus on the prostate. (b) An example of trans-

perineal treatment using a cryotherapy probe. The probe is 
placed through the perineal skin, and treatment is moni-
tored by the ultrasound scanner in the rectum
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transient rectal discomfort. When performed 
transperineally, there are usually small needle- 
prick wounds that may feel a little sore, or, less 
commonly, there may be bruising seen behind the 
scrotum. In some centers, real-time MRI is used 
to monitor the treatment, and the patient may be 
treated in the MRI “donut” itself.

 What to Expect Immediately 
After Treatment

Some focal therapies cause swelling of the pros-
tate that may make urination more difficult. At 
the end of the procedure, a urinary catheter may 
be temporarily placed via the urethra to allow 

The patient rests on
his back with his legs

suspended up by
stirrups for a

transperineal procedure

Perineum – the needles
(represented by the black
dots) are placed through
the skin here into the
prostate

US probe for imaging is
placed in the rectum

a

b The patient lies on the
side for a transrectal

procedure

The combined imaging and treatment
probe for transrectal HIFU is placed in

the rectum through the anus here

Treatment table

Fig. 3.3 Examples of patients receiving treatment in the (a) lithotomy position for transperineal treatment and (b) lat-
eral position for transrectal treatment
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you to freely urinate. This is typically left in 
place for several days to allow any residual swell-
ing caused by the therapy to resolve. Occasionally, 
a suprapubic catheter12 may be used instead of a 
urethral catheter. A nurse will instruct you on 
care and management of the catheter if you have 
one. As focal therapy is usually performed as an 
outpatient procedure, one could reasonably 
expect to be sent home after a short period of 
observation.

Post-procedure, there is a small risk of bleed-
ing or infection. It is not uncommon to have 
bruising of the skin where the treatment was 
applied. Some lightly blood-stained urine is nor-
mally seen in the days after the procedure and 
can persist or recur to some degree for several 
weeks. This is usually self-limiting and should 
not be cause for alarm. On the other hand, heavy 
(thick and red) bleeding may cause blockage to 
the catheter. Should this occur you will need to 
let your treating physician know. Persistent and 
high fevers may also signify infection and may 
need to be treated.

The urinary catheter, if you have one, is usu-
ally removed within several days to a few weeks 
after the procedure. You may be observed in a 
physician’s office to ensure that you can urinate 
without difficulty. There may be a mild burning 
or painful sensation in your urethra upon urinat-
ing, but this should decrease and resolve over the 
subsequent days. If these sensations are persis-
tent, worsening, or resulting in an inability to uri-
nate, you should be assessed by your doctor.

 Long-Term Functional 
and Oncological Outcomes 
after Focal Therapy

 Functional Outcomes

The recovery of erections varies between indi-
viduals, depends on the prior ability to have and 
maintain erections, as well as one’s desire (libido) 
and state of mind. When both erectile nerves are 

12 A suprapubic catheter is a urinary drainage tube placed 
into the bladder through the skin of the lower belly.

preserved, the rate of recovery of erections is 
approximately 90 % at 1 year. When only one 
erectile nerve is preserved, the rate of recovery is 
approximately 50–70 % at 1 year. During the 
recovery phase, it is sometimes helpful to undergo 
penile rehabilitation. This involves the stimula-
tion of blood flow to the penis using medications 
such as Viagra, Cialis, or Levitra or the use of a 
vacuum pump. Put simply, the penis needs blood 
supply and penile massage is a great way to 
encourage this. In general, the earlier this is 
started, and the more persistently it is done, the 
better the chances of recovery. Erectile function 
can continue to improve over the course of a few 
years after treatment, particularly if you actively 
participate in an erection recovery program and 
penile stimulation, maintaining good blood sup-
ply to the penis.

The recovery of continence is usually early 
compared to traditional whole-gland treatments. 
Still, it is beneficial to strengthen the sphincter 
muscles by performing Kegel exercises.13 Again, 
the earlier this is started and the more persistently 
it is done, the better the chances of recovery.

 Cancer Treatment Outcomes 
and Posttreatment Surveillance

Focal therapy is a relatively new treatment strat-
egy, and there is less experience with long-term 
outcomes in the urological community. Also, 
recurrence of cancer can occur within the treated 
zone, or a new cancer may be detected in a section 
of the prostate that was not treated. Cancer occur-
ring outside the treated zone may be observed in 
small, low-grade tumors just as though they are 
on active surveillance. A large or high-grade can-
cer detected in or out of the treatment zone could 
potentially be treated with further focal therapy. 
Alternatively, one could consider switching to 
whole-gland treatment at this point.

While most physicians agree on the need for 
close follow-up, there has hitherto been no con-
sensus on how intense this follow-up regimen will 

13 An exercise where the pelvic floor muscles are squeezed 
and relaxed intermittently to strengthen the pelvic floor
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be. International consensus panels` have recom-
mended 6-month checkups with physical exami-
nation and PSA blood tests. As a good portion of 
the prostate gland likely remains untreated, one 
expects the PSA to be detectable after treatment. 
On average, the PSA drops by up to 80 % by the 
3-month posttreatment visit. At present, there is 
insufficient evidence to guide the interpretation of 
PSA after focal therapy. Instead, we recommend 
repeat imaging with mpMRI and prostate biopsy 
of any suspicious lesions at 1 year and subse-
quently at the 2–3 year interval. However, if per-
sistent elevation in PSA is observed, an earlier/ 
additional biopsy or MRI should be considered.

 Conclusion

Focal therapy is a cutting edge approach to pros-
tate cancer treatment based on state-of-the-art 
understanding of the biology of prostate cancer. 
However, it is a relatively new approach to treat-
ing prostate cancer, and understanding its long- 
term outcomes requires a longer period of 
observation. In the right hands and applied to the 
right patients, it offers the potential to preserve 
urinary and erectile function, while achieving 
eradication of clinically significant prostate can-
cer. Close follow-up is recommended after 
treatment.
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4

 Introduction

 The Rationale for Active Surveillance 
of Low-Risk Prostate Cancer

The rapid uptake of prostate-specific antigen 
(PSA) testing in North America in the late 1990s 
was strongly associated with a nearly threefold 
increase in the incidence of prostate cancer over 
a half-decade [1]. During this period, the median 
volume of cancer in men with newly diagnosed 
prostate cancer also decreased, signaling a dra-
matic stage migration. A significant proportion of 
these men with newly diagnosed prostate cancer 
(approximately 50 %) have low-risk prostate 
cancer (Gleason score 6 and PSA <10) and do 
derive little benefit from active, radical treat-
ment. The rationale for active surveillance (AS) 
hinges on a consideration of the molecular fea-
tures and indolent clinical behavior of low-grade 
prostate cancer.

The wide disparity between prostate cancer 
prevalence and prostate cancer mortality under-
scores the fundamental molecular and genetic 

characteristics of Gleason grade 3 prostate cancer. 
Hallmarks of cancer include insensitivity to anti-
growth signals, unlimited replicative potential, 
sustained angiogenesis, local tissue invasion, 
metastasis, self-sufficiency in growth signals, 
deregulation of cellular energetics, and avoidance 
of immune destruction [2]. These hallmarks are an 
important framework within which the contrasting 
genetic and molecular characteristics of Gleason 
grade 3 versus grade 4 cancers can be considered. 
Specifically, genes involved in cellular prolifera-
tion (AKT, HER2), which are overexpressed in 
Gleason grade 4, however, show normal levels in 
Gleason grade 3. The same is true of genes 
involved in cell-cycle regulation, cellular inva-
sion, and metastasis. Lastly, genes that provide a 
survival advantage for cancer through apoptotic 
resistance, pro-angiogenesis, and deregulating cel-
lular metabolomics are also abnormally overex-
pressed in Gleason grade 4, but not Gleason grade 
3. More recently, deep sequencing of somatic 
mutations has shown that low-grade prostate can-
cer diverges early from high-grade cancer and that 
metastases share genetic homology with high-
grade but not low- grade cancer [3].

The indolent behavior of Gleason score (GS) 
6 is exemplified by large surgical series wherein 
this grade of cancer shows little or no metastatic 
potential. Surgical series are informative because 
pathological review of the resected prostate 
allows attribution of higher risk to those individ-
uals concomitantly harboring higher-grade 
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 disease. It is estimated that approximately 30 % 
of cases with Gleason 6 on biopsy are upgraded 
after surgery and likely account for the prostate 
cancer mortality detected in series of “watchful 
waiting” based on biopsy pathology [4]. Although 
surgical extirpation may alter the natural history 
of cancer, large surgical series of pathologically 
homogeneous Gleason 6 demonstrate uniformly 
indolent behavior. In one study of approximately 
14,000 men with pathological Gleason 6 cancer, 
only 22 had evidence of metastasis to lymph 
nodes [5]. When 19 of these 22 cases of lym-
phatic involvement were re-reviewed, they were 
all found to have higher-grade disease in the 
prostate than previously reported. In another 
series of approximately 24,000 patients treated 
by radical prostatectomy at four academic cen-
ters, the 15-year prostate cancer-specific mortal-
ity rate for 12,000 men with pathologically 
confirmed GS 6 or less was 0.2–1.2 % [6]. Only 
three patients out of 9557 with Gleason score 6 or 
less and organ-confined disease died of prostate 
cancer, and all of these had higher-grade cancer 
on re-review.

The substantial evidence that Gleason pattern 
3 has little to no metastatic potential allows phy-
sicians to use terminology such as “pre-cancer” 
or “pseudo-cancer” when counselling patients. 
One significant limitation to this approach has 
been the apparent oxymoron of describing a 
“pseudo-cancer” using the term Gleason score 6 
out of 10, which may be perceived by the patient 
as having an intermediate grade. The new 
International Society of Urological Pathology 
revised the scoring system [7], which uses Grade 
Groups 1–5 and will allow the clinician to ascribe 
indolence in the context of a congruent scoring 
system (Grade Group 1 = Gleason score 3+3). 
Widespread adoption of active surveillance for 
low-risk disease would preserve quality of life in 
many patients, avoiding the detrimental effects of 
treatment on erectile and voiding function. From 
a population health perspective, active surveil-
lance represents a cogent response to the problem 
of overtreatment related to PSA-based screening. 
Public health agencies, such as the US Preventive 
Services Task Force (USPSTF), have recom-
mended against PSA testing mainly because of 

harms caused by overtreatment compared to its 
relative benefits, summarized by a high number 
needed to treat (NNT) to avoid a single death. 
Using active surveillance for indolent cancers 
while selectively treating patients who need treat-
ment (focusing on those at risk of prostate cancer- 
related mortality) has the potential to decrease 
the NNT. This has the potential to “rehabilitate” 
PSA-based screening, by matching the benefits 
of early diagnosis to those who need treatment, 
thereby leading to a reduction in prostate cancer- 
related mortality.

 North American Uptake of Active 
Surveillance

There is substantial and mounting evidence of 
excellent oncological outcomes for patients man-
aged with active surveillance, in terms of low 
metastatic events and favorable rates of prostate 
cancer death. These oncological outcomes, 
mostly from academic single-center experiences, 
have been reviewed extensively elsewhere [8, 9]. 
Over the past decade, wider acceptance of active 
surveillance has been reflected by several 
population- based studies. Data from the Cancer 
of the Prostate Strategic Urologic Research 
Endeavor (CaPSURE), a registry of 45 predomi-
nantly community-based urology practices in the 
United States, indicates that approximately 40 % 
of low-risk prostate cancer was managed by 
active surveillance or watchful waiting during the 
period of 2010–2013 [10]. This figure is nearly 
double in men aged 75 and over, who stand to 
benefit the most from this approach. By compari-
son, only 10 % of men with low-risk prostate 
cancer were managed with active surveillance or 
watchful waiting in 2004–2006 [11]. Ingimarsson 
et al. recently reported data from the New 
Hampshire State Cancer Registry, demonstrating 
that active surveillance for low-risk prostate can-
cer steadily increased from 17 % to 42 % over the 
study period (2004–2011) [12]. The Michigan 
Urologic Surgery Improvement Collaborative 
(MUSIC), which includes 42 urology practices, 
reported that approximately half utilized active 
surveillance for low-risk prostate cancer [13].
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 The Limitations of Active 
Surveillance

The strategy of active surveillance fundamen-
tally hinges on the available technology and 
strategies to appropriately risk-stratify patients 
into low- risk disease, defined by grade and vol-
ume. Gleason grading involves judgment and 
thus is subject to variability in interpretation 
between observers. Despite this variability, it is 
remarkable that Gleason grade 3 assigned by the 
pathologist portends excellent prognosis and 
essentially little risk of metastasis based on the 
previously described clinical studies. However, 
Gleason scoring, despite its correlation with 
molecular phenotype, is imperfect. A recent 
report of detailed genetic analyses of multiple 
metastatic sites was performed on a single 
patient, initially treated by radical prostatec-
tomy (pT3a, N1) at age 47, who eventually suc-
cumbed to metastatic castrate-resistant prostate 
cancer after multiple salvage therapies [14]. 
Whole genome analysis of anatomically sepa-
rate metastases (lung, liver, and peri-gastric 
lymph node) showed closer molecular homol-
ogy to a small focus of Gleason pattern 3 as 
opposed to the large volume of Gleason pattern 
4 that was concomitantly present. The extent to 
which this finding is generalizable is unclear. It 
is possible that the genetic landscape of Gleason 
grade 3, which coexists with Gleason pattern 4, 
is more aggressive—a consideration that could 
not be further elucidated due a lack of high-
quality DNA needed for evaluating the genetic 
relationship between different foci of cancers 
identified in the primary gland. Adverse genetic 
features of a low-grade cancer in a field of 
higher-grade cancer may reflect a field effect or 
the “phenocopying” influence of RNA- 
containing exosomes released by more malig-
nant cells and taken up by lower-grade cells 
[15]. This case highlights a rare potential for 
Gleason grade 3 disease to metastasize, which 
must be weighed against the wealth of clinical 
data that supports the low metastatic potential of 
indolent prostate cancer and the further low 
likelihood of grade progression. It is estimated 
that the incidence of true biological grade pro-

gression (from pattern 3 to patterns 4–5) is on 
the order of 1 % per year and therefore rela-
tively uncommon. Further, since it is likely the 
molecular markers of Gleason 3 that confer 
increased risk are infrequent, the yield of wide-
spread screening to identify this small group of 
patients is unclear. This has to be balanced with 
the societally acceptable range of metastatic 
risk, which, depending on the inclusiveness of 
the active surveillance protocol, ranges from 0.5 
to 5 % [16, 17].

Misattribution, or the failure to identify coex-
istent higher-grade disease, is a major limitation 
of active surveillance. This reflects the quality of 
prostate sampling. The practice of performing a 
confirmatory biopsy has been adopted to mini-
mize this risk. In addition, predictive factors such 
as PSA density, race (African origin), and high 
volume Gleason pattern 3 (as signaled by signifi-
cant core involvement) are used to identify men 
at risk of disease reclassification [18]. The ability 
to incorporate multiparametric magnetic reso-
nance imaging (mpMRI) into the staging algo-
rithm may allow for improved identification of 
coexistent, higher-risk disease prior to starting 
active surveillance. The negative predictive value 
of MRI is the key metric, which ranges from 58 
to 100 % [19]. The combination of Gleason score 
6 on biopsy with a negative MRI represents a 
novel low-risk class with a very low likelihood of 
harboring higher-grade disease [20, 21]. The 
Active Surveillance MRI Study (ASIST) trial, a 
randomized phase III study that recently com-
pleted accruement, is expected to provide infor-
mation on whether MRI can improve the selection 
of patients for active surveillance [22].

Increased identification of low-risk disease 
(over-detection) has been driven by widespread 
PSA-based screening. While active surveillance 
addresses over-treatment, it cannot alter over- 
detection. It is, however, a reasonable solution to 
overtreatment and is cost-effective compared to 
definitive treatment [23, 24]. The burden of active 
surveillance is not zero. A proportion of men will 
eventually undergo treatment. In some patients, 
this is motivated by anxiety and/or worsening 
urinary symptoms, rather than objective evidence 
of cancer risk progression. These two phenomena 
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appear related. Anxiety in men on active surveil-
lance is associated with intolerance to uncertainty 
and may be worsened by urinary symptoms [25]. 
Active surveillance also involves costs of long- 
term follow-up.

Thus, a corollary to this solution to overtreat-
ment is to pursue novel methods to prevent 
detection of indolent prostate cancer in the first 
place [26]. Strategies to achieve this include tar-
geted or individualized PSA-screening, use of 
multiparametric MRI and targeted biopsy for 
screening [27] and lastly, utilizing genetic and 
blood biomarkers in an integrated manner to 
decrease over-detection [28]. Reducing detec-
tion of indolent cancer, while appealing, requires 
proof that these strategies used to define indi-
viduals at little risk have robust negative predic-
tive ability. While this remains to be achieved 
(MRI false-negative rate is 15 %), the likely 
sequela of this approach would lead to reducing 
the candidates who require active surveillance. A 
complementary strategy is the development of 
improved molecular biomarkers [29, 30] of truly 
indolent disease that would allow surveillance to 
be decreased in intensity and duration or alto-
gether eliminated in appropriate individuals. 
Progression of Gleason score 6 to clinically sig-
nificant cancer occurs rarely, and while this is a 
rare event that should not be viewed as a limita-
tion to AS, biomarkers for progression are 
needed. Taken together, the proportion of candi-
dates eligible for surveillance, and the nature of 
active surveillance, will evolve.

 Boundary Between Active 
Surveillance and Focal Therapy

Focal therapy represents a strategy to target the 
location of the dominant disease in the prostate, 
thereby allowing significant tissue preservation 
and reduced negative effects to quality of life. 
Tissue preservation in active surveillance is inex-
orably linked to its quality of life benefits. Active 
surveillance represents an important step in 
matching the aggressiveness of the treatment 
strategy to that of the cancer, and focal therapy 
represents a middle ground, where some degree 

of tissue destruction is indicated to control the 
index cancer, but radical treatment to the whole 
gland represents overtreatment. Focal therapy 
will undoubtedly become an important strategy 
since diagnostic techniques that confer precise 
location such as mpMRI and template biopsy 
[31] are increasingly utilized. These identify 
index lesions that are clinically significant but 
occupy a small proportion of the prostate. These 
approaches have a high degree of concordance 
(approximately 95 %) between the risk at diagno-
sis by systematic biopsy and the assigned risk 
based on radical prostatectomy specimen or tem-
plate mapping biopsy (5 mm) [32, 33]. A risk 
stratification model that takes into consideration 
both volume and grade, such as the “traffic-light” 
stratification model (“green,” “yellow,” and “red” 
disease), is compelling [8, 34].

Given the established role of active surveil-
lance, candidates for aggressive treatment have 
been reduced. Specifically, Gleason 6, non- 
extensive disease, with a non-suspicious MRI 
and with low PSA density, represents ideal candi-
dates for active surveillance. There exists a “gray 
zone” of patients wherein the selection of active 
surveillance versus more aggressive therapy is 
unclear. This may represent an opportunity to 
deploy focal therapy. This includes patients with 
very extensive Gleason score 6, Gleason 6 in men 
less than 50 years of age, and Gleason 7 with 
<10 % Gleason pattern 4. An additional group of 
patients are those with Prostate Imaging 
Reporting and Data System (PI-RADS) 4–5 with 
low-grade disease on targeted biopsy or a high 
PSA density. Lastly, African-American race 
should be given some consideration for more 
aggressive treatment. African-Americans on 
active surveillance have higher rates of disease 
reclassification and worse outcomes after treat-
ment compared to Caucasians [35]. Emerging 
biomarkers, including genetic tests, could help 
further reclassify seemingly low-risk disease 
with greater metastatic potential that warrants 
more intensive therapy. In contrast, patients with 
Gleason ≥7 with >10 % Gleason grade 4 are 
clearly the traditional group of patients for 
aggressive therapy. The use of focal therapy in 
this group should remain selective.
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 Conclusion

Moving forward, the challenge focal therapy 
faces is in demonstrating long-term, durable dis-
ease control. There are several competing focal 
therapies such as high-intensity focused ultra-
sound, cryotherapy, and brachytherapy. The com-
parative effectiveness of these approaches 
remains to be elucidated. Studies of focal therapy 
should be carried out in patients with clinically 
significant cancer, not in men who would be bet-
ter managed with surveillance. They are comple-
mentary. Without this focus, there remains a real 
risk of focal therapy being overutilized in low- 
risk prostate cancer.
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 Introduction

Prostate cancer (PCa) is the most commonly 
diagnosed cancer in European men (382,000 new 
cases annually: 22.2 % of all male cancer cases), 
followed by lung (291,000, 17.0 %), colorectal 
(231,000, 13.5 %), bladder (110,000, 6.4 %), and 
stomach (89,000, 5.2 %) cancers [1]. The inci-
dence of PCa is increasing dramatically (almost 
doubled from an age-standardized incidence of 
47.4 per 100,000 in 1995 to 93.4 per 100,000 in 
2008), especially in countries where prostate- 
specific antigen (PSA) testing of older men has 
become widespread. Mortality has, however, 
decreased in several countries, which may be 
related to improved outcome following early 
diagnosis [2]. Considering these epidemiological 

data, the diagnostic and therapeutic landscape of 
PCa is one of the most exciting areas of medical 
research in our modern age. The manner in which 
we currently diagnose and treat PCa seems to 
lead to an ever-increasing cost to the individual 
patient and to healthcare systems in general but 
with great uncertainty over the benefits.

While the incidence of PCa increased, the 
median volume of cancer in men with newly 
diagnosed PCa fell significantly [3]. These trends 
represented a classic stage migration of cancer 
associated with a new diagnostic test [3]. About 
half of newly diagnosed men are diagnosed with 
low-grade prostate cancer [3]. An emerging con-
sensus is that most men with low-risk PCa do not 
derive any meaningful benefit from radical treat-
ment and an initial conservative approach is war-
ranted. Active surveillance (AS) and organ-sparing 
focal therapy (FT) have emerged as alternative 
treatment options for men with early-stage dis-
ease and continue to be intensely investigated. In 
Europe, the largest study for AS is the Prospective 
Validation of Active Surveillance in Prostate 
Cancer (PRIAS) study [4]. In the PRIAS cohort, 
more than 4500 men undergoing AS since 2009 
have been followed up [5].

Focal therapy may possibly be offered to men 
with PCa within the lower ranges of intermediate- 
risk cancers. It has been emerging as a promising 
management strategy that ideally targets the can-
cer area selectively while sparing the rest of the 
gland, thereby leading to fewer adverse effects 
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than radical therapies. According to proponents 
of this approach, the so-called index lesion(s) 
represents the area where structural changes of 
the prostate by the tumor material reach a level of 
significant functional and metabolic modifica-
tions that can be designed for targeted biopsies 
and FT. Therefore, an index lesion is only one 
area of clinically significant disease in a patient. 
In case of no clinically significant disease, it is 
impossible to identify an index lesion [6]. 
According to the University College London def-
inition, significant disease is “any lesion with a 
Gleason pattern of 4 and/or an estimated volume 
of 0.5 ml or greater” [6]. A maximum cancer core 
length of 6 mm or greater or a total cancer core 
length of 10 mm or greater in the transperineal 
template prostate mapping biopsy predicts a 
lesion of 0.5 ml or greater with more than 95 % 
accuracy [7]. Obviously, knowledge of the index 
lesion location is crucial to define the correct 
treatment plan. Although FT is not yet accepted 
as an alternative treatment for PCa, it has impor-
tant potential. Any man with localized PCa suit-
able for curative therapy could potentially be 
considered as suitable for some form of FT inter-
vention. Such a pragmatic approach would not 
entail a lower or upper age limit. However, FT 
has been seen by many, predominantly in the 
USA, as an alternative to AS, whereas others, 
mainly in Europe, have argued that FT should 
also be regarded as an alternative to radical thera-
pies [8]. In European urological centers, several 
ablative energies have been applied in a focal 
manner for the treatment of PCa including cryo-
therapy, high-intensity focused ultrasound 
(HIFU), laser ablation therapy, radiofrequency 
ablation, irreversible electroporation, and photo-
dynamic therapy. The optimal ablative modality 
to deliver FT is not clear. While cryoablation is 
recognized by the American Urological 
Association (AUA) guidelines as a valid method, 
the European Association of Urology (EAU) 
guidelines consider cryotherapy and HIFU as 
experimental options in the case of clinically 
localized PCa [9]. One of the primary tenets of 
surgery and medicine, referred to in the 
Hippocratic oath, is primum non nocere: First do 
no harm. It is mandatory to consider this injunc-
tion in the case of experimental therapy.

In this chapter we evaluate the role of AS and 
FT in men suffering from low-risk PCa. We 
report on different AS protocols and FT methods 
and analyze outcomes and follow-up of both 
approaches.

 Active Surveillance in Europe

 Criteria for Active Surveillance 
Inclusion

In Europe, three different protocols and programs 
are used to include patients into AS [4, 10, 11]. 
All protocols established criteria combining 
biopsy data (Gleason score [GS]) with clinical 
data to identify potentially low-risk tumors. 
According to the Epstein criteria, characteristics 
of “insignificance” incorporate clinical stage T1, 
Gleason pattern 3 in the biopsy specimen (no 
Gleason pattern 4), and either (1) prostate- 
specific antigen (PSA) density of 0.1 ng/ml/g, 2 
or fewer positive biopsy cores (minimum of 6 
cores taken), and no cores with >50 % involve-
ment or (2) PSA density of 0.15 ng/ml/g and can-
cer <3 mm in only 1 biopsy core (minimum of 6 
cores taken) [12, 13]. Based on the Epstein crite-
ria, protocols incorporate Gleason grade ≤3+3 
PCa, low clinical stage ≤cT2a, and low PSA val-
ues (<10 ng/ml) with biopsy-driven tumor vol-
ume estimates to select patients for AS eligibility 
[4, 10]. The use of more stringent criteria for 
entry will limit the number of men offered AS, 
and it remains debatable whether the most “con-
servative” selection criteria are optimal [14]. As 
most protocols limit AS to men with low-risk 
PCa, extending AS criteria under adherence to 
strict follow-up criteria might be debatable 
[15–17].

The most frequently used protocol is the 
PRIAS [4]. The PRIAS study was conducted 
from the European Randomized Study of 
Screening for Prostate Cancer (ERSPC) trial and 
initiated in 2009 [4]. Eligible patients had clinical 
stage T1/T2a PCa, prostate-specific antigen 
≤10 ng/ml, PSA density <0.2 ng/ml/ml, 1 or 2 
positive biopsy cores, and GS ≤ 6 [4]. Until 2015, 
a total of 4547 men with low-risk prostate cancer 
on AS were included and prospectively followed 
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[5]. Another protocol that is less strict histologi-
cally is the Royal Marsden Hospital protocol 
[10]. Eligible patients include those who have a 
clinical stage of T1/T2a, PSA ≤ 15 ng/ml, 
GS ≤ 3+4, and total number of involved cores 
≤50 % [10]. The Göteborg randomized screening 
trial analyzed 341 men with very-low-risk and 
low-risk PCa according to Epstein criteria as well 
as 92 men with intermediate-risk and 6 men with 
high-risk PCa undergoing AS [11]. Follow-up 
included PSA monitoring every 3–6 months [11]. 
Rebiopsies were not regulated but were recom-
mended at signs of PSA or T-stage progression; 
patients with stable disease were also recom-
mended for rebiopsy typically every second to 
third year, but this referral depended on initial 
biopsy outcome, patient age, comorbidity, and 
preferences [11].

 Repeat Prostate Biopsy Under Active 
Surveillance

Repeat prostate biopsies over time have been 
incorporated into most surveillance protocols [4, 
10, 11]. As Gleason grade remains one of the 
most important predictors of prognosis for men 
with PCa, it is crucial to identify higher-grade 
disease that may not be best managed expectantly 
[14]. It has been recognized that many men 
undergoing immediate RP after cancer diagnosis 
are found to have higher-grade disease than 
known preoperatively [18, 19]. This risk of clini-
cal undergrading with a 12-core biopsy is esti-
mated to be 20–50 % [18–20]. Biopsy technique 
can affect both overall and clinically significant 
PCa detection [21–23].

It is unknown whether changes in histology 
over time represent tumor dedifferentiation and 
growth or simply tissue undersampling; however, 
it is likely a combination of the two [14, 24]. 
Serial prostate biopsy might identify both situa-
tions, with the early “confirmatory” and improved 
(magnetic resonance imaging [MRI]-targeted) 
biopsy minimizing the risk of undersampling [23, 
25–27]. Within the PRIAS cohort, 79 % of men 
had either no PCa detected or PCa still meeting all 
AS criteria after confirmatory biopsy [28]. Nine 
percent of men had higher Gleason grade disease, 

while 17 % had higher-volume disease [28]. 
Overall, 21 % had adverse pathologic features 
after the first rebiopsy, rendering AS ineligibility 
[28]. Interim analyses of the PRIAS cohort 
showed that more positive cores at initial diagno-
sis (2 cores vs 1 core) and also at repeat biopsy 
were associated with higher grade or higher can-
cer volume at repeat biopsy and AS disqualifica-
tion [5, 28]. Regarding the time interval between 
repeat biopsies, the PRIAS protocol recommends 
them at 1, 4, and 7 years after initial biopsy [4]. At 
the moment, no study available can demonstrate 
that repeat biopsies might be avoided. In particu-
lar, no robust data are available to support the use 
of MRI in place of repeat biopsy to detect pro-
gression over time [29]. The future role of MRI in 
selection of patients for repeat surveillance biopsy 
is discussed in Chap. 13.

 The Role of Prostate-Specific Antigen 
and Serum Biomarkers

Bokhorst et al. focused on PSA, PSA density, and 
the PSA doubling time (PSA-DT) to determine 
upgrading from AS within the PRIAS trial [5]. 
They analyzed that the PSA doubling time (DT) 
at least once from 3 to 10 years (p = 0.039) as 
well as from 0 to 3 years (p < 0.001) were signifi-
cant predictors of upgrading (Gleason >6 and/or 
2 cores positive) [5]. In contrast, PSA-DT 
>10 years, PSA density at diagnosis, and PSA 
level at first or second repeat biopsy were not sta-
tistically significant predictors of upgrading [5].

Data from the Royal Marsden cohort suggest 
that PSA velocity (PSAV) may be more predic-
tive than PSA-DT, showing that a PSAV >2.0 ng/
ml/year was significantly associated with Gleason 
grade change from 3+3 to ≥3+4, more than half 
of the cores being positive for PCa or primary 
Gleason grade 4 [16].

When interpreting these data, it is important 
to consider the indications for repeat biopsy in 
the differing studies, as ascertainment bias can 
lead to stronger associations if men with rising 
PSA values were more likely to undergo fre-
quent biopsy [14]. In fact, PSA changes are 
unlikely to justify treatment in isolation but may 
prompt an earlier repeat biopsy [14]. However, a 
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lack of histology progression with rising PSA 
may prompt intervention [14].

The discussion of the predictive value of PSA, 
PSA-DT, and PSAV leads to increasing interest 
in analyzing other serum markers and PSA iso-
forms to gain accuracy.

Tosoian et al. retrospectively related PSA iso-
forms to unfavorable findings (GS ≥7, 3 or more 
cores, >50 % involvement) on annual biopsy in 
AS patients (n = 167) [30]. In serum, free (fPSA) 
and bound forms of PSA as well as different PSA 
protein isoforms can be found. Biopsy reclassifi-
cation was associated with baseline and longitudi-
nally measured ratio of fPSA to total PSA (tPSA, 
%fPSA) and the Prostate Health Index (PHI) [31], 
defined as

 ([ 2]proPSA/free PSA)  PSA- ´Ö  

The mean baseline PHI for patients with and 
without biopsy reclassification was 37.45 versus 
27.99 (p = 0.0002) [31]. In addition, Makarov 
et al. assessed PSA isoforms in serum and also in 
PCa and adjacent tissue areas with quantitative 
immunohistochemistry (n = 71) [32]. The results 
were analyzed with respect to unfavorable repeat 
biopsy findings during AS (GS ≥7, 3, or more 
cores, >50 % involvement) [32]. The ratio of 
[−2]proPSA to %fPSA in serum at diagnosis was 
higher in men developing unfavorable repeat 
biopsy [32]. The mean ratio of [−2]proPSA to 
%fPSA for favorable versus unfavorable repeat 
biopsy outcomes was 0.65 versus 0.87 (p = 0.02), 
respectively [32].

Two studies retrospectively focused on the 
value of fPSA in AS patients. Van As et al. found 
that T-stage and %fPSA remained significant pre-
dictors of transition to radical treatment during 
AS (n = 326) [10]. Classifying patients into 
groups using the median values as a threshold, 
patients with both favorable PSA and %fPSA, 1 
favorable or both unfavorable, had an active treat-
ment rate at 3 years of 0 %, 27 %, and 55 %, and 
histologic progression rates of 0 %, 28 %, and 
35 %, respectively [10]. Receiver operating char-
acteristic (ROC) for %fPSA as a predictor of 
radical treatment within 2 years was 0.83 [10]. 

Khan et al. found that besides tPSA and gland 
volume, %fPSA at diagnosis predicted unfavor-
able findings at repeat biopsy [33]. The diagnos-
tic accuracy of combined variables ranged from 
75 % to 84 %, and the area under the ROC curve 
was 0.83 [33].

Castro et al. recently investigated the associa-
tion of germline BRCA1 and BRCA2 mutations 
with tumor features and outcomes in 2019 
patients (18 BRCA1 carriers, 61 BRCA2 carri-
ers, and 1940 noncarriers) with localized PCa 
[34]. PCa with germline BRCA1/2 mutations 
were more frequently associated with GS ≥ 8 
(p = 0.0003), T3/T4 stage (p = 0.003), nodal 
involvement (p = 0.00005), and metastases at 
diagnosis (p = 0.005) than PCa in noncarriers 
[34]. For localized PCa, a 5-year cause-specific 
survival was significantly higher in noncarriers 
[34]. In conclusion, BRCA1/2 mutations confer a 
more aggressive PCa phenotype with a higher 
probability of nodal involvement and distant 
metastasis [34].

Within the IMPACT trial, Bancroft et al. ana-
lyzed data from 2481 men and found that the posi-
tive predictive value for biopsy using a PSA 
threshold of 3.0 ng/ml in BRCA2 mutation carriers 
was 48 %—double the positive predictive value 
reported in population screening studies [35]. To 
predict more aggressive and unfavorable PCa in 
the future, analyzing BRCA1/2 mutation carriers 
might be of gaining interest also in patients, in 
whom a GS 3+3 PCa was detected within biopsy 
and who might be appropriate for AS.

Klein et al. analyzed a 17-gene genomic clas-
sifier to predict PCa aggressiveness [36]. They 
analyzed 732 genes and found 288 that predicted 
clinical recurrence (defining aggressive PCa), 
GS, and clinical stage. Furthermore, 198 genes 
were predictive for aggressive disease. Eventually, 
17 of the identified genes representing multiple 
biological pathways were combined into a 
genomic classifier algorithm. In a validation 
cohort, the genomic classifier predicted high- 
grade and high-stage at surgical pathology. After 
controlling for established clinical factors—for 
example, adjustment for the Cancer of the 
Prostate Risk Assessment (CAPRA) score—the 
classifier predicted high-grade and/or high-stage 
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disease [36]. They concluded that genes repre-
senting multiple biological pathways discrimi-
nate PCa aggressiveness in biopsy tissue despite 
tumor heterogeneity and multifocality. The 
biopsy-based 17-gene genomic classifier 
improves prediction of presence or absence of 
adverse pathology and may help men with PCa 
make more informed decisions between AS and 
immediate treatment [36].

 Urinary and Tissue Markers

At the moment, no consensus exists regarding the 
optimal follow-up and dynamic progression cri-
teria for AS [37]. Thus, novel biomarkers are 
gaining interest by potentially improving the pre-
diction of tumor volume, tumor grade, and the 
natural history of PCa [38].

In this context, Berg et al. hypothesized that 
tissue biomarkers, in particular the gene fusion 
between TMPRSS2 and ERG, might improve 
individualized treatment regimens [39]. The gene 
fusion between TMPRSS2 and ERG, a conse-
quence of chromosomal rearrangement or inter-
stitial deletion, was identified as a common 
genetic alteration in PCa occurring in 40–70 % of 
tumors [40]. Consequently, ERG becomes andro-
gen regulated and overexpressed in TMPRSS2- 
ERG- positive tumors [39]. TMPRSS2-ERG 
fusion is associated with an increased risk of 
PCa-specific death for patients managed conser-
vatively and with higher tumor volume, stage, 
and grade [41–43]. Berg et al. retrospectively 
analyzed 265 ERG-positive and ERG-negative 
patients under AS. In a risk model, the ERG- 
positive group showed significantly higher inci-
dences of overall AS progression (p < 0.0001), 
PSA progression (p < 0.0001), and histopatho-
logic progression (p < 0.0001) [39]. The cumula-
tive incidence in a 2-year follow-up of overall AS 
progression was 21.7 % in the ERG-negative 
group compared with 58.6 % in the ERG-positive 
group [39]. In addition, ERG positivity was a 
significant predictor of overall AS progression in 
multiple Cox regression (hazard ratio, 2.45; 
p < 0.0001) [39].

Ploussard et al. retrospectively tested the per-
formance of PCA3 in 106 patients with low-risk 
PCa who underwent RP [44]. A PCA3 score 
threshold of 25 was significantly associated with 
tumor volume and improved on the predictive 
value of biopsy criteria (odds ratio for volume 
>0.5 ml was 3.19) [44]. Only 28 % of patients 
had a PCA3 score <25 [44].

However, van den Bergh et al. concluded that 
the value of PCA3 score seems limited due to the 
lack of a consistent association with disease stage 
or GS [38]. Only a minority of patients have the 
low PCA3 scores that show the best predictive 
accuracy [38]. If surveillance were restricted to 
those with such a low PCA3 score, many patients 
would be excluded from AS who may have in 
fact been suitable [38].

 The Role of Imaging Utility of MRI 
and Targeted Biopsies Among Men 
Under Active Surveillance

Accurate risk stratification of patients undergo-
ing active surveillance (AS) versus active treat-
ment is crucial for a sound AS program with high 
patient safety and to reduce potential morbidities 
associated with radical treatment [45]. The most 
criticized part of AS is its dependence on the ini-
tial biopsy quality, since the GS of a high number 
of PCa is following RP [46, 47].

Accurate and safe stratification means to cor-
rectly rule in low-risk disease on the one hand 
and to rule out significant PCa on the other hand. 
With regard to AS candidacy, Vargas et al. dem-
onstrated that multiparametric magnetic reso-
nance imaging (mpMRI) can predict upstaging in 
rebiopsies of AS patients in up to 98 % [48, 49]. 
Similarly, the utility of MRI/transrectal ultra-
sound (TRUS)-fusion biopsies in AS cohorts has 
been demonstrated with encouraging results. Hu 
et al. have shown an upgrading in GS, core 
involvement, and targeted biopsy (TB) of 36 % 
compared to 12-core TRUS biopsy [50]. Best 
detection accuracy was demonstrated for the 
combination of targeted biopsy and systematic 
biopsy (SB), as TB alone led to underdetection of 
10 % of significant PCa [50]. Radtke et al. 
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focused on the probability to stay on AS for men 
initially diagnosed by mpMRI and MRI/TRUS 
fusion biopsy compared to men, whose AS eligi-
bility was confirmed based on a conventional 
12-core TRUS biopsy [20]. They found a statisti-
cally significant higher probability to stay under 
AS for men whose eligibility was based on MRI/
TRUS fusion biopsy over a period of 2 years of 
follow-up [20]. In addition, when AS was based 
or confirmed by MRI/TRUS fusion biopsy, only 
biopsying men, whose MRI showed Prostate 
Imaging Reporting and Data System (PI-RADS) 
score progression on the follow-up MRI, would 
not lead to miss AS disqualification [20].

A recently published systematic review 
focused on mpMRI in AS [29]. Schoots et al. 
found an overall reclassification rate of 33 % 
according to PRIAS criteria when TB are used 
after initial SB [29]. In AS follow-up, mpMRI 
using PI-RADS scoring has the potential to rule 
out significant PCa. Mullins et al., Vargas et al., 
and Da Rosa et al. showed a negative predictive 
value (NPV) of above 90 % for a pristine MRI to 
rule out significant PCa [48, 51, 52].

Going more into functional sequences (diffu-
sion weight imaging [DWI] and apparent diffusion 
coefficient [ADC] maps on mpMRI), Van As et al. 
analyzed the ADC values of MRI lesions corre-
sponding with positive biopsy in the same prostate 
region (n = 86) [53]. ADC was significantly related 
to adverse pathology on repeat biopsy, with area 
under the receiver operating characteristic (ROC) 
of 0.83 [53]. Interestingly, among those patients 
with a favorable ADC, none had adverse pathol-
ogy at repeat biopsy, also suggesting that repeat 
biopsy might be unnecessary in men with a 
favorable MRI [53]. Somford et al. performed 
3-T mpMRI with endorectal coil (including 
T2-weighted and DW images) in patients included 
in an AS protocol (n = 54) [54]. At least one suspi-
cious region (two in most patients) was identified 
in 98 % of patients and biopsied [54]. Mean ADC 
was different between MRI-guided biopsies that 
showed no PCa (1.26), low-grade PCa (1.09), and 
high-grade PCa (0.84) [54].

In total, Schoots et al. concluded that MRI can 
detect clinically significant disease in one-third 

to half of men at the start of surveillance and in 
the follow-up course [29]. However, at the 
moment no robust data are available to support 
the use of MRI in place of repeat biopsy to detect 
progression over time [29]. In addition, Recabal 
et al. and Radtke et al. recently analyzed the 
potential of MRI-targeted biopsies compared to 
conventional 12-core TRUS and 24-core trans-
perineal SB [20, 55]. Both described higher 
detection rates of pathological GS upgrading for 
MRI-targeted biopsies [20, 55]. However, at the 
moment, systematic biopsies cannot be omitted, 
due to a significant number of cores harboring 
unfavorable GS [20]. Van den Bergh et al. sum-
marized in a systematic review that many studies 
are available on the value of MRI within AS, 
although none use MRI as an indication for treat-
ment [38]. Multiparametric MRI generally shows 
a very high NPV for the intermediate end point of 
disease upgrading [38]. They concluded that 
favorable MRI findings on a good-quality 
mpMRI may therefore be used for selection and 
follow-up of patients during AS and might obvi-
ate the need for repeat biopsies in the future [38]. 
However, MRI was thought to be less useful after 
extensive biopsy protocols [38].

 Expanding the Criteria of Active 
Surveillance

As one of the most conservative and secure AS 
protocols, the widespread use of the European 
PRIAS protocol has strict inclusion criteria for 
patients eligible for AS. It has become important 
to identify criteria to possibly expand the group 
of patients, who can be offered AS [14]. However, 
in order to expand the criteria of AS, both patient 
factors and tumor characteristics have to be taken 
into account [14]. Several studies have reported 
men with GS 7 PCa on AS, otherwise meeting 
AS criteria based on stage, PSA, and tumor vol-
ume estimates [5, 15, 56]. Van den Bergh et al. 
analyzed a cohort with GS 7 PCa with a median 
follow-up of 3.4 years and reported a 100 % PCa- 
specific and 68 % all-cause 6-year survival in 21 
men [56]. In a multi-institutional trial, analyzing 
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2323 men with localized GS 3+4 PCa that subse-
quently underwent RP, Ploussard et al. reported 
that 46 % had unfavorable disease (upstaging or 
upgrading or both) [15]. However, only 19 % of 
patients without any risk factors (PSA up to 
10 ng/ml, PSA density up to 0.15 ng/ml/g, T1c up 
to 2 positive cores) had unfavorable disease [15]. 
In contrast, Bokhorst et al. recently found that 
patients who continued AS with a GS >3+3 on 
the repeat biopsy had a 3.6-fold higher risk of 
unfavorable disease and consequently AS dis-
qualification in the further follow-up [5]. 
Godtman et al. evaluated men within the Göteborg 
Randomized, Population-based Prostate Cancer 
Screening Trial and reported that those with 
intermediate-risk PCa on AS have a significant 
3.7-fold higher risk of AS failure compared to 
men with very low-risk PCa [11].

In conclusion, expanding AS criteria to 
Gleason score 3+4 disease is controversial. 
Ploussard et al. conclude that expanding AS eli-
gibility to patients with Gleason score 3+4 PCa 
might be acceptable, as long as there is adherence 
to strict selection criteria [15]. In contrast, the 
PRIAS and Göteborg Randomized, Population- 
based Prostate Cancer Screening Trial data sug-
gest that AS should primarily be reserved for 
men with low-risk disease [5, 11]. In addition, 
Godtman et al. suggest that patients with 
intermediate- risk PCa should be carefully 
informed that delaying radical treatment is asso-
ciated with a higher risk of developing incurable 
disease [11]. Dell’Era et al. and Ploussard et al. 
both conclude that future advances in mpMRI 
and biomarker discovery might allow inclusion 
criteria for AS to expand [14, 15].

 Patient and Urologist Compliance 
on Active Surveillance

AS is a treatment option that aims to reduce the 
negative side effects of radical treatment while 
retaining the option for curative treatment, 
involving strict follow-up and only offering treat-
ment to men who show signs of disease progres-
sion or reclassification [5]. However, optimal 
criteria for inclusion, exclusion, and follow-up 
are still discussed. Most protocols include criteria 

based on a combination of PSA tests, digital rec-
tal examination, and repeated biopsies in order to 
define eligibility of patients and disease reclassi-
fication [57]. However, some men and their phy-
sicians might choose to deviate from these strict 
protocols, ignoring either the follow-up schedule 
or the advice to switch to curative treatment [5]. 
Bokhorst et al. studied compliance rates in the 
PRIAS protocol and found that protocol devia-
tions occur especially in men who require yearly 
repeat biopsies due to fast-rising PSA [5]. In fact, 
in years 2 and 3 after diagnosis, approximately 
30 % of men with a repeat biopsy because of 
PSA-DT between 3 and 10 years were upgraded 
[5]. Men who ignored the biopsy advice in year 2 
or 3 seemed to have a similar rate of upgrading 
on biopsy in year 4 [5]. This indicates that 
upgrading is delayed by 1–2 years for 10–15 % 
of men ignoring the recommendation to have a 
repeat biopsy on the basis of PSA kinetics [5]. 
Despite the higher risk, which was reported 
before, many men do not have yearly biopsies 
[61]. Secondly, PSA kinetics such as PSA-DT 
were also regularly ignored as a recommendation 
to discontinue AS [5].

Bokhorst et al. also observed a decreased per-
centage of men receiving the standard repeat 
biopsies over time, from 81 % in year 1 to 60 % in 
year 4, 53 % in year 7, and 33 % at 10 years after 
diagnosis [5]. Compared to PSA testing, biopsies 
are considered uncomfortable. In addition, sev-
eral complications are recorded, such as pain, 
hematuria, and even sepsis [58]. These complica-
tions will result in some men declining repeat 
biopsies [59]. However, in recent published 
results of the 1164 men within the PRIAS study, 
the infection rate was low (2.5 %) and only 1 of 5 
men reported any form of complication [60]. The 
authors found no evidence that repeated prostate 
biopsies in itself pose a risk of infection [60].

Bokhorst et al. concluded that the develop-
ment of follow-up schedules that are acceptable 
to those who follow them is crucial [5]. Less 
harmful ways of monitoring tumor progression, 
such as MRI, might be incorporated in the proto-
col design to improve compliance [5, 62]. In the 
PRIAS study, a side study was initiated to inves-
tigate if replacing yearly biopsies in men with 
fast-rising PSA by MRI with targeted biopsies in 
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the case of visible tumor progression could sub-
stantially reduce the number of biopsies (proto-
col available on www.prias-project.org) [5].

The quality of life for patients undergoing AS 
was studied in a European meta-analysis by 
Bellardita et al. [63]. High overall health-related 
quality of life (HRQoL) scores were reported in 
70 % of the included AS studies, thus indicating 
good QoL [63]. No major differences were 
observed between the HRQoL scores of AS 
patients and their comparison groups [63]. There 
were also no major changes in HRQoL after 9 or 
12 months on AS in two PRIAS cohorts [64, 65]. 
Finnish men in the PRIAS also reported higher 
scores than a sample population at baseline and 
follow-up assessments, which the authors sug-
gested may result from men with favorable psy-
chological characteristics choosing AS [65]. 
Vanagas et al. highlighted that men on AS 
reported significantly better HRQoL than men 
who underwent radical treatment in both func-
tional and symptom scales [66].

Another issue is AS acceptance not only in 
university medical centers but also the wide-
spread use in private practices. A German study 
analyzed 361 AS patients who were managed in 
an AS protocol by private practitioners [67]. The 
authors reported that only 15 % of all patients 
with localized PCa were treated with AS [67]. At 
baseline, 58 % of all AS patients met the PRIAS 
low-risk criteria [67]. After a median follow-up 
of 24 months, no systemic progression was 
observed, five patients died of non-disease- 
specific causes, and active treatment was deliv-
ered in 20.5 % of all patients [67]. Triggers for 
active therapy were progression at biopsy (42 %), 
rise in prostate-specific antigen level (27 %), 
medical advice (16 %), and patient’s preference 
(10 %), respectively [67].

 Focal Therapy in Europe

 Definition, Possibilities, and Limits 
of Focal Therapy

FT is a tissue-preserving strategy with the aim to 
target the cancer and not the whole organ, reduc-
ing damage to collateral tissues. Therefore, any 

approach able to preserve part of prostatic tissue 
can be considered FT. According to it, target 
regions to treat with FT may include index lesion 
target ablation (a biopsy-confirmed cancer with a 
concordant radiographic lesion), hemi-ablation 
(one side of the prostate), hockey-stick ablation 
or three-quarter ablation (one side and a portion 
of the contralateral, considered an extended 
hemi-ablation), and multifocal ablation (when 
multifocal disease is present) [68, 69]. In Fig. 5.1 
hemi-ablation using cryotherapy is shown.

The potential advantages of FT include (1) 
treatment of PCa with non-inferior rates of can-
cer progression or metastases risk compared to 
radical treatment (surgery or radiation), (2) 
reducing treatment-related morbidity, and (3) 
possibility to re-treat the prostate with focal or 
whole-gland treatment [70]. Despite these con-
ceptually rational advantages, the main concern 
is the potential inadequate cancer control com-
pared with whole-gland treatment. In fact, the 
limits of FT procedures are related to the possi-
bility of inappropriate patient selection, inaccu-
rate or incomplete tumor characterization 
(clinical staging, mapping, imaging), and subop-
timal cancer ablation [70].

 Risk Stratification System

A risk stratification model based on both volume 
and grade has recently been proposed [3]. This 
risk stratification system is exhaustive and is dis-
played as a traffic light system. Green indicates 
disease considered inconsequential, limited to 
small foci exclusively of Gleason pattern 3. 
Yellow represents a tumor focus with a volume 
greater than 0.2 cc but less than 0.5 cc as pre-
dicted by a maximum cancer core length of 
≥4 mm. Alternatively, any secondary Gleason 
pattern 4 in a lower burden of cancer would trig-
ger a “yellow” disease status, which is typically 
indeterminate. It is difficult to predict the out-
come of this level of disease: These small lesions 
with a small component of secondary Gleason 
pattern 4 probably confer a very low risk of PCa- 
associated death if untreated. Therefore, in the 
older man or in the presence of comorbidities, 
observation may be considered. In young men, 
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however, the potential benefits of treatment of 
these lesions must be taken into account. Red 
indicates a PCa that has a volume of at least 
0.5 cc or is characterized by dominant Gleason 
pattern 4. The volume is derived from the pres-
ence of maximum cancer core lengths ≥6 mm. 
According to the data from the European Prostate 
Cancer Screening Study, tumor volumes below 
1.3 cc and with a Gleason pattern 3 are clinically 
insignificant [7].

 Inclusion and Exclusion Criteria 
for Focal Therapy

In Europe, no consensus exists on the ideal can-
didate for primary FT, despite several proposed 

consensus statements. Obviously, this reflects 
different European schools of thought about the 
role of FT in PCa. According to the International 
Multidisciplinary Consensus on FT in PCa, the 
percentage of positive samples should be taken 
into account when selecting patients [68]. Tumors 
with a GS 3+3 are eligible, containing at least 1 
core with the presence of a substantial amount of 
cancer. FT should preferably not be offered to 
patients with clinically insignificant disease in 
whom FT could be considered overtreatment. 
Patients with a GS 3+4 locally confined to the 
prostate may also be considered as candidates for 
FT. For patient selection, nomograms may be 
used to minimize inclusion of patients with nodal 
disease, especially in patients with intermediate 
disease [71].

Fig. 5.1 Hemi-ablation using cryotherapy at Fundaciò 
Puigvert (Barcelona, Spain). (a) Needle placement in 
perineal area. (b) Needles during freezing cycle. (c) 

Monitor of temperature control. (d) Typical anechoic 
ultrasound image of hemi-ablation with cryotherapy
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Regarding the age of the patients, an interna-
tional consensus meeting of experts was con-
vened to provide guidance on patient eligibility 
[69]. It was agreed that age should not be a pri-
mary determinant of eligibility for FT, although 
the panel was uncertain whether FT should be 
recommended for patients <40 or >80 years old. 
The panel was also asked to evaluate criteria 
other than age for selection of patients for FT. 
The panel agreed that patients with a World 
Health Organization performance status of 0 or 1 
should be recommended for FT, while patients 
with a performance status of 3 or 4 should not 
[72]. There was uncertainty about the role of FT 
in patients with a performance status of 2. The 
group agreed that FT is best suited to patients 
with a life expectancy of >10 years and that it 
should not be applied in patients with a life 
expectancy of <5 years. While it is in general 
considered that there is no upper prostate volume 
limit for FT, focal use of HIFU is recommended 
only in patients with a prostate volume of up to 
40 ml [73]. The consensus meeting panelists also 
agreed that 5-alpha-reductase inhibitors need not 
be stopped before a patient enters an FT trial 
[69]. Finally, it is not mandatory for MRI to dis-
play lesions concordant with biopsy before a 
patient is treated by FT. Renal failure, history of 
acute or chronic prostatitis, significant erectile 
dysfunction, and urinary incontinence are con-
sidered exclusion criteria. Exclusion of individ-
ual patients should be based on good clinical 
judgment, taking into consideration all comor-
bidities and performance status.

 Oncological Outcomes

In European urological experience, a source of 
significant debate is how to assess the oncologi-
cal success or failure of FT [74]. Established PSA 
follow-up criteria for whole-gland treatments, 
such as ASTRO, Phoenix, and the Stuttgart crite-
ria, are difficult to apply following FT. PSA 
kinetics and PSA nadir may, however, play a role 
as PSA secretion from the healthy prostatic tis-
sue, as shown by Ahmed et al. who reported an 
80 % decrease in PSA at 3 months after focal 

HIFU, which remained stable at 12 months [75]. 
Also PSA density may play a determinant role. 
According to Stamey et al., who were the first to 
correlate PSA serum values and volume of pros-
tatic tissue, PSA density may therefore be a good 
measure as it will allow for adjustment for resid-
ual tissue volume after FT [76].

Biopsies should be used to determine absence 
of disease in the treated areas, in order to verify 
FT success as well as untreated areas to detect 
recurrent and/or de novo disease. The key deter-
mination will be whether recurrence or de novo 
cancer found after FT is clinically significant to 
require further treatment [77]. According to an 
international consensus project, follow-up to 
focal therapy should include the performance of 
12-core systematic TRUS biopsy combined with 
4–6 target biopsy cores of the treated area and 
any suspicious lesion(s) after 1 year and subse-
quently only in case of suspicious imaging of 
PCa [78].

Multiparametric MRI seems to be the ideal 
imaging evaluation for detection of clinically sig-
nificant cancer, thus potentially being used to 
drive the delivery of FT, demonstrating an accu-
racy of more than 85 % to 90 % for lesions that 
measure 0.2 or 0.5 cc in volume [79, 80]. 
Therefore, in medium- to long-term, surveillance 
MRI could be of significant help in detecting 
recurrence of clinically significant cancer. A neg-
ative MRI would imply absence of clinically sig-
nificant disease that requires no treatment [80].

There have been several reports in the litera-
ture on the oncological efficacy of FT with differ-
ent technologies. Cryotherapy and HIFU seem to 
be the two most used approaches in Europe [68].

Ward and Jones reported the results of about 
1160 men treated with focal cryoablation [81]. The 
3-year biochemical disease-free survival was at 
75.7 % with a posttreatment positive biopsy rate of 
26.3 % (considering only the patients who under-
went biopsy due to biochemical failure) [81].

Barret et al. enrolled, in a prospective manner, 
106 patients to undergo prostate hemi-ablation 
for unilateral PCa using different approaches: 
cryotherapy in 50, vascular-targeted photody-
namic therapy in 23, HIFU in 21, and focal 
brachytherapy (iodine 125) in 12 cases [82]. 
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The treatment modality was chosen depending 
on the patients’ characteristics (cryotherapy and 
HIFU were used for smaller prostates and periph-
eral tumors; vascular-targeted photodynamic 
therapy was used for larger prostates). The 
median PSA level was 6.1 ng/ml and all the 
patients had a biopsy GS of 6 (3+3). At 3, 6, and 
12 months after treatment, the median PSA was 
3.1, 2.9, and 2.7 ng/ml, respectively [82]. This 
French pilot study showed encouraging results in 
terms of oncological outcomes [82].

HIFU relies on the focused conglomeration of 
ultrasound waves on a specific prostate point, 
leading to elevated temperatures (60–100 °C), 
protein denaturation, and coagulative necrosis 
[83]. Ahmed et al. reported oncological data for 
20 men who underwent HIFU hemi-ablation 
[75]. Mean PSA decreased 80 % to 1.5 ng/ml at 
12 months. In the 89 % of the men, there was no 
histological evidence of recurrence. Preliminary 
European data suggests, also, that contrast- 
enhanced ultrasound can reliably show, immedi-
ately after HIFU ablation, the location and 
amount of tissue that has not been destroyed after 
a first session of HIFU [84]. These results could 
allow immediate re-treatment of the incompletely 
destroyed areas after HIFU treatment.

Vascular-targeted photodynamic therapy uses 
the combination of a photosensitizing drug and 
light to damage target tissue. Generally, the pho-
tosensitizing agent is previous intravenous 
administered followed by irradiation of light at 
the target area at a wavelength that is absorbed by 
photosensitizer agent. In the gland, the photosen-
sitizer generates reactive oxygen species result-
ing in vessel thrombosis of the treated area [85]. 
TOOKAD® Soluble (Steba Biotech, Luxembourg) 
was recently introduced as a novel photosensi-
tizer with minimal extravasation from the vessels 
[86]. Azzouzi et al. evaluated the 6-month effects 
and oncological outcomes of focal vascular- 
targeted photodynamic therapy using TOOKAD® 
Soluble [87]. The treatment performed was a 
hemi-ablation in unilateral PCa or subtotal abla-
tion in case of bilateral disease. At month 6, the 
negative biopsy rate was 68.4 % in the overall 
evaluable population (N = 114) and 80.6 % for 
patients treated by hemi-ablation with light 

density index ≥1 (N = 67) [87]. Mean prostate 
necroses at week 1 were 76.5 % and 86.3 %, 
respectively. PSA levels at month 6 decreased by 
2.0 ng/ml in both groups [87].

Irreversible electroporation is a nonthermal 
energy source, used in the USA and in Europe by 
radiologists to treat liver, kidney, and pancreas 
tumors [88–90]. This novel approach leads to cell 
death by the formation of nanopores within the 
cell membrane [91]. In the European urological 
literature, there are only a few case reports of its 
use. In a study by Valerio et al., 34 patients were 
treated with a mean age of 65 years and a median 
PSA of 6.1 ng/ml [92]. The authors reported an 
ablation median volume of 12 ml, median PSA at 
month 6 of 3.4 ng/ml [92]. MRI showed suspi-
cious residual disease in six patients, of whom 4 
(17 %) underwent another local treatment [92]. 
According to these results, the authors concluded 
that it is difficult to establish rigorous oncologi-
cal outcomes.

 Functional Outcomes 
and Complications

The functional goal of FT is to minimize the 
damage to the neurovascular bundles, external 
sphincter, bladder neck, and rectum in order to 
preserve erectile potency, urinary continence, 
and rectal function [93].

Regarding the functional outcomes of focal 
cryotherapy, Ward and Jones in a series of 1160 
patients reported urinary incontinence in 1.6 %, 
new erectile dysfunction in 41.9 %, and rectoure-
thral fistula in 0.1 % of the cases [81].

Barret et al. evaluated the complications and 
morbidity in 106 patients who underwent FT for 
PCa, using hemi-ablation cryotherapy (50 
patients), vascular-targeted photodynamic ther-
apy (23 patients), hemi-ablation HIFU (21 
patients), and focal brachytherapy (12 patients) 
[82]. They showed an acceptable morbidity for 
all FT approaches. The FT-related complication 
rate was 13 % (pelvic pain, urinary retention), 
with a <2 % rate of major complications (rectal 
fistula with perineal abscess, urethral stricture). 
The authors concluded that the complication rate 
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seems acceptable compared with the high inci-
dence of complications related to radical 
treatment.

Ahmed et al. analyzed complications and 
functional outcomes in a total of 20 men (mean 
age 60.4 years) who underwent HIFU hemi- 
ablation, of whom 25 % had low-risk and 75 % 
had intermediate-risk PCa [75]. Return of erec-
tions sufficient for penetrative sex occurred in 
95 % of men (19/20); 90 % of them (18/20) were 
pad-free, leak-free continent, while 95 % were 
pad-free [75].

Yap et al. pooled the functional data from 
three prospective, registered, ethics committee- 
approved studies on the use of FT in PCa that 
were conducted in the UK between 2009 and 
2013 [94]. These three studies—a hemi-ablation 
trial, a focal lesion ablation trial, and an index 
lesion ablation trial—represent the largest set of 
prospectively collected data on erectile func-
tional outcomes after FT using HIFU [75, 94–
96]. Analysis of outcome with respect to erectile 
function showed that the proportion of men using 
phosphodiesterase-5 inhibitors was 10 % preop-
eratively, reached 43 % and 42 % at 6 and 
9 months, and declined to 37 % at 1 year [94]. 
The only baseline determinants of postoperative 
erectile function were total International Index of 
Erectile Function (IIEF) and IIEF-erectile func-
tion scores (p = 0.002) [94]. Overall, these data 
suggest that a patient with a clinically localized 
PCa and no preoperative erectile dysfunction, if 
treated with FT, would completely recover erec-
tile function 6 months after the treatment [94]. 
Gandaglia et al. observed that these excellent 
results regarding erectile dysfunction differ sub-
stantially from results observed in larger cohorts 
of men treated with surgery and radiotherapy 
[97]. This is because the favorable disease char-
acteristics (PSA ≤ 15 ng/ml, Gleason score 
≤4+3, stage ≤ T3aN0M0) reported in the article 
published by Yap et al. allowed treatment of the 
index lesion without damaging the neurovascular 
bundles (owing to maintenance of a minimum 
distance of 5 mm between the ablation zone and 
the neurovascular bundles) [94]. Recently, Van 
Velthoven et al. reported satisfactory functional 
outcomes in a prospective study on hemi-ablation 

HIFU in 50 patients with clinically localized uni-
lateral, low- to intermediate-risk PCa [98]. All of 
the patients were continent preoperatively. Seven 
patients presented with transient incontinence 
during follow-up, of whom three had persistent 
incontinence at 12 months postoperatively [98]. 
The long-term pad-free continence rate was 
94 %. Of 30 men who were sexually active pre-
operatively, 6 (20 %) developed postoperative 
erectile dysfunction [98].

Due to focal nature of target photodynamic 
therapy using TOOKAD® Soluble confined in the 
circulation system, the damage to surrounding 
tissue is really minimized. In their pooled analy-
sis of 117 patients, Azzouzi et al. reported as 
adverse events dysuria (33.3 %), perineal pain 
(15.4 %), hematuria (13.7 %), urinary retention 
(11.1 %), and urgency (9.4 %) [87]. Regarding 
postoperative erectile dysfunction, it was reported 
in 16.2 % of the patients [87]. Moreover, the 
authors underlined that data about erectile dys-
function are difficult to analyze because many 
patients were not sexually active even before FT.

Valerio et al. evaluated functional results using 
irreversible electroporation of target area on 34 
patients [92]. After a median follow-up of 
6 months, potency was preserved in 95 %; uri-
nary continence was in 100 % of cases (no pad 
usage after treatment) [92]. No rectal lesions or 
dysfunction was reported.

Therefore, these data show that the most fre-
quent complications of FT are urinary retention, 
urinary stricture, and urinary tract infection. Rectal 
toxicity is a rare complication. Furthermore, preser-
vation of sexual function and continence is a strong 
driver of patient choice regarding the treatment of 
PCa. Table 5.1 summarizes the complications and 
functional outcomes of patients undergoing FT in 
European centers [7, 82, 87, 94, 98].

 Follow-Up After Focal Therapy

Currently, there is no evidence regarding the 
optimal form of follow-up in patients who have 
undergone FT for PCa. Most European urolo-
gists have to date commonly used PSA kinetics 
criteria and biopsy, with or without imaging 
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evaluation [85]. It is important to assess the 
effectiveness of local cancer control after FT, 
bearing in mind that PSA is variable and of 
uncertain significance. Furthermore, there are no 

validated PSA criteria for measurement of fail-
ure after FT for PCa, even if the Phoenix or 
ASTRO criteria are often used [99]. Moreover, 
PSA kinetics should be interpreted with caution 

Table 5.1 Complication and functional outcomes of patients undergoing FT in European centers

Authors

Center Number 
of 
patients

Energy modality 
for FT (number of 
patients)

Complications (%) Functional outcomes

Urinary 
incontinence 
(%)

Erectile 
dysfunction (%)

Ahmed et al. 
(2011) [7]

London, 
UK

20 HIFU Urinary retention:  
0/20 (0)

Pad-free: 
19/20 (95)

Postoperative ER: 
1/20 (5)

Leak-free: 
18/20 (90)

Urinary stricture:  
1/20 (5)

UTI: 0/20 (0)

Perineal pain: NR

Rectourethral fistula: 
0/20 (0)

Barret et al. 
(2013) [82]

Paris, 
France

106 Cryotherapy (50) Urinary retention:  
9/106 (8)

Pad-free: 
106/106 (100)

NR

VTP (23)
Urethral stricture:  
1/106 (1)

HIFU (21) Leak-free: NR

Brachytherapy 
(12) UTI: 0/106 (0)

Perineal pain: 1/106 (1)

Rectourethral fistula: 
1/106 (1)

Yap et al. 
(2015) [94]

London, 
UK

118 HIFU NR NR Men using PDE5 
inhibitors:
Preoperatively: 
12/118 (10)

6 months post-FT: 
50/118 (42)

1 year post-FT: 
44/118 (37)

Van Velthoven 
et al. (2016) 
[98]

Brussels, 
Belgium

50 HIFU Urinary retention:  
4/50 (8)

Pad-free: 
47/50 (94)

Postoperative ER: 
6 (20)

UTI: 3/50 (6)

LUTS: 9/50 (18) Leak-free: NR
Urethral stricture:  
2/50 (4)

Perineal pain: NR

Rectourethral fistula: 
NR

Azzouzi et al. 
(2015) [87]

France, 
UK, 
Israel, 
USA

117 Photodynamic 
therapy using 
TOOKAD® 
Soluble

Urinary retention: 
13/117 (11.1)

NR Postoperative 
ER:19/117 (16.2)

LUTS: 39/117 (33.3)

Perineal pain: 18/117 
(15.4)

Pooled analysis 
of three phase 
II studies Hematuria: 16/117 

(13.7)

ER erectile dysfunction, FT focal therapy, HIFU high-intensity focused ultrasound, LUTS low urinary tract symptoms, 
NR not reported, UTI urinary tract infection, VTP vascular-targeted photodynamic therapy
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because these criteria have not been validated for 
FT, taking into account the fact that cell death in 
FT is different from that in radiotherapy. 
Recently, an international multidisciplinary con-
sensus meeting established that the minimum 
duration of follow-up after FT should be 5 years 
[78]. The following modalities should be 
included in assessment of posttreatment out-
comes: mpMRI, biopsies, assessment of erectile 
function, QoL, urinary symptoms, and inconti-
nence. A systematic 12-core TRUS biopsy com-
bined with 4 to 6 targeted biopsy cores of the 
treated area and any suspicious lesion(s) should 
be performed after 1 year and thereafter only 
when there is suspicion on imaging. The ideal 
way to perform targeted biopsies is to use MRI/
TRUS-fusion technology. PSA should be per-
formed for research purposes, every 3 months 
during the first year and every 6 months thereaf-
ter. Multiparametric MRI is the optimal imaging 
modality for follow- up after FT. Imaging should 
be performed at 6 months and 1 year following 
FT and then annually until 5 years after 
treatment.

 Conclusion

The increasing incidence of low- and 
intermediate- risk localized PCa indicates that 
demand for treatment interventions that are less 
aggressive than the established radical treatments 
will likely increase over the next decade in 
Europe.

AS is appropriate for most “true” low-risk 
PCa with promising long-term results regarding 
cancer-specific and overall survival. On the other 
hand, the patient is not compromised by possible 
side effects of radical treatment. Within this 
emerging field of AS, blood and urine biomark-
ers (PSA-DT, PHI, TMPRSS2 and ERG, and 
PCA3) and genomic classifiers will gain wide-
spread use and may help to refine risk stratifica-
tion of AS patients in the surveillance. In addition, 
the utility of mpMRI in AS will rapidly increase 
as well. In the future, favorable MRI findings on 
a good-quality mpMRI may be used for selection 
and follow-up of patients during AS and might 

obviate the need for repeat biopsies. However, at 
the moment, repeat biopsies are still necessary. 
Furthermore, expanding AS to patients with GS 
3+4 PCa might be possible in strict follow-up 
protocols including novel markers and MRI. 
Nonetheless, the patient has to be counseled to 
elucidate about probably increased risk of unfa-
vorable disease.

FT interventions include ablative therapy, 
which appears to be the ideal intervention because 
it actively treats cancer while being minimally 
invasive and potentially organ sparing. For pri-
mary ablative therapy, the currently available 
data are insufficiently robust to enable any defini-
tive conclusions to be drawn regarding the clini-
cal effectiveness, adverse impacts, or 
cost-effectiveness of either cryotherapy or HIFU 
in comparison with RP and external beam radio-
therapy. On the other hand, FT is associated with 
low morbidity and can be considered a noninva-
sive, reproducible, tissue-preserving technique 
with a short learning curve. Currently, several 
phase II and III trials are in process in order to 
demonstrate FT to be a viable option in localized 
PCa. These studies include AS versus FT treat-
ment using TOOKAD, HIFU versus brachyther-
apy, focal ablation versus extended ablation using 
IRE (conducted by the Clinical Research Office 
of the Endourological Society [CROES]), and 
hemi-ablation versus complete ablation using 
brachytherapy (conducted by the European 
Society for Therapeutic Radiology and Oncology 
[ESTRO]) [100]. The main focus should be on 
selecting the appropriate patients and demon-
strating benefits of FT [101]. Further studies are 
needed in order to assess oncological and func-
tional outcomes and to provide a sound basis for 
inclusion of this approach in European urology 
guidelines.
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 Introduction

Increasing recognition that a majority of 
prostate- specific antigen (PSA) screen-detected 
prostate cancers are indolent and slow growing 
has led to interest in gland-preserving strategies 
such as active surveillance (AS) and focal ther-
apy (FT), which carry less morbidity and side 
effects than conventional radical treatments. 
Focal therapy is increasingly being seen for its 
potential as an active surveillance “extender” 
by periodically eradicating foci of clinically 
significant cancer so that the patient may go 
back on surveillance for the clinically insignifi-
cant cancers. With this strategy, overtreatment, 
which is one main harm of overdiagnosis, may 
be reduced.

This strategy is highly relevant today because 
of the high prevalence of low-grade, low-stage 
cancers discovered by PSA screening. On the 
other hand, in areas where there is a low inci-
dence of screening, there may be a higher inci-
dence of high-grade and high-stage prostate 
cancers that necessitate aggressive treatment. In 
an analysis of 50,066 men diagnosed with pros-
tate cancer during an era where PSA testing was 
not widespread, investigators from the Thames 
Cancer Registry reported 20,181 deaths over an 
8-year period, among which nearly half were 
attributed to prostate cancer [1]. Gland-preserving 
approaches must thus be judiciously and selec-
tively applied with local population and patient 
characteristics in mind.

Asia, possibly derived from the Assyrian word 
asu meaning East, loosely comprises the part of 
the Eurasian continent east of an imaginary line 
following the Ural Mountains and River, the 
Black Sea with its Dardanelles and Bosporus out-
lets, the Caspian Sea, and the Caucasus 
Mountains, extending eastward to the Pacific 
Ocean, including 49 independent sovereignties 
and a heterogeneous multitude of ethnicities and 
cultures [2, 3]. In order to focus this chapter, we 
examine the present demographic trend in pros-
tate cancer and developments favorable for focal 
therapy and active surveillance of prostate can-
cer, as well as published data from East and 
Southeast Asia.

mailto:Kaejack.tay@gmail.com
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 Prostate Cancer Incidence 
and Mortality

The Globocan 2012 estimate for world pros-
tate cancer incidence was 30.6 per 100,000 
with a mortality rate of 7.8 per 100,000 [4]. In 
developed areas, the incidence rate was 68 per 
100,000 with a mortality rate of 10 per 100,000 
leading to a ratio of mortality to incidence at 
15 %. In contrast, in less developed areas, the 
ratio of mortality to incidence was 46 % (Table 
6.1). This may be attributed to less PSA test-
ing in less developed areas as well as compet-
ing causes of mortality, resulting in the detection 
of only symptomatic, advanced cases of pros-
tate cancer. An alternate explanation is that the 
less developed areas have reduced incidence of 
indolent or less aggressive prostate cancers, and 
a greater preponderance of aggressive cancers, 

though as early as 1977, a latent prostate can-
cer rate of 13–15 % was already noted in Hong 
Kong and Singapore among autopsy series [5]. 
In general, a rise in the incidence of prostate can-
cer has been observed in East and Southeast Asia 
over the last three to four decades [6]. According 
to Globocan, the mortality- to-incidence ratio 
for prostate cancer in East Asia is 30 %, and in 
Southeast Asia, it is as high as 60 % [4].

Among East and Southeast Asian countries, 
Japan, Korea, and Singapore appear to have 
mortality- to-incidence ratios similar to that of the 
West (Table 6.1). It is not clear whether these dif-
ferences from other East and Southeast Asian 
counterparts are due to increases in incidence due 
to genetic and environmental differences or sim-
ply due to an increased prevalence of PSA testing. 
Environmental factors affecting the androgen 
receptor pathway or Westernization of diets 

Table 6.1 Age-standardized incidence and mortality rates and mortality/incidence ratios of East and Southeast Asian 
countries

Population
ASR for incidence  
(per 100,000)

ASR for mortality  
(per 100,000)

Mortality/
incidence ratio

World 30.60 7.80 0.25

More developed regions 68.00 10.00 0.15

Less developed regions 14.50 6.60 0.46

Asia 9.40 3.80 0.40

Eastern Asia 10.50 3.10 0.30

China 5.30 2.50 0.47

Japan 30.40 5.00 0.16

Korea, Democratic Republic of 3.20 1.30 0.41

Korea, Republic of 30.30 4.60 0.15

Mongolia 3.40 2.10 0.62

Southeast Asia 11.20 6.70 0.60

Brunei 21.80 7.00 0.32

Cambodia 5.60 5.00 0.89

Indonesia 14.80 9.80 0.66

Lao PDR 3.50 2.70 0.77

Malaysia 10.80 4.60 0.43

Myanmar 4.30 3.40 0.79

Philippines 18.00 11.30 0.63

Singapore 33.10 4.50 0.14

Thailand 7.20 3.70 0.51

Timor-Leste 16.50 14.20 0.86

Vietnam 3.40 2.50 0.74

Adapted from Globocan 2012
ASR age-standardized rate
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resulting in obesity and the gradual loss of “cul-
tural protective factors” may also be implicit in 
these changes [7]. The observation that Asian 
immigrants to traditionally Western countries 
have been shown to have rates of prostate cancer 
nearer those of their adopted countries than their 
countries of birth lends support to this theory [8, 9]. 
In an analysis of global cancer registries, 
Bouchardy et al. observed an increasing inci-
dence of prostate cancer mortality in China, 
Hong Kong, and Korea between the 1970s and 
early 2000s [10]. Comparatively, they found 
decreasing prostate cancer mortality trends in 
countries with a high penetrance of PSA screen-
ing. While it is possible that PSA screening or 
testing had an effect on mortality rate, it is diffi-
cult to estimate the penetrance of PSA testing in 
many communities, especially in Asia.

 Prostate Cancer Screening 
and Detection

In the United States and Europe, a PSA cutoff of 
4 ng/ml has traditionally been used to define a 
“positive” screen based on the original Hybritech 
assay calibrations [11]. Subsequently, with the 
recognition that the prevalence of benign pros-
tatic hypertrophy increases with age, age-related 
cutoffs have been suggested [12]. PSA screening 
is currently opportunistic in Asia, with no estab-
lished formal screening program. In a Malaysian 
report of 83 men undergoing transrectal biopsies 
from 2002 to 2008, median PSA was 574 ng/ml 
and 63 % were already stage 4 at diagnosis [13]. 
At the same time, there is little data as to whether 
the same PSA thresholds defined in Caucasian 
populations are directly applicable in Asia. In a 
multiethnic cross-sectional study of 1054 
Malaysian men, Lim et al. reported that ethnicity 
independently influenced serum PSA level 
among Malay, Chinese, and Indians [14]. On the 
other hand, in a report from Singapore, Chia et al. 
reported that of a multiethnic group of 3486 men, 
7.1 % had a PSA >4 ng/ml with no differences 
between ethnic groups [15].

Among reported Asian series from Korea, 
Japan, Singapore, Hong Kong, and Malaysia, 

the detection rate using standard biopsy tech-
niques for a serum PSA of between 4 and 10 ng/
ml ranges from 15 % to 22 %, and that for 
serum PSA between 10 and 20 ng/ml ranges 
from 35 % to 60 % [16–21]. These series likely 
represent areas where PSA testing is more prev-
alent compared to the rest of East and Southeast 
Asia. Many of these cancers are also likely to 
be low grade. In one study of 8236 men under-
going prostate needle biopsies, Kuo et al. 
reported a threefold increase in both low-grade 
and low- volume cancers over a 10-year period 
in Taiwan [22].

 Patient Selection for Active 
Surveillance and Focal Therapy

 Cancer Characterization/Localization

Patient selection is critical in both active surveil-
lance and focal therapy. For the former, it is 
important to identify low-risk and low-volume 
intermediate-risk prostate cancer while exclud-
ing high-risk and high-volume intermediate-risk 
cancers. For the latter, it is important to localize 
cancer to a specific index lesion for the purposes 
of focal ablation. It is well recognized that stan-
dard extended transrectal ultrasound (TRUS) 
biopsy under-grades 30–50 % of prostate can-
cers [23]. Similar findings have been observed in 
series from Korea, Japan, and Singapore [24–
26]. There now exist a plethora of methods such 
as multiparametric magnetic resonance imaging 
(mpMRI), advanced biopsy techniques (map-
ping or saturation prostate biopsies), and 
genomic markers that are available to aid in 
stratification of patients to gland-conserving 
strategies or radical interventions [27].

Prostate mpMRI preferentially detects higher- 
volume and higher-grade tumors [28, 29]. 
Correspondingly, there has been significant 
research and clinical interest in the use of mpMRI 
in Asia. Kitamura et al. reported on the effective-
ness of mpMRI in characterizing prostate cancer 
in men with previous negative prostate biopsies 
[30]. Numao et al. combined extended prostate 
biopsies with diffusion-weighted MRI to achieve 
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a negative predictive value of 95.7 % for the 
absence of clinically significant prostate cancer 
in one lobe [31]. Extending this work further, the 
same group demonstrated negative and positive 
predictive values in excess of 91 % when identi-
fying prostate quadrants containing significant 
prostate cancer [32]. On the other hand, Kan 
et al. reported that T1- and T2-weighted MRI 
alone without other parameters added only mini-
mally to standard TRUS biopsy for localizing 
prostate cancers [33]. Similarly, Jeong et al. 
found that conventional MRI in addition to stan-
dard TRUS biopsy only had fair correlation with 
the laterality of prostate cancer [34]. Shoji and 
colleagues evaluated an MRI-TRUS fusion sys-
tem on 20 Japanese men with a cancer detection 
rate of 31 % with targeted biopsies versus 6.7 % 
with systematic biopsies [35].

Transperineal mapping biopsy is considered 
the most accurate method of histologically char-
acterizing prostate cancer with an accuracy of 
95 %. A group in Singapore has developed a 
novel transperineal robot capable of performing 
mapping biopsy in a dual cone distribution via 
two transperineal punctures [36]. In characteriz-
ing men with low-risk prostate cancer thought to 
be suitable for active surveillance, the detection 
rate of Gleason >6 prostate cancer achieved 
using this robot was 20.7 % [37]. When this plat-
form was used for combined MRI-targeted and 
mapping biopsy in men with low-risk prostate 
cancer about to go on active surveillance, the 
detection rate of clinically significant disease 
was 33.3 % [38].

 Shared Decision-Making in Asia

Focal therapy and active surveillance for prostate 
cancer is a relatively novel concept and goes 
against the conventional grain of a radical 
approach to cancer treatment. Together with the 
expanding array of prostate cancer treatment 
options, decision-making in prostate cancer has 
become an intricate affair. To further complicate 
matters, decision-making in an Asian context 
tends to take on cultural hues. A focused group 
discussion of Malaysian urologists, exploring 

decision-making roles in localized prostate can-
cer treatment, showed that while many providers 
still preferred a more paternalistic role, others 
believed in attempting to build a consensus with 
patients [39]. An important theme that emerged 
was the involvement of the patient’s family in 
decision-making. In a multicultural, multiracial 
survey conducted among patients in Singapore, 
two-thirds of patients, if diagnosed with cancer, 
would want their family to participate in decision- 
making [40]. Rhunke et al. found that Japanese 
physicians and patients placed far greater empha-
sis on the role of the family and physician recom-
mendations compared to physicians and patients 
from the United States, where there was a greater 
emphasis on patient autonomy and individual 
decision-making [41]. The same study reported 
that these differences, while still present, were 
less pronounced in younger patients and such 
generational changes in thinking are also being 
observed elsewhere in East Asia [42]. Physicians 
in Asia will have to take into account the balance 
between cultural traditions and generational 
changes in thinking besides the cancer itself, to 
help guide the patient to making the appropriate 
treatment choice.

 Patient Attitudes Toward Less 
Intervention in Asia

Focal therapy and/or active surveillance are strat-
egies that convert suitable prostate cancers into 
chronic disease. This departs from traditional 
treatment paradigms and may be associated with 
an increased psychological burden on patients. In 
the Prostate Research International: Active 
Surveillance (PRIAS) study, 5 % of men discon-
tinued surveillance at 18 months due to anxiety 
[43]. A neurotic personality score was associated 
with higher depression and prostate cancer- 
specific anxiety [44]. In a Malaysian study evalu-
ating 193 men who were being followed for 
prostate cancer, the prevalence of anxiety was 
25.4 %, and these men had a negatively impacted 
health-related quality of life [45]. In a study from 
Taiwan, Lin et al. reported that 31 % of men 
regretted undergoing radical prostatectomy and, 

M. Kimura et al.



79

in a later study, found that a psychological sup-
port group reduced patient uncertainty regarding 
cancer treatment and complications [46, 47].

 Active Surveillance and Focal 
Therapy in East/Southeast Asia: 
Current Practices and Outcomes

Based on published literature, Japan appears to 
have the most adoption of active surveillance 
compared to other Asian countries, with 33 insti-
tutions participating in the PRIAS study. In an 
interim report, 386 patients had been enrolled in 
PRIAS-JAPAN by the end of 2013, and of these, 
216 underwent the first year re-biopsy with a 
33.8 % reclassification rate [48]. Reasons for 
reclassification were increased core numbers 
(36 %), Gleason upgrading (25 %), or both 
(39 %). In a nationwide survey of Japanese urolo-
gists, 73 % had treated men with localized pros-
tate cancer with active surveillance [49]. Ha et al. 
reported on a Korean series of 35 men treated 
with active surveillance over 4 years, with fol-
low- up biopsies in 25 patients [50]. In all, 12 men 
underwent treatment, 5 of whom did so because 
of disease progression and 7 for anxiety. In a 
series of 108 Singaporean men with prostate can-
cer on active surveillance, 58 % remained stable 
with regard to serum PSA and biopsy findings 
[51]. However, a quarter of these men chose 
intervention despite stable disease. Overall, 
70.5 % remained treatment-free at 24 months.

Muto et al. conducted the first focal therapy 
trial in Asia in 2008, treating 70 men with hemia-
blation using high-intensity focused ultrasound 
(HIFU) and achieving a negative biopsy in 76.5 % 
at 12 months [52]. A pilot series of 13 men with 
low-risk prostate cancer undergoing MRI-guided 
HIFU was reported from Singapore in 2011 [53]. 
More recently, in a Chinese study of 41 men 
undergoing primary focal cryoablation, Lian et al. 
reported a treatment failure rate of 10 % at a mean 
follow-up of 63 months [54]. Complete conti-
nence was achieved in 97.6 % of patients and 
potency sufficient for intercourse in 76.9 %.

 Conclusion

Active surveillance is suitable for indolent pros-
tate cancer, while focal therapy may be suitable 
for more aggressive but low-volume prostate can-
cer. These strategies are applicable in a setting 
where there are high rates of early prostate cancer 
diagnosis. With the present controversy about the 
role of systematic PSA screening, PSA testing is 
likely to be patient driven and thus more likely to 
occur in populations with greater longevity and 
better healthcare, such that mortality from pros-
tate cancer becomes significant compared to 
other causes. As this scenario becomes increas-
ingly common over time in East Asia and 
Southeast Asia, the role and relevance of active 
surveillance and focal therapy in addressing pros-
tate cancer overdiagnosis and overtreatment will 
become more prominent. These treatment strate-
gies will need to be supported by dissemination 
of advanced imaging, biopsy techniques, and 
ablative technologies, as well as trained urolo-
gists and radiologists.
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 Introduction

The contemporary widespread detection of early- 
stage prostate cancer (PCa) has led to a dramatic 
shift in the treatment paradigm of localized 

disease toward nonaggressive and minimally 
invasive approaches such as active surveillance 
(AS) and focal therapy (FT) [1–3]. Quality of life 
outcomes, in particular urinary continence and 
erectile function, are particularly important to the 
relatively young cohort of men in their fifties and 
sixties who are candidates for PCa treatment. 
During the last several decades, pathologic and 
clinical studies have been done to better under-
stand the role of prostate-preserving ablative 
technologies using targeted ablation as a “male 
lumpectomy” in appropriate candidates [4–8].

The recognition of the multifocality of the 
majority of cases of PCa, likelihood of syn-
chronous cancer lesions, and lack of specific 
and sensitive imaging modalities to accurately 
identify the extent or contours of significant 
cancer foci remain major limitations to more 
broad implementation of FT [9–11]. Although, 
several recent studies based on unbiased 
genome-wide approaches demonstrated that 
anatomically distinct tumor metastases are 
derived from a single progenitor clone [12–15]. 
These data of the literature suggest that most 
commonly the driver lesion with potentially 
lethal clone is located inside of the index focus, 
which gives the bright prospects for focal abla-
tion of this focus with potentially curable 
intent. However, currently, we still lack a reli-
able diagnostic tool to rule out an existence of 
this lethal clone in secondary (satellite) 
lesion(s) in some cohort of patients.
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In this chapter we review the current literature 
on the pathologic significance of PCa including a 
number of tumors, location, aggressiveness, inva-
siveness, uni- vs. multifocality, and laterality 
along with genomic alterations. As we continue 
to understand the histologic and genomic biology 
of index and satellite lesions, we can better select 
candidates and predict those men most likely to 
benefit from an organ-preserving treatment 
approach.

 The Pathological Parameters 
Defining Clinically Significant 
Prostate Cancer and Rationale 
for Focal Therapy

An international consensus panel of experts 
recently provided guidance on patient eligibility, 
interventions, and meaningful outcome measures 
for FT in clinical practice [16]. The panel noted a 
trend toward including FT for intermediate-risk 
disease compared to previously existing 
approaches treating only men with low-risk dis-
ease. This shift is based on growing confidence in 
the technique and promising medium-term fol-
low- up results of multiple clinical trials [17–20]. 
Some critical definitions for patient selection 
were revised according to new data. For instance, 
prostate volume should no longer be a primary 
determinant of eligibility for FT. Other factors 
that require consideration include tumor grade 
and the boundaries and morphologic characteris-
tics of the lesion. Furthermore, there are limita-
tions in different ablative modalities that should 
be considered in planning focal therapy [16]. For 
example, high-intensity focused ultrasound 
(HIFU) may not have the required focal length to 
reach anterior lesions in larger glands.

 The Index Lesion as a Driver of Cancer 
Progression

There are multiple factors including multifocality 
and varied histological, genomic, and molecular 
abnormalities that determine whether PCa will 
behave in an indolent or aggressive fashion. More 

than 80 % of prostatectomy specimens contain 
more than one disease focus [21, 22]. The index 
tumor, or dominant lesion, is defined as the larg-
est volume lesion and presumed to be the main 
determinant for tumor progression and progno-
sis. Unifocal cancer has been identified in 
13–33 % of radical prostatectomy (RP) speci-
mens, and is generally associated with lower 
grade, stage, and recurrence rates than multifocal 
cancers [23–26]. In a review by Mouraviev et al., 
histologic features of the index lesion were linked 
to prostate cancer follow-up and generally were 
the main determinant of prognosis [4]. Karavitakis 
et al. reported that the largest lesion usually con-
tains the worst histologic features on radical 
prostatectomy specimen [27]. This was con-
firmed by Huang et al. who analyzed 201 speci-
mens and noted that the largest tumor volume, 
highest Gleason score (GS) and extraprostatic 
extension (if present) occurred within the same 
lesion in 88.7 % of cases with multifocal disease 
[28].

In the index lesion hypothesis, the satellite 
lesions, or secondary foci, are thus considered to 
be non-life-threatening. This is supported by a 
contemporary study by Mizuno et al. who 
reported that the largest tumor was a predictor of 
recurrence after treatment at multivariate analy-
sis, alongside Gleason score and positive surgical 
margin [29]. Indeed, Liu et al. reported an autopsy 
series that noted a monoclonal cell precursor as 
the origin of metastasis [13]. Similarly, Mehra 
et al. described a single origin of metastasis [14]. 
Ding et al. found that some specific genetic alter-
ations have implications in prostate cancer 
growth and metastatic progression [30]. 
Ultimately, Ahmed et al. formalized the concept 
of the index lesion according to data suggesting 
that genomic “signatures” of PCa and its metas-
tases are all derived from a single clone in the 
prostate gland [31].

Based on 222 men with stage T1c PCa treated 
with RP, Noguchi et al. studied the prognostic 
value of secondary cancers in men having multi-
focal, localized PCa [32]. The cohort was divided 
into three groups including men with a single 
tumor (54 cases, 24 %), an index tumor with sec-
ondary cancers <0.5 cc (86 cases, 39 %), and an 
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index tumor with secondary cancers >0.5 cc (82 
cases, 37 %). On multivariate analysis of the 
three groups, the investigators did not detect any 
differences in preoperative prostate-specific anti-
gen (PSA), number of positive cores, percent of 
Gleason grade 4 or 5 in the needle biopsy, or his-
tological features in RP specimens. However, 
when analyzing PSA failure rates among the 
three groups, the group with an index lesion and 
smaller secondary cancers had a better prognosis 
than the group with a single tumor. This study 
suggests that patients with multifocal PCa do not 
necessarily have a worse outcome than men with 
unifocal lesions. A report by Haffner et al. study-
ing 108 RP specimens suggested that secondary 
cancers are rarely significant in volume [33]. Two 
simultaneous, significant volume cancers >0.5 cc 
were identified in only 11 of 152 (7 %) cases.

 The Role of Small Satellite Lesions: 
Do They Need to be Treated?

Several reports contend that secondary, small- 
volume tumors do not significantly influence the 
survival of patients after RP [34–37]. A study by 
Liu et al. revealed support for a single aggressive 
lesion affecting the mortality of patients with 
advanced PCa [13]. This multi-institutional study 
using high-resolution, genome-wide single 
nucleotide polymorphism and copy number 
reported on 94 anatomically separate cancer sites 
in 30 men who died from metastatic PCa. These 
data in conjunction with a single-locus genetic 
study of advanced PCa evaluating the role of 
TMPRSS2-ETS in tumor progression demon-
strated that in spite of common genetic heteroge-
neity in primary cancers, most metastatic cancers 
arise from a single clone of index lesion [13].

On the contrary, emerging data suggests that 
secondary tumors may grow and become clini-
cally significant over time [38, 39]. The advanced 
genome-wide association studies (GWAS) have 
emerged as a new approach to identify alleles 
associated with prostate cancer risk in unbiased 
fashion; i.e., without prior knowledge of their 
position or function [40–43]. These GWASs can 

shed light to better understand tumor subclonal-
ity by using spatio-genomic approaches and 
sequencing multiple foci from each individual 
patient. All studies demonstrated the presence of 
multiple independent cancer clones both within 
and between (intrapatient heterogeneity) sug-
gesting that FT for prostate cancer may be 
complicated by heterogeneous molecular 
aberrations.

Haffner et al. tracked the evolution of the 
lethal cell clone from primary PCa to metastases 
through samples collected during disease pro-
gression and at the time of death over a 17-year 
treatment course following primary radical pros-
tatectomy [38, 39] (Fig. 7.1a, b). Despite being 
limited to one case, these analyses demonstrated 
that the lethal clone arose from a small, relatively 
low-grade cancer focus with a Gleason grade of 
6 in the primary tumor, and not from the bulky, 
higher-grade primary cancer of Gleason grade 7 
or from a lymph node metastasis resected at 
prostatectomy.

Taken together, the aforementioned studies 
reveal a series of unexpected characteristics of 
localized prostate cancer. First, they demonstrate 
the presence of widespread field effects, with 
mutational stress across the entire prostate gland 
superimposed with tumor evolution and selective 
pressures to produce substantial spatial heteroge-
neity. Second, they highlight the challenge of 
treating tumors composed of different subclones, 
some of which may respond to specific systemic 
or targeted therapies, and suggest a need for mul-
timodal interventions. Finally, they suggest that 
genomic interrogation of a single biopsy speci-
men may be insufficient to generate robust pre-
dictions from molecular biomarkers, even if 
suspected trunk mutations are considered because 
of apparent multiple clonally independent tumors 
within a single individual. To date, these conclu-
sions are based on a limited number of patient 
trials; therefore they cannot be used to make 
 generalizations for all candidates for FT. More 
robust clinical observations are required. 
Furthermore, it is well known that these multiple 
genetic events may not always have an impact on 
the natural history of the disease.
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If secondary cancers are initially left untreated, 
a stringent surveillance protocol including 
imaging and novel genomics tools should be fol-
lowed. If significant growth of secondary lesions 
is noted during follow-up after index ablation, 
repeat ablation should be performed.

The index lesion may be considered the driving 
force of PCa progression and therefore should be 

identified and treated at an early stage. The majority 
of satellite lesions generally do not appear to be life 
threatening to the patient. Therefore, for patients 
considering FT, precise three-dimensional (3D) 
mapping biopsies and/or imaging studies should be 
done to identify and map the index tumor and 
ensure that potential clinically significant small-
sized lesions are not inadvertently missed.

Fig. 7.1 Molecular and pathological findings in the pri-
mary tumor and their clonal relationship to the distant 
metastases. (a) Proposed model of disease progression in 
this index case, based on sequencing and molecular patho-
logical analyses. Phylogenetic relationships of distant 
metastases were calculated based on structural rearrange-
ments. (Reprinted with permission from Haffner MC, 
Mosbruger T, Esopi DM, Fedor H, Heaphy CM, Walker 
DA, et al. Tracking the clonal origin of lethal prostate can-

cer. J Clin Invest. 2013 Nov;123(11):4918–4922. [39]). 
(b) Speckle-type POZ protein (SPOP), phosphatase and 
tension homolog (PTEN), and tumor protein 53 (TP53) 
abnormalities across the spectrum of early and advanced 
prostate cancer. Reprinted with permission from Barbieri 
CE, Demichelis F, Rubin MA. The lethal clone in prostate 
cancer: Redefining the index. Eur Urol. 2014 Sep.;66(3): 
395–397 [38]
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 Cancer Laterality and Unifocality

Conventional PCa treatment, namely, whole- 
gland therapy, is dogmatically founded upon the 
principle of tumor heterogeneity and multifocal-
ity seen in 50–87 % of cases [4, 21, 22]. With 
prevalent PSA screening and early detection pro-
grams, investigators are now reporting an 
increased proportion of unifocal and/or unilateral 
disease.

Bostwick et al. demonstrated that multiple 
foci of prostatic intraepithelial neoplasia (PIN) 
may independently arise from various sites of the 
same prostate suggesting a field effect underlying 
the development of PCa [44]. Aurora et al. and 
Cheng et al. sequentially demonstrated that mul-
tifocal PCa is common (87 %) with extensive his-
tological heterogeneity seen among foci within 
the same specimen even with very low total 
tumor volume [35]. These findings also support 
the “field effect” of carcinogenesis. Recently, the 
same group reviewed records of 184 patients 
with unifocal tumors [23]. They found that 
despite a number of patients with insignificant 
disease, the relative proportion of patients with a 
unifocal tumor increased from 13 % to 28 % in 
the overall cohort. Tumor focality failed to show 
an advantage in biochemical recurrence between 
unifocal and multifocal disease. There were not 
significant differences in 5-year biochemical 
recurrence-free survival (66 % and 61 %, respec-
tively). However, these data suggest that unifocal 
lesions can be aggressive and require ablative 
therapy.

Some investigators found a significant differ-
ence in treatment outcome between unifocal and 
multifocal lesions [45], whereas others demon-
strated that the number of tumor foci, index 
tumor volume, satellite tumor volume, or tumor 
unilaterality did not predict disease-free survival 
on multivariate analysis [32, 46, 47]. Such con-
flicting data suggest the limitations of single- 
institutional studies with specific geographic and 
demographic features along with variable follow-
 up. It also implies our incomplete knowledge 
about the natural history of early-stage disease, 
including the complexity of tumor biology and 
limited predictability of clinical behavior.

It has been noted that even within the same 
institution (Stanford, Colorado, and Indiana 
University, etc.) the incidence of unifocal PCa 
has fluctuated over time [25]. Some countries 
have shown a greater prevalence of unifocal 
lesions, such as Austria and France (30–33 %), 
and South Korea (67 %) based upon prostatec-
tomy specimens [4]. This may reflect differences 
in selection factors, patient populations, and 
methods of tissue sampling, among other possi-
ble explanations.

From its onset, FT has encompassed the con-
cept of hemi-ablation; e.g., ablating the side of 
the prostate containing the dominant or index 
tumor along with any other satellite lesions that 
are found on the same side of the prostate. Based 
upon this premise, the concept of the unilateral 
cancer may be a more practical approach than 
targeting the unifocal tumor. Mouraviev et al. 
analyzed 1186 prostatectomy specimens from 
patients with low- to low-intermediate risk, clini-
cally localized PCa [48]. Pathologic assessment 
focused on cancer laterality, percentage of tumor 
involvement (PTI), and pathologic Gleason 
score. Unilateral cancer was identified in 227 
(19.2 %) cases, suggesting that almost one of five 
candidates treated with surgery in contemporary 
series may be amenable to focal hemi-ablation of 
one side of the prostate.

It is important to recognize that there may be 
residual disease on the untreated side after hemi- 
ablation. Although small volume lesions are gen-
erally unilateral, some clinically significant 
tumors could be located on the contralateral side. 
Yoon et al. evaluated the contralateral gland in 
patients presumed to have unilateral prostate can-
cer on biopsy [49]. In this study of 100 low-risk 
patients, needle biopsy predicted what the authors 
defined as limited disease (less than 3 unilaterally 
positive cores, <50 % involvement of any  positive 
core, Gleason score <6). Clinical stage T1c dis-
ease was diagnosed in 85 cases with cT2a disease 
in 15 with the palpable lesion located on the same 
side as the positive biopsies. In 66 cases, there 
was only one PCa focus identified in the contra-
lateral lobe. Approximately 14 % of each positive 
core was involved with PCa. In 65 RP specimens, 
cancer was identified contralateral to the positive 
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biopsy side with a mean total tumor volume of 
0.2 cm3 (largest 1.3). There were 13 cases in 
which more than 0.5 cm3 cancer was identified 
contralateral to the positive biopsy and seven 
with predominantly anteriorly located tumor. 
Overall, clinically significant cancer (Epstein 
definition) would have been missed in 20 % of 
cases in the contralateral lobe if hemi- ablation 
were performed based upon routine preoperative 
evaluation with sextant biopsy. This study under-
scores the limited accuracy of conventional, 
office-based transrectal ultrasound (TRUS)-
guided prostate biopsy to select patients for 
hemi-ablation. In a study of 538 patients with 
biopsy-proven unilateral disease, analysis of the 
contralateral gland revealed pathologic features 
in 24 % of cases including extraprostatic exten-
sion (EPE) (14.9 %), PTI > 15 % (8.4 %), GS > 7 
(4.7 %), seminal vesicle invasion (SVI, 2.5 %), or 
a combination of the aforementioned.

Bott et al. studied 100 prostatectomy speci-
mens including men with intermediate- and high- 
risk disease and found multifocal disease in 84 
patients, with 36 of them having had significant 
secondary tumors [50]. These clinically signifi-
cant satellite cancers were defined by volume 
(≥0.5 ml), by grade (any Gleason pattern ≥4) in 
19, and by stage (ECE) in six cases.

In the first prospective study from University 
College London, Ahmed et al. studied the feasi-
bility of treating only the largest and highest- 
grade cancer in men with more than 1 known 
prostate tumor [51] (Fig. 7.2). They showed that 
the side effects of targeted ablation were low, 
with acceptable rates of early cancer control. The 
median PSA nadir decreased to 2.4 ng/ml (IQR 
1.6–4.1). At 12 months, 42 of 52 (80.8 %) patients 
had histological absence of clinically significant 
cancer and 48 of 56 (85.7 %) patients had no 
measurable prostate cancer on rebiopsy or multi-
parametric magnetic resonance imaging 
(mpMRI). Despite an overall absence of clini-
cally significant disease (primary end point) 
noted on follow-up, 43 % of men had persistent 
Gleason 6 disease at the study end. These cancers 
must be followed prospectively given the recent 
findings of Haffner et al. that noted distant metas-
tasis originating from Gleason score 6 disease.

 Gleason Grade

The Gleason grade reflects architectural patterns 
of groups of cancerous glands and has been 
established as an important predictor of biochem-
ical and systemic failure as well as cancer- 
specific and overall survival. The new 2016 
World Health Organization (WHO) Classification 
of PCa was recently introduced with a reorga-
nized scoring system [52, 53] (Table 7.1). 
Gleason scores 2 to 6 are now condensed into a 
single prognostic grade group (PGG) 1, Gleason 
score 7 is divided into 2 groups based on primary 
score, and Gleason scores 9 and 10 are combined 
into group 5.

The international panel on FT agreed it was 
acceptable not to treat PGG 1 lesions up to a 
maximum cancer core length of 5 mm, although 
it has to be noted that the level of consensus was 
higher for not treating lesions with a smaller 
maximum cancer core length of 3 mm [16]. The 
panel agreed that PGG 2 (Gleason 3+4) lesions 
with a maximum cancer core length of 5 mm or 
PGG 3 (Gleason 4+3) disease of any length 
should be treated. However, the panel did not 
reach consensus on whether PGG 2 lesions with 
a maximum cancer core length of 3 mm could be 
left untreated.

In a contemporary series of patients who were 
selected for FT, most (85 %) had Gleason scores 
5–7. Among these, Gleason 7 is of particular 
interest due to the controversy related to tumor 
biology and aggressiveness [17]. Some studies 
did not demonstrate a significant difference 
between clinical outcomes with histologically 
confirmed PGG 2 (GS 3+4) compared to PGG 3 
(GS 4+3) disease [17]. However, other studies 
purport that cancers with primary Gleason  pattern 
4 have less favorable clinical behavior than those 
with primary Gleason pattern 3 [17]. Analyzing 
1688 men 10 years after RP, Tollefson et al. dem-
onstrated that a PGG 2 (GS 3+4) was associated 
with an increased biochemical disease- free sur-
vival (bDFS) (48 % vs. 38 %), lower systemic 
recurrence (8 % vs. 15 %), and higher cancer-
specific survival (97 % vs. 83 %) compared to 
PGG 3 (GS 4+3), respectively [54]. Burdick et al. 
presented the results of 705 patients with Gleason 
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7 prostate cancer treated with RP (n = 310), 
external beam radiotherapy (n = 268), or brachy-
therapy (n = 127) [55]. The 5-year bDFS rate was 
78 % and 71 % (p = 0.0108) for PGG 2 (GS 3+4) 
and PGG 3 (GS 4+3), respectively [55]. The 
Physicians’ Health Study and the Health 
Professionals Follow-Up Study reported on the 
mortality of PCa [56] suggesting that PGG 3 (GS 
4+3) cancers were associated with a threefold 

increase in lethal PCa compared with PGG 2 (GS 
3+4) cancers after RP.

 Extraprostatic Extension Is Not 
an Absolute Contraindication 
to Focal Therapy

The risk of extraprostatic extension (EPE), which 
upgrades primary PCa to clinical stage T3a, 
should be considered in planning FT. EPE is a 
significant pathological parameter identified after 
RP that can influence disease-free recurrence. In 
a multivariate analysis by Ohori et al. the amount 
of EPE or prostate capsule invasion (PCI) was an 
independent prognostic factor of disease recur-
rence. These authors detected a strong correlation 
between the level of PCI and total tumor volume, 
Gleason grade, SVI, positive lymph node status 

Fig. 7.2 Schematic diagrams demonstrating the types of 
focal therapy conducted in prospective development study 
on focal ablation of index lesion in multifocal localized 
prostate cancer. Large red areas represent dominant can-
cers (so-called index lesions), while small green areas rep-
resent small, low-grade, secondary lesions. Red transparent 
boxes represent ablation zones on the high- intensity 

focused ultrasound device: (a) hemi-ablation, (b) extended 
(dogleg) ablation, (c) quadrant ablation, (d) focal ablation. 
Reprinted with permission from Ahmed HU, Dickinson L, 
Charman S, Weir S, McCartan N, Hindley RG, et al. Focal 
ablation targeted to the index lesion in multifocal localized 
prostate cancer: a prospective development study. Eur Urol. 
2015 Dec; 68(6):927–36

Table 7.1 World Health Organization (WHO) classifica-
tion of prostate cancer

Prognostic grade group Gleason score

1 3+3 = 6

2 3+4 = 7

3 4+3 = 7

4 8

5 9–10
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(+LN), and rate of biochemical recurrence after 
RP [57]. Of interest, PCa did not appear to metas-
tasize in the absence of invasion into the prostate 
boundary regardless of the volume or grade of 
the intraprostatic tumor. Since EPE was identi-
fied as occurring more commonly on one side 
(85 % unilateral EPE vs. 15 % bilateral in this 
study), it is essential for optimal FT planning 
to understand the precise location of EPE. 
Unfortunately, EPE usually occurred near the 
neurovascular bundle (NVB) where it was 
exceedingly difficult to prevent collateral dam-
age to this structure during thermal ablation. 
Figure 7.3 depicts the spatial location of EPE 
based on a large RP series from Baylor College 
of Medicine [57]. This map of possible locations 
of EPE is important and may guide treatment 
planning to preserve the contralateral NVB on 
the untreated side, thereby preserving erectile 
function.

Baylor and Memorial Sloan Kettering investi-
gators studied the pathology of 1000 RP speci-
mens of early-stage PCa patients [57]. The 
frequency of unifocal disease in men with base-
line PSA <10 ng/ml was found to be 18 %. 
Generally, the largest (index) focus of cancer rep-
resented 80 % of the volume of all cancer pres-
ent. They found that the index cancer was almost 
always the largest and highest-grade focus. 
However, in certain cases, larger lower-grade 
cancers were noted in the transition zone with 

smaller high-grade cancer in the peripheral zone. 
In these instances, the index cancer is defined as 
the one with the highest grade. Of 470 patients 
with PSA levels between 4 and 10 ng/ml, 30 % 
had EPE with 92 % of these derived from the 
index lesion, 5 % from more than one focus, and 
3 % from smaller foci only. Of 126 patients with 
serum PSA ≤4 ng/ml, 20 % had EPE, 92 % of 
which emanated from the largest cancer and the 
remaining 8 % from other foci only. These data 
support the rationale to target the index lesion 
whereby the tumor burden would be reduced by 
80 % and the focus giving rise to EPE would be 
controlled in >90 % of patients. Mouraviev et al. 
reported that among 1184 patients with low-risk 
PCa, EPE was noted in 19.2 % of RP specimens 
[48]. The majority of patients with EPE may still 
benefit from FT since several technologies such 
as cryoablation can extend beyond the capsule 
thereby treating EPE. However, this requires 
accurate identification of the location and extent 
of EPE and targeting the region accordingly dur-
ing therapy.

Because EPE is a critical pathologic parame-
ter of the natural history of carcinogenesis and 
prognosis, the curative intent to extend an abla-
tive zone beyond the capsule is feasible, particu-
larly when the index lesion is located near the 
capsule. Several ablative technologies can be 
used to safely destroy an index lesion with EPE 
with no collateral damage.

Fig. 7.3 Location and 
frequency of 
extraprostatic extension 
in radical prostatectomy 
specimens. Adapted 
from Ohori M, Scardino 
PT. Localized prostate 
cancer. Curr Probl Surg. 
2002 Sep.;39(9):833–
957 [57]
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 The Role of Spatial Distribution 
of Cancers According to Zone 
of Origin and Volume

An understanding of the modeling of cancer mor-
phology such as the zonal origin and possibly 
intraprostatic patterns of cancer dissemination at 
histopathology is available for imaging interpre-
tation and treatment planning. These models may 
help determine cancer volumes that can be fol-
lowed as active surveillance or targeted by focal 
ablation. Additionally, planning may identify 
those cancers in which ablative therapy may 
affect areas of the prostate that are important for 
preservation of continence and potency. 
Combining histological data from RP sections, 
12-core biopsy results, mpMRI data, and knowl-
edge of the morphology of zonal prostate anat-
omy, it was possible to model PCa of different 
volumes and create graphical depictions of the 
likely shapes and sizes of tumors in different his-
tological parts of the prostate, including model-
ing in axial versus coronal projections. Modeling 
studies estimate that approximately 30 % of low- 
volume cancers are located anteriorly. Anterior 
cancers originate in the transition zone (TZ) and 
may be compressed further anteriorly during 
benign prostatic hyperplastic (BPH) growth, giv-
ing rise to cancers located in the anterior fibro- 
muscular stoma (AFMS).

A widely accepted tumor mapping strategy 
based on a 39-sector zone diagram from multipa-
rametric MRI findings has been introduced by 
the recent European Society of Urogenital 
Radiology (ESUR) consensus meeting and modi-
fied by the American College of Radiology [58]. 
A prostate segmentation model defining each of 
the unique regions of the prostate for localization 
is depicted by Villers in chapter 28 of this book 
(see Fig. 28.2).

In a series of 108 RP specimens, Haffner et al. 
stated that of 188 peripheral zone (PZ) cancers, 
179 were <4 cc and 168 were <2 cc [33]. PZ can-
cers tend to remain confined to their zone of ori-
gin for tumor volumes <2 cc. Between 2 cc and 
4 cc, some cancers partly spread into the TZ or 
AFMS. In total, 64 % and 90 % of PZ cancers 
<4 cc were located in the lower and posterior half 

of the gland, respectively. Additionally, 10 % 
were located in the anterior horn of the 
PZ. Cancers <2 cc were confined to 1 lobe in 164 
of 168 (98 %) cases and not confined in 3 of 11 
(27 %) cancers measuring 2–4 cc in volume. 
Only cancer ≥2 cc involved both apex and base in 
the sagittal plane.

Bouye analyzed a series of 91 prostates with 
TZ/AFMS foci. Overall, 79 foci were <4 cc and 
69 were <2 cc [59]. Additionally, 50 % and 70 % 
of cancers <4 cc were located in the anterior third 
and inferior half of the TZ and/or AFMS, respec-
tively. The authors subclassified three varieties of 
the small cancers <2 cc according to their loca-
tions related to the boundaries of the histological 
zones: TZ type 1 (40 %) represented cancers con-
fined to one TZ lobe; TZ type 2 (35 %) repre-
sented cancers mostly in one TZ lobe but crossing 
its anterior boundary; and type 3 AFMS (25 %) 
represented cancers confined to the AFMS.

Nevoux et al. analyzed a series of cystoprosta-
tectomy specimens performed for bladder cancer 
from 345 consecutive patients without clinically 
manifested prostate cancer [60]. In the 96 pros-
tates with prostate cancer, 215 cancer foci were 
identified (mean 2.24 cancers per prostate). Of 
the 215 cancers, 90 % were <0.5 cc and 79 % < 
0.2 cc (Fig. 7.4). Overall, 88 % of cancer foci 
were clinically insignificant with a tumor volume 
<0.5 cc and no Gleason grades 4–5 (groups 4–5) 
(Fig. 7.5). Seventy-five percent of the cancer foci 
were located in the peripheral zone, while the 
remainder were within the transition zone. One- 
third of cancer foci were anteriorly located 
beyond the conventional area sampled by poste-
rior biopsies. One-fifth of cancer foci were within 
6 mm of the apex. Limitations include that cysto-
prostatectomy cancer foci are biologically at an 
earlier stage than screening-detected cancers. 
These results created the rationale for hypothe-
sizing that AFMS cancers originate from anterior 
and medial TZ but become excluded from the 
TZ, anteriorly into the AFMS, due to growth of 
BPH. The TZ anterior limit would then function 
as a barrier to their posterior extension.

In summary, PZ (foci <2 cc), TZ/AFMS can-
cer contours and locations can be predictable and 
conform to histological zonal boundaries. 
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Knowledge of cancer origin and intraprostatic 
pattern of dissemination can be important for 
imaging, diagnosis, and guidance for biopsy and 
focal therapy. Additional study will be necessary 
to better understand the molecular events and 
potential intraprostatic spread of cancers within 
the prostate.

 Accuracy of Novel Imaging-Guided 
Biopsies Validated by Final 
Pathology Assessment 
of Prostatectomy Specimens

To date, there is a lack of specific and sensitive 
imaging to accurately identify the extent or con-
tours of significant cancer foci. In a milestone 
paper, Siddiqui et al. presented extensive experi-
ence from the National Cancer Institute (NCI) 
with fusion MRI/TRUS-guided biopsy [61]. 
Within the group of 170 who underwent prosta-
tectomy, 17 patients were diagnosed only on stan-
dard biopsy, of whom 3 (18 %) had intermediate- or 
high-risk cancer on whole-mount pathology. By 
contrast, 20 patients were diagnosed with prostate 
cancer only on targeted biopsy, of whom 12 
(60 %) had intermediate- or high-risk cancer on 

whole-mount pathology. When the ability of pre-
operative biopsy to predict whole-gland pathol-
ogy was examined, the sensitivity of targeted 
biopsy was 77 % vs. 53 % for standard biopsy, 
while the specificities were similar (targeted, 
68 %, vs. standard, 66 %). The area under the 
receiver operating curve (AUC) for targeted 
biopsy (0.73) was significantly greater than that 
of either standard biopsy (0.59, P = 0.005) or 
combined biopsy (0.67, P = 0.04) [61].

At the NCI, Turkbey et al. developed the cus-
tomized mold and provided tissue blocks that 
permitted a direct one-to-one correlation with 
in vivo MRI [62, 63]. The use of the customized 
mold enabled more exact correlation between 
each MRI parameter and the histopathological 
specimen, without requiring a correction or an 
approximation approach to validate MRI with a 
more standardized, unbiased method. Whole- 
mount histopathological evaluation of 45 prosta-
tectomy specimens revealed 342 tumor-positive 
regions: 281 (82 %) in the PZ and 61 (18 %) in 
the central zone (CZ) among 1746 regions. Of 
these 342 tumor positive regions, 90 (82 %) in the 
PZ and 20 (18 %) in the CZ contained tumors 
5 mm or less in diameter, whereas 232 including 
191 (82 %) in the PZ and 41 (18 %) in the CZ 

Fig. 7.4 Spatial distribution of (a) 146 prostate cancers 
<0.1 cc and (b) 24 prostate cancers 0.2–0.5 cc on sagittal 
and transverse prostate sections for an average 45 cc 
gland. Dots represent the center of each cancer focus. PZ 
cancers are in red and TZ/AFMS in green. Modified with 

permission from Nevoux P, Ouzzane A, Ahmed HU, 
Emberton M, Montironi R, Presti JC, Jr., et al. Quantitative 
tissue analyses of prostate cancer foci in an unselected 
cystoprostatectomy series. BJU Int. 2012 Aug;110(4):517–
523 [60]
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contained tumors greater than 5 mm in diameter. 
Gleason scores were 7 or less in 235 regions: 194 
(82.5 %) in the PZ and 41 (17.5 %) in the CZ 
regions and greater than 7 in 107 regions; 87 
(81 %) in the PZ and 20 (19 %) in the CZ regions. 
On histopathological evaluation, extracapsular 
extension was detected in 20 regions in 12 pros-
tatectomy specimens. Seminal vesicle invasion 
was detected in two patients. The positive predic-
tive value of mpMRI to detect prostate cancer 
was 98 %, 98 %, and 100 % in the overall pros-
tate, peripheral zone, and central gland, respec-
tively. The sensitivity of MRI sequences was 
higher for tumors larger than 5 mm in diameter as 
well as for those with higher Gleason scores 
(greater than 7, p < 0.05) [63].

In prior studies to correct the mismatches 
between MRI and histopathology, several meth-
ods have been proposed. Scheidler et al. 
 considered tumor sites detected on MRI and his-
topathology if they were in the same sextant 
within a range of 1 section (±3 to 4 mm cranio-
caudally) provided that they were in the same 
anterior or posterior prostatic hemisphere [64]. 
Villers et al. matched MRI with histopathology 
based on anatomical landmarks such as gland 
contours [65]. Other groups accepted a distance 
of 8 mm to 10 mm (approximately 2 sections) as 
evidence of a match between MRI and histopa-
thology [66, 67].

Russo et al. presented results of 115 patients 
with biopsy-confirmed prostate cancer who 

Fig. 7.5 Average transverse section of a 45 cc prostate at 
mid-gland depicting a model of distribution of 215 sepa-
rate prostate cancers in 96 cystoprostatectomy specimens 
demonstrating unifocal (a, b) and multifocal (c, d), unilat-
eral (c), and bilateral (d) tumors. Among the unilateral 
and multifocal cases (c), cancers were in the same anterior 
or posterior part of the gland in 50 % of cases. (a) Posterior 
insignificant cancer of 0.1 cc that could be detected by 
posterior systematic biopsies (SB). (b) Anterior insignifi-

cant cancer of 0.1 cc undetectable by posterior SB. (c, d) 
Unilateral (c) and bilateral (d) multifocal cancers with a 
large PZ cancer of 0.7 cc and a smaller TZ cancer of 
0.1 cc. Modified with permission from Nevoux P, Ouzzane 
A, Ahmed HU, Emberton M, Montironi R, Presti JC, Jr., 
et al. Quantitative tissue analyses of prostate cancer foci in 
an unselected cystoprostatectomy series. BJU Int. 2012 
Aug;110(4):517–523 [60]
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underwent mpMRI before radical prostatectomy 
[68]. Stained whole-mount histological sections 
were used as the reference standard. All lesions 
were contoured by an experienced uropathologist 
who assessed their volume and pathological 
Gleason score. All lesions with a volume of 
>0.5 ml and/or pathological Gleason score of > 6 
were defined as clinically significant prostate can-
cer. In all, 104 of 115 index lesions were correctly 
diagnosed by mpMRI with sensitivity—90.4 % 
and 95 % confidence interval (CI) 83.5–95.1 %, 
including 98/105 clinically significant index 
lesions (93.3 %; 95 % CI 86.8–97.3 %), among 
which 3 of 3 lesions had a volume of <0.5 ml and 
Gleason score of >6. Overall, mpMRI detected 
131/206 lesions, including 13 of 68 “insignifi-
cant” prostate cancers (Table 7.2) [68]. The multi-
variate logistic regression modeling showed that 
pathological Gleason score (odds ratio [OR] 11.7, 
95 % CI 2.3–59.8; P = 0.003) and lesion volume 
(OR 4.24, 95 % CI 1.3–14.7; P = 0.022) were 
independently associated with the detection of 
index lesions at MRI.

In conclusion, fusion MRI/TRUS-targeted 
biopsy:

• Improves the cancer detection rate, espe-
cially Gleason score high-grade ≥7 tumors, 
but does not replace systematic biopsy 
making it complimentary.

• Undergrades 20–30 % of tumors particu-
larly those with tertiary pattern grade.

• Misses (false-negative result) up to 30 % of 
clinically significant cancer lesions.

• Overall, mpMRI detects 80 % of index and 
50 % of all prostate cancers.

• Significantly underestimates tumor diame-
ter and volume for apex-base (longitudi-
nal) dimension more than anterior-posterior 
and left-right (axial) dimension with large 
standard deviation that cannot predict in 
individual cases an actual tumor location.

• To date, results of fusion biopsy with spa-
tial distribution of PCa are not reliable to 
plan a focal targeted therapy in case of 
switching patients from AS toward inter-
ventional therapy.

Ultimately, we believe that the 3DBiopsy™ 
System (3DBiopsy, Inc.) can potentially over-
come the limitations of fusion biopsy.

There are several studies in the literature com-
paring the accuracy of transrectal and transperi-
neal biopsy with computer simulation on 
reconstructed 3D computer models of radical 
whole-mount specimens [69]. Hu et al. determined 
the effectiveness of two sampling strategies: 
repeat TRUS biopsy and transperineal template-
guided mapping biopsy (TTMB) to detect and 
exclude lesions of ≥0.2 ml or ≥0.5 ml [70].  

Table 7.2 Per-index lesion sensitivity of mp-MRI according to pathological Gleason score and location

Sensitivity, % (n/N)

Gleason score ≤6 Gleason score 3+4 Gleason score 4+3 Gleason score ≥8 Total

All lesions

PZ 28.1 (18/64) 85.1 (63/74) 100 (22/22) 93.7 (15/16) 67 (118/176)

TZ 30 (6/20) 71.4 (5/7) 50 (1/2) 100 (1/1) 43.3 (13/30)

Total 28.6 (24/84) 83.9 (68/81) 95.8 (23/24) 94.1 (16/17) 63.6 (131/206)

Clinically significant lesions (>0.5 ml or ≤0.5 ml and Gleason score ≥7)

PZ 70 (7/10) 85.1 (63/74) 100 (22/22) 93.7 (15/16) 87.7 (107/122)

TZ 66.6 (4/6) 71.4 (5/7) 50 (1/2) 100 (1/1) 68.8 (11/16)

Total 68.7 (11/16) 83.9 (68/81) 95.8 (23/24) 94.1 (16/17) 85.5 (118/138)

Data are percentages, numerators indicate the number of detected lesions, and denominators represent the total number 
of lesions
PZ peripheral zone, TZ transitional zone
Reprinted with permission from Russo F, Regge D, Armando E, Giannini V, Vignati A, Mazzetti S, et al. Detection of 
prostate cancer index lesions with multiparametric magnetic resonance imaging (mp-mri) using whole-mount histologi-
cal sections as the reference standard. BJU Int. 2016 Jul;118(1):84–94 [68]
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In 107 consecutive cases that were analyzed with 
TTMB and five different TRUS biopsy strategies 
that were simulated, the latter involved a standard 
12-core sampling and incorporated variable 
amounts of error, as well as the addition of ante-
rior cores ≥0.5 ml. Overall, TTMB accuracy 
(AUC) was ≈0.90 compared with AUC 0.70–
0.80 for TRUS biopsy. In addition, at best, TRUS 
biopsy missed 30–40 % of lesions of ≥0.2 ml and 
≥0.5 ml, while TTMB missed 5 % of such 
lesions.

Muthuveloe et al. conducted a prospective 
study of 200 consecutive men who underwent 
template biopsy in a tertiary referral center, using 
a standard 24-region template prostate biopsy 
technique [71]. Overall detection rate was 47 %; 
39.5 % of cases with previous negative transrec-
tal biopsies were found to have prostate adeno-
carcinoma; and 47.5 % of cases on AS for 
Gleason 3+3 = 6 prostate adenocarcinoma were 
upgraded. The authors concluded that those con-
sidering AS for Gleason 3+3 = 6 disease should 
be offered template biopsy to confirm the grade 
of their disease.

Ayres et al. evaluated the role of TTMB in 101 
men on active surveillance at a single center [72]. 
Criteria for active surveillance were ≤75 years, 
Gleason ≤3+3, PSA ≤ 15 ng/ml, clinical stage 
T1–2a, and ≤50 % TRUS guided transrectal 
biopsy cores positive for cancer with ≤10 mm of 
disease in a single core. The number of men with 
an increase in disease volume or Gleason grade 
on TTMB and the number of men who later 
underwent radical treatment were assessed. In 
all, 34 % of men had more significant prostate 
cancer on restaging transperineal template biop-
sies compared with their transrectal biopsies. Of 
these men, 44 % had disease predominantly in 
the anterior part of the gland, an area often under- 
sampled by transrectal biopsies. In the group of 
men who had restaging TTMB within 6 months 
of commencing active surveillance, 38 % had 
more significant disease. In total, 33 % of men 
stopped active surveillance and had radical treat-
ment. In conclusion, around one-third of men had 
more significant prostate cancer on TTMB. This 
probably reflects under-sampling by initial tran-
srectal biopsies rather than disease progression.

Crawford et al. correlated the clinical- 
pathologic results of 1403 TTMB cores obtained 
from 25 men diagnosed with PCa with 64 cancer 
lesions found in their corresponding RP specimens 
[73]. Special computer models of 3D whole-
mounted radical prostatectomy (3D–WMRP) 
specimens were generated and used as a gold stan-
dard to determine tumor morphometric data. 
Between-sample rates of upgrade and downgrade 
(highest GS and a novel cumulative GS) and 
upstage and downstage (laterality) were deter-
mined. Lesions ≥0.5 cm3 or GS ≥ 7 were consid-
ered clinically significant. From 64 separate 
3D–WMRP lesions, 25 had significant volume 
(mean 1.13 cm3) and 39 were insignificant (mean 
0.09 cm3) (P < 0.0001); 18/64 lesions were missed 
by TTMB, but only 1 was clinically significant 
with GS-8 (0.02 cm3). When comparing the cumu-
lative GS of TTMB versus RP, 72 % (n = 18) had 
identical scores, 12 % (n = 3) were upgraded, and 
only 16 % (n = 4) were downgraded. Laterality of 
TTMB and RP was strongly correlated, 80 % same 
laterality, 4 % were upstaged, and 16 % down-
staged. Finally, they demonstrated that TTMB 
using a 5 mm sampling frame had 95 % sensitivity 
and 30 % specificity to detect 0.5 ml lesions.

A number of clinical studies have shown that 
TTMB detects more cancer, identifies bilateral 
disease in men thought to have unilateral cancer, 
upgrades disease in approximately a third of 
patients, and provides localization information 
on individual lesions [72, 74, 75]. As a result, 
TTMB could be used to select men for active sur-
veillance or focal therapy. This may decrease the 
30–40 % delayed intervention rate currently seen 
in active surveillance cohorts and decrease the 
need for intensive biopsy surveillance.

The technique of TTMB is evolving to 
improve the outcomes of its diagnostic accuracy. 
Barzell and Melamed assessed 80 patients, in 
whom focal cryoablation was planned, with both 
TTMB and TRUS biopsy [76]. In their study, 
47 % of patients found suitable by TRUS biopsy 
for focal therapy actually had high-risk cancer in 
TTMB. However, the technique used in that 
study is different from the present definition for 
mapping biopsy, and, according to the Ginsburg 
Study Group, Barzell’s technique might be 
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termed as “transperineal template-guided satura-
tion biopsy.” Onik and Barzell used the Crawford 
model of TTMB to carry out mapping biopsy in 
110 patients with TRUS biopsy-proven unilateral 
disease. They showed that TTMB found bilateral 
disease in 55 % and Gleason upgrading in 25 % 
of patients.

Sivaraman et al. carried out volume-based 
TTMB in 98 patients with low-risk PCa diag-
nosed by TRUS biopsy and found that 30.6 % of 
the patients were upstaged/upgraded (9.2 % had 
bilateral disease, 16.3 % had Gleason upgrade, 
and 5.1 % had both) [77]. According to present 
evidence, the cancer detection rate of TTMB 
after initial negative TRUS biopsy is 46–68 %. 
Diagnostic performance of TTMB in the initial 
biopsy setting is 73–76 %, which is superior to all 
the diagnostic modalities used for PCa to date. 
These data reflect the superior results of TTMB 
in detecting, grading, and mapping of PCa as 
compared with TRUS biopsy.

The results of TTMB are very encouraging, 
and it will potentially become an essential tool 
for the management of PCa. Future studies will 
broaden the indications of this excellent tech-
nique and define the limitations. Considering the 
exceptional cancer detection rate of TTMB, its 
use in the primary biopsy setting remains to be 
seen. However, the cost-benefit ratio of the pro-
cedure in this setting will determine the utility. 
Advances in image-guided mpMRI biopsies have 
enhanced TRUS biopsy cancer detection. Pre- 
biopsy imaging or real-time image guidance can 
guide the clinician to cluster more high-quality 
cores with longer core distance covering a whole 
length. The differential clustering of cores within 
the prostate depending on image guidance could 
culminate in a superior cancer detection rate with 
exact spatial distribution of prostate cancer. 
Fusion of imaging with grid sampling will be an 
interesting advance in PCa diagnosis and can 
form the basis for future research in prostate 
biopsy techniques.

The definition of insignificant cancer for 
TTMB must be revisited and redefined. These 
attributes can potentially overcome most of the 
shortcomings of the present biopsy techniques. 
Huo et al., in their retrospective diagnostic accu-

racy study, compared the results of primary trans-
perineal biopsies with the radical prostatectomy 
pathology of 414 consecutive patients treated at a 
single institution [78]. The average sensitivity 
and specificity for the detection of cancer in all 
prostates across all biopsy zones was 48 % (95 % 
CI 42.6–53.4) and 84.1 % (95 % CI 80–88.2), 
respectively. Interestingly, there was a statisti-
cally significant decrease in the sensitivity of 
transperineal biopsy in larger prostates. Grading 
concordance between biopsy and pathology 
specimens was achieved in 65.7 % of patients. 
Upgrading of Gleason scores occurred in 25.6 % 
of patients and downgrading occurred in 8.8 %. 
Thus, their transperineal biopsy method has dem-
onstrated fair agreement with the histopathology 
findings of the corresponding radical prostatec-
tomy specimens. The cancer detection rate was 
lower in larger prostates, suggesting an increase 
in the number of cores in larger prostates as a 
strategy to improve cancer detection.

A few randomized studies demonstrated that 
combined biopsy approach (fusion MRI/TRUS- 
targeted biopsy and transperineal multicore map-
ping biopsy) detects more significant PCa than 
fusion MRI/TRUS-targeted biopsy alone; how-
ever, it will double the detection rate of insignifi-
cant PCa [69]. For instance, Ting et al. performed 
a head-to-head comparison of 48 patients who 
underwent MRI/TRUS-targeted biopsy (TBx) 
and 80 patients underwent combined MRI/
TRUS-targeted biopsy plus 24-core saturation 
TTMB [79]. In the MRI/TRUS-targeted biopsy 
versus combined biopsy strategy subgroup analy-
sis (n = 80), there were 55 PCa and 38 significant 
PCa. The detection rate for the combined biopsy 
strategy versus MRI/TRUS-TBx for significant 
PCa was 49 % versus 40 % (p = 0.02) and for 
insignificant PCa was 20 % versus 10 % 
(p = 0.04), respectively. Eleven cases (14 %) of 
significant PCa were detected exclusively on 
MRI/TRUS-TBx and 7 cases (8.7 %) of signifi-
cant PCa were detected exclusively on TTMB.

Radtke et al. reported a comparative analysis 
of 294 consecutive patients undergoing system-
atic transperineal biopsy and MRI/TRUS fusion 
TBx [80]. The authors reported that sampling 
efficiency was in favor of the second method, 
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with 46.0 % of MRI/TRUS fusion TB vs. 7.5 % 
of systematic biopsy cores detecting PCa with a 
Gleason score >7. However, there was still utility 
to perform systematic transperineal sampling, as 
12.8 % Gleason score >7 were missed by the tar-
geted approach. The opposite occurred in 20.9 %. 
The authors concluded that the gold standard for 
cancer detection is a combination of systematic 
and targeted cores.

In a recent review of the literature, Toner et al. 
demonstrated that mpMRI has an increasing role 
for PCa diagnosis, staging, and directing man-
agement toward improving patient outcomes 
[81]. Compared with radical prostatectomy RP 
and TTMB specimens, the sensitivity and speci-
ficity of mpMRI reported in the literature are 
approximately 80–90 % and 50–90 % (Table 7.3 
[82–88] and Table 7.4 [82, 89–92]).

 The Safety Margin of Focal Ablation 
Based on Concordance 
Between Baseline Multiparametric 
Magnetic Resonance Imaging 
and Final Pathology Assessment

Ideally, FT will completely treat all histologic 
malignancy, not just what is visible on imaging. At 
University of California, Los Angeles (UCLA), 
Priester et al. demonstrated that MRI consistently 

underestimates the size and extent of prostate 
tumors [93]. The study examined 114 men who 
had mpMRI before radical prostatectomy with 
patient-specific mold processing of the specimen. 
T2-weighted images were used to contour the 
prostate capsule and cancer-suspicious regions of 
interest (ROIs). The contours were used to design 
and 3D-print custom molds, which permitted 
alignment of excised prostates with MR images. 
Tumors were reconstructed in 3D from digitized 
whole-mount sections. Tumors were then matched 
with ROIs and their relative geometries were com-
pared. At final pathology assessment, 222 tumors 
were evident on whole- mount sections, 118 of 
which had been identified on MRI. For the 118 
ROIs, the mean volume was 0.8 cc and the longest 
3D diameter was 17 mm. However, for matched 
pathologic tumors, most of which were GS ≥3+4, 
the mean volume was 2.5 cc and the longest 3D 
diameter was 28 mm. The median tumor had a 
13.5 mm maximal extent beyond the MRI contour, 
and 80 % of cancer volume from matched tumors 
was outside of ROI boundaries. Size estimation 
was most accurate in the axial plane and least 
accurate along the base- apex axis. Prostate cancer 
foci had an average diameter 11 mm longer and a 
volume 3 times greater than T2-weighted MRI 
segmentations. These results may have important 
implications for improving accuracy, especially 
along the base-apex axis.

Table 7.3 Comparison data of multiparametric magnetic resonance imaging (mpMRI) with radical prostatectomy as a 
reference standard

Reference N Sensitivity (%) Specificity (%) NPV PPV
Definition of 
significant PCa

Thompson et al. [82] 48 98 43 75 91 GS ≥ 7, GS = 6 
CL ≥ 5 mm or 20 % 
cores positive

Chamie et al. [83] 115 96 46 92 66 pT3, GS ≥ 4+3, 
GS = 3+4 and 
≥1.3 ml

Junker et al. [84] 50 97 79 NR NR Any PCa

Hoeks et al. [85] 63 65 67 NR NR Any PCa

Delongchamps et al. 
[86]

57 78 97 NR NR Any PCa

Yoschizako et al. [87] 35 69 94 NR 95 Any PCa

Villers et al. [88] 24 77 91 NR NR Any PCa

N number of radical prostatectomies, NPV negative predictive value, PPV positive predictive value, PCa prostate can-
cer, GS Gleason score, CL core length
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The latest report of this group updated results 
showing an index PCa detection rate by mpMRI 
in 224 of 285 (78.6 %) tumors validated by 
whole-mount histopathology (WMHP) (Carroll 
P. Personal communication, 2016). The median 
maximal diameter of PCa index tumors on 
mpMRI was 1.3 cm while on WMHP measured 
as 2.0 cm with poor Pearson correlation coeffi-
cient of 0.45 (p < 0.05).

Le Nobin et al. examined the accuracy of 3 
Tesla MRI before prostatectomy in 33 patients 
[11]. Concordance was conducted between lesion 
borders traced by a radiologist on MRI images 
and MRI and 3D reconstructions created from 
high-resolution digitalized slides of radical pros-
tatectomy specimens and co-registered to imag-
ing using advanced software. Tumors were 
compared between histology and imaging by the 
Hausdorff distance and stratified by the MRI sus-
picion score, Gleason score, and lesion diameter. 
The results showed a boundary underestimation 
in larger lesions with an imaging suspicion score 
4 or greater (mean 3.49 ± 2.1 mm, p < 0.001) and 
a Gleason score of 7 or greater (mean 
2.48 ± 2.8 mm, p = 0.035). A simulated treatment 
volume based on the MRI boundary missed an 
average 14.8 % of tumor volume compared to 

that based on the histological boundary (Fig. 7.6) 
[11]. Adjustment of simulated treatment volume 
to a 9 mm treatment margin achieved complete 

Table 7.4 Comparison of multiparametric magnetic resonance imaging (mpMRI) with transperineal mapping biopsy 
(TPMB) as a reference control

Reference N
Sensitivity 
(%)

Specificity 
(%) NPV PPV

Definition of 
significant PCa

Number of 
cores

Reporting 
system

Pepe et al. [89] 168 83 72 88 79 NR 6–35, 
median 28

NR

Thompson et al. 
[82]

150 93 53 52 98 GS ≥ 7, 
GS = 6 
CL ≥ 5 mm or 
20 % cores 
positive

median 30, 
two 
targeted

PI-RADS

Grey et al. [90] 201 97 60 98 49, 58, 
84a

GS ≥ 7, 
GS = 6 CL ≥ 
6 mm

24–40, two 
to four 
targeted

PI-RADS

Abd- Alazeez 
et al. [91]

54 90, 76 42, 42 95, 79 26, 38 UCL 1, UCL 
2b

Minimum 
10–12

PI-RADS

Arumainayagam 
et al. [92]

64 64–81, 
58–73c

68–80, 
71–83c

91–94, 
84–89c

35–45, 
49–63c

UCL 1, UCL 
2b

29–41, 
median 34

Likert

N number of patients, NPV negative predictive value, PPV positive predictive value, PCa prostate cancer, GS Gleason 
score, CL core length, PI-RADS Prostate Imaging Reporting and Data System, UCL University College London
aPPV for PI-RADS 3, 4, and 5, respectively
bUCL 1, Gleason score of over 4+3 and/or maximum cancer core length (CCLmax) of 6 mm or more; UCL 2, Gleason 
score of 3+4 or more and/or CCLmax of 4 mm or more
cRange from different radiologists

Fig. 7.6 Cartoon reconstruction of MRI-visible lesion 
(blue boundary) within actual histologic lesion (pink 
boundary). Note that the MRI-visible lesion underesti-
mates the true histologic lesion. The large two-headed 
arrow indicates the maximum Hausdorff distance from 
the center of the lesion. Reprinted with permission from 
Le Nobin J, Rosenkrantz AB, Villers A, Orczyk C, Deng 
FM, Melamed J, et al. Image guided focal therapy for 
magnetic resonance imaging visible prostate cancer: 
Defining a 3-dimensional treatment margin based on mag-
netic resonance imaging histology co-registration analy-
sis. J Urol. 2015 Aug;194(2):364–370 [11]
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histological tumor destruction in 100 % of 
patients and should be incorporated into clinical 
ablation strategies.

 Conclusion

The fast-growing implementation of organ- 
sparing approaches such as AS and FT has gained 
popularity in today’s clinical practice both by 
patients and physicians alike due to the desire to 
avoid overtreatment and minimize the potential 
side effects of incontinence and impotence often 
associated with whole-gland therapy. The early 
detection of PCa with the introduction of advanced 
pathologic and genomics techniques has resulted 
in more frequent diagnoses of small tumors of 
lower volume and clinical stage that can be unifo-
cal and/or unilateral, thus supporting the concept 
of AS and parenchyma-sparing FT. The several 
novel studies based on unbiased genome-wide 
approaches coupled with pathologic assessment 
demonstrated that anatomically distinct tumor 
metastases are derived from a single progenitor 
clone. These data of the literature suggest that 
most commonly the driver lesion with potentially 
lethal clone is located inside of index focus that 
gives the bright prospects for focal ablation of this 
focus with potentially curable intent. However, 
currently, we still lack a reliable diagnostic tool to 
rule out an existence of this lethal clone in sec-
ondary (satellite) lesion(s) in some cohort of 
patients.
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 Introduction

Prostate cancer offers distinctive challenges. It 
can be diagnosed at a very early stage with little 
impact on the patient’s life expectancy, and it 
can be extremely aggressive causing significant 
morbidity and mortality. In many other solid 
organ cancers (i.e., breast, kidney, bladder, thy-
roid, among others), tissue preservation is 
widely used, offering disease control and lower 
morbidity when compared to whole-organ ther-
apy. Considering that traditional whole-gland 
treatment can cause long-term side effects [1], 
focal treatment is an attractive alternative that 
until recently had no place in prostate cancer 
management.

It is widely known that prostate cancer is mul-
tifocal. Certainly, ~80 % of prostate cancers con-
tain more than one focus of disease [2]. However, 
in other organs in which the field effect concept is 
accepted, focal management of cancer is achieved 
along with adjuvant therapy to the remaining tis-
sue (low-dose radiotherapy after wide local exci-
sion in breast cancer) and surveillance on a 

regular basis (mammography for breast cancer 
and computed tomography [CT] for kidney can-
cer). Sometimes, as in renal and thyroid tumors, 
adjuvant whole-gland therapy is not applied. In 
this chapter we will discuss the clinicopathologi-
cal implications of multifocal prostate cancer and 
the role of the index lesion.

 Definition of Multifocality

Attention to the definition of prostate cancer mul-
tifocality is required since the variability in rates of 
multifocality might be genuine cohort differences 
or differences in methodology. For example, in 
breast cancer in which multifocality is also a com-
mon finding (in between 7 % and 95 % of cases), 
multifocal disease is defined as two or more syn-
chronous ipsilateral neoplasms that are separated 
by benign tissue in the same quadrant or different 
quadrants of the breast [3]. Currently, for prostate 
cancer, no precise definition has been established 
for focality, and institutional or investigator- 
specific criteria have been used. For instance, Wise 
et al. [4] considered a cancer to be spatially sepa-
rate if it was 3 mm or greater from the closest can-
cer in any single section or 4 mm or greater from 
the closest cancer on the adjacent section above or 
below. Others have defined multifocality as a min-
imum separation of 4 mm between two malignant 
foci without further detail as to the distance 
between these foci on adjacent slides.
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This is clearly dependent on how radical pros-
tatectomy specimens are processed, with differ-
ent thresholds depending on the thickness of the 
slides (between 3 mm and 6 mm). Several issues 
arise from this processing bias. First, the variabil-
ity between centers affects the definition of mul-
tifocality, with reported rates ranging anywhere 
between 60 % and 90 % [5–14]; therefore, tumors 
may be wrongly classified as unifocal (see 
Fig. 8.1), and small tumors may be missed, and 
this misclassification error would be even higher 
with thicker sections (>5 mm) as found by 
Noguchi et al. where 17 % of small cancers are 
missed when 6 mm step sections are performed 
[15]. Second, even when complete sectioning is 
performed, sampling error might occur. It has 
been estimated that generation of a single 5 μ(mu)
m thick section from each 3 mm tissue block 
required for hematoxylin-eosin staining and 
microscopic evaluation provides an estimate of 
only 0.17 % of all embedded tissue [16]. A com-
plete sampling of the prostate would need more 
than 2500 standard slides to be reviewed [17]. 
Third, the analysis of multifocality carries a great 
degree of subjectivity as the tumors are not dis-
crete ovoid shapes but have areas that are solid 
and some areas that are less distinct. This is what 
some describe as the “octopus body and tenta-
cles” phenomenon (others have used spiders or 
crabs for their description).

 The Index and Non-index Lesion

The index lesion can be defined as the tumor foci 
that contains most of the cancer burden 
(Fig. 8.2); in the majority of cases, its volume 
ranges between 0.5 and 1.5 cm3 in volume, and it 
comprises almost 90 % of the total tumor vol-
ume [17–20]. The index lesion is of paramount 
importance as it has been shown to be an inde-
pendent predictor of prostate cancer progression 
along with Gleason grades 4 and 5 and lympho-
vascular invasion [4]. Indeed, we have previ-
ously shown that histopathological features of 
poor prognosis in the prostate are almost invari-
ably determined by the index lesion [21]. As in 
other organs, tumor burden must be taken into 
account, and evidence has shown that tumors 

Fig. 8.1 Diagram showing the effect of different slicing 
techniques in the diagnosis of multifocality in prostate 
cancer. (a) 3 mm slices correctly identifying location and 
size of a prostate tumor. (b) Wider slicing (6 mm) can lead 
to misdiagnosis as it either misses the 2 lesions or incor-
rectly diagnoses the tumor as a large nodule. (c) 3 mm 
slicing showing the “octopus body and tentacles” phe-
nomenon where the lesion is not ovoid in shape but rather 
irregular. (d) 6 mm slices would misdiagnose this tumor 
as it would miss the larger area of cancer
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smaller than 0.5 cm3 can almost always be clas-
sified as insignificant due to their tumor volume 
doubling times when on active surveillance [22–
25]. For instance, one study showed that 79 % of 
men with previously untreated prostate cancer of 
all clinical stages who had serial prostate-spe-
cific antigen (PSA) determination every 
12 months had a PSA doubling time greater than 
24 months [26]. Theoretically, lymph node 
metastasis can be found only when the primary 
tumor volume is higher than 4 cm3 [23], and a 
0.5 cm3 cancer would take approximately 
12 years to reach 4 cm3 if its doubling time was 
48 months and linear [26].

In addition, studies have shown the correlation 
between tumor volume and poorer pathological 
attributes. For instance, lesions ≥0.5 cm3 have a 
1-in-10 chance of capsular invasion, lesions 
≥4 cm3 have a 1-in-10 chance of seminal vesicle 
invasion, and lesions ≥10 cm3 have a 1-in-10 
chance of metastases [27]. It seems as well that 
tumor volume is also determinant of grade, as 
very rarely non-index lesions have Gleason pat-
tern 4 or higher [2]. Mouraviev et al. found that a 
larger index lesion is associated with fewer satel-
lite lesions, possibly due to the larger lesion inte-
grating the smaller adjacent lesions, as well as a 
shift toward earlier diagnosis with lower tumor 
volume burden [19]. Broadly speaking, it has 
been stipulated that a prostatic lesion is signifi-
cant when it reaches >0.5 cm3 in size [22, 28]. 
Although tumors <0.1 cm3 are thought to have a 
low biological potential [22, 29], these small 
tumors can also exhibit aggressive behavior, and 
non-index lesions have been found to harbor 
aggressive potential with extracapsular extension. 

Ruijter et al. described locally invasive tumors in 
up to 1-in-4 non-index lesions [30], and Hollman 
et al. found similar results, although 17 % of 
lesions with extracapsular extension (ECE) had a 
volume of >1.0 cm3 [24].

Certain molecular alterations, such as 
TMPRSS-ERG gene fusions, have been found in 
lymph node metastases in concordance with the 
index lesion, but not on low-grade satellite lesions 
[31] or secondary high-grade and high-volume 
lesions [32]. Greene et al. assessed DNA ploidy 
status, which is an independent prognostic factor 
for localized prostate cancer. Of 141 separate 
cancers in 68 patients, the group discerned that 
15 % of those 0.01–0.1 cm3 and 31 % of those 
0.1–1.0 cm3 in volume were non-diploid [33]. 
This evidence supports the argument that, despite 
multifocality, prostate cancer disease progression 
is likely to be related to lesions that meet certain 
minimal grade and volume thresholds.

Furthermore, Schmidt et al. found men with 
circulating tumor cells and lymph node metasta-
ses in men with lesions of 0.2 cm3 in volume [34]. 
Several groups have published data showing such 
aggressive behavior; in a series of 239 patients 
with tumor volume less than 0.5 cm3, investiga-
tors demonstrated that 43 were poorly differenti-
ated, 11 had extracapsular extension, 6 had 
positive surgical margins, 2 had positive lymph 
nodes, and 7 experienced progression within 
5 years [35]. These observations point to the fact 
that volume alone cannot predict the biological 
behavior of such lesions and is therefore neces-
sary to take other factors into account. This raises 
the critical issue that not all index lesions are 
clinically significant and not all clinically signifi-
cant lesions are index lesions.

On the issue of clinical significance, it is 
increasingly clear that Gleason score 6 has very 
low metastatic potential. In relation to Gleason 6 
disease and its biological potential, Eggener et al. 
demonstrated that of 9775 men who had only 
Gleason 6 low-risk disease in radical whole- 
mount prostatectomy specimens, only 3 died of 
prostate cancer in a 15-year period [36]. Such a 
small number cannot be fully accounted for by 
the success of surgery itself, and indeed these 
cases were found to harbor Gleason pattern 4 

Fig. 8.2 Diagram depicting the index and non-index 
lesions or satellites. The index lesion is the tumor foci, 
which contain most of the cancer burden
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upon the second review. Another group showed 
similar findings with biochemical recurrence in a 
smaller cohort of men [37]. These clinical find-
ings support the hypothesis that Gleason 6 dis-
ease could be considered nonmalignant and 
perhaps can be safely ignored [38]. Furthermore, 
Ross et al. reviewed 14,123 cases with initial 
diagnosis of Gleason ≤6 and found 22 patients 
with lymph node metastasis [39]. On review of 
the pathology, 19 of these had higher grade than 
initially graded (3 were not available for assess-
ment). In conclusion there was not a single case 
of a Gleason score ≤6 tumor with lymph node 
metastases. As a result of these data, many [39] 
are now starting a debate as to whether Gleason 6 
cases should be labeled as something other than 
malignant [38].

 Is Multifocal Prostate Cancer 
Polyclonal or Monoclonal?

Cancerous cells can develop in a monoclonal or 
polyclonal fashion (Fig. 8.3). The monoclonal 
hypothesis suggests that a single precursor cell 
spreads through the prostate with the metastatic 
malignant cells sharing a common ancestor and 
therefore exhibiting some common early genetic 
alterations. A large number of genetic alterations 
are expressed in human cancers, and the majority 
of these changes are passenger events [40], which 
do not initiate cancer, but are a product of cancer 
evolution. Therefore, it is unlikely that all cancer 
subclones will harbor the same changes. Boyd 
et al. hypothesized that malignant cells may 
spread, giving rise to topographically distinct, yet 
genetically related tumor foci. They analyzed 48 
microdissected cancers and high-grade prostatic 
intraepithelial neoplasia (HGPIN) foci from 18 
cases and performed genome-wide copy-number 
analysis, finding that all tumors shared a common 
origin with a high degree of concordance with 
HGPIN foci [41]. Other researchers have also 
demonstrated a common cell of origin in meta-
static prostate cancer [42, 43]. Lin et al. found 
that in primary prostate tumors metastatic poten-
tial can be confined to a minority of cancer cells. 
They used pieces of tissue from different foci of 

a patient’s primary prostate tumor that were 
grafted into subrenal capsules of nonobese dia-
betic/severe combined immunodeficiency (NOD/
SCID) mice, and transplantable tumor sublines 
were established by serial passage. The meta-
static ability of each subline was tested via ortho-
topic grafting into mice [44].

Liu et al. found that prostate cancer metastatic 
deposits in individual men have a monoclonal 
origin in most cases through an elegant autopsy 
study [42]. Although the question of whether the 
metastatic clone was derived from and situated in 

Fig. 8.3 Schematic representation of the monoclonal and 
polyclonal theory
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the index lesion was not addressed by the authors, 
it seems likely that the precursor cells are found 
in the index lesion, considering the pathological 
characteristics.

The polyclonal hypothesis on the other side 
proposes a “field effect” [14] where early molec-
ular changes may stimulate independent develop-
ment of several tumor foci that will exhibit few 
similarities in their molecular profile. This prop-
osition is supported by the genetic diversity 
observed in cancer foci from the same prostate 
[8, 9, 45–47] and premalignant lesions [14]. 
TMPRSS2-ERG fusion is detected in HGPIN, 
indicating it may be an early event [48], with dif-
ferent tumor foci exhibiting discordance in the 
fusion pattern and status suggesting different 
clonal origin [49] and intrahomogeneity in indi-
vidual foci [50]. Nonetheless, the clonal origin of 
a tumor cell cannot be determined by a single 
fusion event, and several of the previous studies 
supporting the polyclonal origin of prostate can-
cer have studied a limited number of markers [9, 
14, 49, 51] that cannot alone rule out the mono-
clonal hypothesis. Lindberg et al. analyzed intra-
prostatic tumor heterogeneity using whole-exome 
sequencing of multiple tumors from the same 
prostate in four men, targeting 180,000 protein- 
coding exomes on ten tumor samples [52]. Three 
patients displayed cancer in multiple foci with no 
apparent common somatic denominator [52].

New evidence has shown clonal expansions in 
morphologically normal prostate, providing evi-
dence of a field effect where a background of 
genetic abnormalities provides a background 
against which prostate cancer develops [53]. In 
this study Cooper et al. analyzed three represen-
tative ERG mapped prostate cancers and per-
formed parallel DNA sequencing on 12 cancer 
samples and three morphologically normal pros-
tate areas. Remarkably, mutations were present at 
high levels in distant benign tissue, with some 
mutations shared between different ERG lineages 
indicating early or separate clonal expansions. 
Based on these findings, focal therapy has a place 
if normal tissue surrounding prostate cancer is 
also ablated.

Caution must be advised as so far the evidence 
regarding the origin of prostate cancer is conflict-

ing. Therefore, one theory does not exclude the 
other. One proposition is that different patterns of 
allelic loss among multifocal tumors may simply 
be the result of clonal divergence after intralumi-
nal spread rather than true oligoclonality [54]. 
Boutros et al. examined the genomic profile of 74 
prostate cancer specimens derived from patients 
with Gleason 7 disease [55]. They confirmed 
known abnormalities in several cancer-associated 
genes such as the MYC oncogene. Those patients 
with MYC aberrations, specifically of the 
L-MYC family member, were associated with 
higher genomic instability. Interestingly, those 
aberrations may be preferentially localized to the 
index lesion [55].

It is possible that, at least in some cases, both 
field effect and monoclonal tumor expansion and 
intraglandular metastases may coexist. The 
monoclonal origin of metastatic prostate cancer 
has given fresh impetus to the idea of focal ther-
apy for the majority of men who have multifocal, 
bilateral disease in which only the clinically sig-
nificant lesion might be ablated [56]. Obviously, 
the concept of cancer that is “biologically unifo-
cal” appears attractive when considering focal 
therapy. However, the previously mentioned 
studies underlying the potential clinical signifi-
cance of satellite lesions suggest that even small 
secondary foci may require treatment in some 
patients. Therefore, advocacy of subtotal treat-
ment with the knowledge that smaller secondary 
foci remain untreated continues to be controver-
sial at present. At the very least, the only way to 
answer the questions is to set up natural history 
experiments (focal therapy cohorts) with surveil-
lance strategies incorporating the fact that some 
untreated areas will show progression or de novo 
development of new lesions.

 What Is the Clinical Significance 
of Multifocality?

While a small secondary lesion might be clini-
cally insignificant, multifocality per se may con-
stitute a surrogate prognostic factor independent 
of the volume of the index and secondary tumors. 
The presence of multiple tumors within the same 
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gland may reflect genetic instability that allows 
for accelerated disease progression. Rice et al. 
found that patients with a single focus adenocar-
cinoma had statistically higher rates of positive 
surgical margins, Gleason score 8–10 disease, 
and biochemical recurrence than those who had 
multifocal disease [57]. In an autopsy study of 
264 prostates from men who died of diseases 
other than prostate cancer, another group found 
no significant difference with respect to total 
tumor volume, capsular penetration, and perineu-
ral or vascular invasion of multifocal compared 
with unifocal tumors [58].

In addition, several studies have shown that 
PSA-free survival is associated with only the index 
cancer and not with tumor multifocality [4, 59].

Treatment of such lesions by focal therapy 
might provide cure. However, in most cases 
where multifocality exists, close monitoring of 
the secondary tumors for early signs of progres-
sion may be the cornerstone of successful focal 
treatment. Much of the original evidence sup-
porting the use of active surveillance might con-
ceptually be applied to focal therapy. Clinical 
experience with active surveillance now suggests 
there is an estimated risk of metastasis of <1 % at 
2–8 years [60–62], and disease-specific mortality 
is 1 % at 8 years while on surveillance.

There are several active ongoing surveillance 
cohorts in the literature, as of yet none of them 
offer >15 years follow-up, but preliminary results 
are encouraging enough for clinical guidelines to 
recommend active surveillance as standard care. 
Klotz et al. [63] reported a median follow-up of 
6.8 years (range 1–13 years) of 450 patients with 
a reported 10-year cancer-specific survival rate of 
97.2 %. Although there was no difference in over-
all survival between patients who remained on 
surveillance and those who were reclassified and 
treated radically, half of the men who underwent 
radical treatment experienced biochemical fail-
ure. This is likely as a result of selection bias of 
cases that progressed rather than demonstrating 
that selective delayed interventions confer less 
success. All prostate cancer-related mortality 
occurred in men who had been reclassified as 
higher risk and who were offered radical treat-
ment. However, only one patient in this series 

who was treated after a relatively prolonged 
period of observation subsequently experienced 
progression to metastatic disease and death. 
Therefore, it is likely that reclassification of dis-
ease risk and subsequent radical treatment reflects 
under-sampling of the prostate rather than true 
progression. This observation highlights the 
necessity to incorporate innovative imaging tools 
such as magnetic resonance imaging (MRI) and 
template biopsy in the selection and monitoring of 
patients undergoing active surveillance [64, 65]. 
Warlick et al. found that delayed curative intent in 
patients under an active surveillance protocol for 
small, low-grade prostate cancer compared to 
immediate treatment was not associated with the 
risk of incurable cancer [66]. It seems that patients 
with small-volume, low-grade cancer monitored 
with a rigorous protocol for disease progression 
have the same risk of incurable prostate cancer for 
at least 2 years after diagnosis as patients who 
received immediate prostate cancer surgery. 
Therefore, one could argue that if it is safe to 
undergo surveillance in some carefully selected 
men (on the basis of repeat biopsy, PSA kinetics, 
and findings on digital rectal examination and 
MRI of the prostate), the same strategy could be 
applied to secondary tumors after index ablation.

Results from PIVOT (Prostate Cancer 
Intervention Versus Observation Trial) showed 
similar results after a 10-year follow-up in the 
early PSA era [67]. This is in contrast with find-
ings by Bill-Axelson et al. who reported at 
18 years of follow-up that approximately 60 % of 
men had disease progression (with or without 
confirmed metastases) on watchful waiting com-
pared to 40 % in the radical prostatectomy group 
[68]. They also observed a significant absolute 
reduction in the rate of death from any cause and 
the rate of death from prostate cancer, and the 
risk of metastases in the radical prostatectomy 
group continued after up to 23.2 years of follow-
 up, with no evidence that these benefits dimin-
ished over time. It is important to note that this 
cohort was recruited from an era before the PSA 
screening and most of the patients in this cohort 
were high risk with likely locally advanced and 
even micrometastases at the time of diagnosis in 
contrast to the PIVOT trial.
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 Conclusion

Although the goal of focal therapy for prostate 
cancer is to selectively ablate known disease, it 
should be remembered that a field effect might 
occur; that is, neoplastic or paraneoplastic cells 
exist in the apparently histologically normal field 
adjacent to the tumor. Genetic alteration and 
molecular changes have been found in normal- 
appearing prostate tissue adjacent to tumor, con-
sistent with the possibility of a field effect [53]. 
This finding seems to be dependent on the dis-
tance from the cancer focus but not in a linear 
fashion [69–71]. Although these studies theoreti-
cally suggest that the concept of focal ablation of 
the tumor area requires cautious robust study, cur-
rent evidence suggests the field effect occurs in 
the immediate vicinity of the cancer focus and 
therefore an adequate margin around the cancer 
could be incorporated into treatment together 
with the lesion. The field effect concept is 
accepted in the treatment of other solid organ can-
cers with the use of adjuvant therapy to the 
remaining tissue (low-dose radiotherapy after 
wide local excision in breast cancer) and surveil-
lance on a regular basis (mammography for breast 
cancer, CT for kidney cancer). Surveillance for 
untreated prostate cancer has been developed for-
mally within active surveillance cohort studies, 
and similar principals may apply to untreated tis-
sue harboring no clinically significant cancer.
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 Introduction

Risk stratification is necessary for determining 
the proper management of prostate cancer. 
Current risk stratification of prostate cancer 
depends heavily on prostate-specific antigen 
(PSA) and Gleason scoring of biopsy cores. 
Nonetheless, such techniques may not distin-
guish true low-risk prostate cancer from the 
aggressive prostate cancers that are merely 
detected early in their course of disease in certain 
cases. Advances in molecular genetics have 
yielded multiple biopsy-based genomic assays 
that could supplement the diagnostic ability of 
these more commonly utilized methods. This 
chapter investigates the limitations of PSA and 
biopsy Gleason scoring, provides a conceptual 
overview of biopsy-based genomic markers and 
their inclusion in current guidelines, and reports 

the evidence and recommendations of the more 
common genomic tests available.

 Current Risk-Stratification Methods

 The Road to Risk Stratification: 
The Prostate-Specific Antigen 
Controversy and Aggressive Early- 
Stage Cancer

The incidence of prostate cancer dramatically 
increased with the advent of PSA screening from 
the late 1980s through early 1990s [1, 2]. Despite 
decreasing incidence of prostate cancer since 
peak incidence in 1992 [2], prostate cancer 
remains the most common type of cancer among 
men in the United States and is the second- 
leading cause of cancer-specific mortality in the 
country [3].

PSA screening has been criticized for overdi-
agnosing men with indolent prostate cancer, with 
different models reporting that 23 % to 84 % of 
prostate cancers previously diagnosed by routine 
PSA screening are overdiagnoses [4–6]. As such, 
the 2012 United States Preventive Services Task 
Force recommended against PSA screening 
(Grade D), citing that the harms from overdiag-
nosis and overtreatment outweigh potential ben-
efits of earlier diagnoses [7]. Meanwhile, the 
American Urological Association (AUA), 
American Cancer Society, and American College 
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of Physicians all indicate patient-physician joint 
decision-making when considering PSA testing 
for men 55–69 years old, with emphasis on 
patient preferences and values [8–10].

However, evidence suggests that a specific 
subset of early-stage prostate cancer is aggres-
sive. As early as 2002, a randomized controlled 
trial enlisting 695 patients with early-stage dis-
ease showed that patients undergoing radical 
prostatectomy (RP) had significantly reduced 
prostate cancer-specific mortality (PCSM) at 
median 6.2 years follow-up [11], which held 
true at 12.8 years follow-up compared to men 
treated with watchful waiting [12]. In another 
study with 223 men initially diagnosed with 
early-stage prostate cancer but not treated, 17 % 
eventually progressed to metastatic disease on 
long-term follow-up. While PCSM was 15 per 
1000 person- years within 15 years of cancer 
diagnosis, it nearly tripled to 44 per 1000 per-
son-years beyond 15-year follow-up [13]. 
Indeed, models have predicted that 22–66 % of 
prostate cancers in men ages 55–69 could pos-
sibly progress in Gleason scoring even during 
the indolent phase, with the risk of progression 
increasing with age [14].

As such, it is imperative to properly risk- 
stratify patients with prostate cancer to determine 
the optimal management course at the individual 
level. In the subset of patients whose prostate 
cancer is aggressive, early-stage diagnosis fol-
lowed by treatment could spare the patient from 
the 20 % 10-year mortality risk that men initially 
diagnosed with high-risk prostate cancer face 
[15]. However, the morbidities of treatment are 
such that overtreatment is to be avoided [7].

 The Limitations of Contemporary 
Biopsy Gleason Scoring

Modern prostate cancer risk stratification depends 
heavily on the biopsy Gleason score, a useful but 
imperfect system. As mentioned, a subset of 
patients with aggressive cancers will have dis-
ease progression after the initial biopsy diagno-
sis. While certain studies have shown that 
biopsy-diagnosed D’Amico low-risk diseases are 

at increased risk for biochemical recurrence if 
prostatectomy is delayed for more than 5 months 
compared with low-risk patients who chose 
immediate prostatectomy [16–18], other reports 
have not shown such a difference [19–21]. Given 
the lack of clear literature on disease progression, 
further information would be helpful when coun-
seling individual patients.

Of patients initially diagnosed with Gleason 
≤6 on biopsy who chose radical prostatectomy, 
between 16.9 % and 43.5 % of patients are 
upgraded to Gleason ≥7 on surgical pathology 
[22–26]. Certain studies report that patients 
whose pathology was upgraded from Gleason 
3+3 on biopsy to Gleason 3+4 on surgical pathol-
ogy had similar pathological characteristics and 
risk for biochemical recurrence, while those 
upgraded to Gleason 4+3 also had increased 
likelihood of adverse pathology and risk of bio-
chemical recurrence [24]. Other studies report 
that any upgrading places men at higher risk of 
adverse pathology and biochemical recurrence 
[27]. These results suggest that a considerable 
number of patients currently on active surveil-
lance after being risk-stratified actually have 
undergraded cancers that may render them not 
ideal candidates for surveillance. These patients 
are being undertreated and are at increased risk 
of mortality.

Biopsies may also underestimate the impact 
race has on prostate cancer prognosis. African- 
American men have more aggressive prostate 
cancer than men of other races. African-
American men on active surveillance are more 
likely to have Gleason upgrading on repeated 
biopsies [28, 29] and discontinuation of sur-
veillance for treatment [30]. African-American 
men who chose prostatectomy after being 
biopsy- diagnosed with Gleason 3+3 are more 
likely to have disease upgrading at prostatec-
tomy (27.7 % vs 14.4 %) and adverse pathology 
on surgical specimen [29] than their Caucasian 
counterparts. Nonetheless, both studies show 
that African- American men who are under-
graded at biopsy are still a (sizable) minority. 
Molecular markers could further individualize 
results for these men who may be genetically 
predisposed to aggressive cancer.
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Finally, the changes to Gleason scoring made 
under the 2005 International Society of 
Urological Pathology (ISUP) modified Gleason 
system may be leading to overdiagnosis of pros-
tate cancer. In general, the 2005 ISUP decreases 
diagnoses of Gleason pattern 3 while increasing 
the diagnoses of Gleason pattern 4 Consequently, 
there has been Gleason upgrading among both 
biopsy and surgical specimens. Biopsy-diagnosed 
Gleason 6 has decreased from 48–68 % of all 
diagnoses under pre-2005 classifications to 
22–49 %, while biopsy-diagnosed Gleason 7 has 
increased from 25 % to 39–68 % [31]. This may 
be leading to certain men otherwise eligible for 
active surveillance being overtreated.

 Contemporary Diagnostic Aids

Despite imperfections of PSA and biopsy 
Gleason scoring, current risk-stratification tools 
depend heavily on PSA and its derivatives (i.e., 
PSA velocity, % free PSA, PSA density), biopsy 
information (i.e., Gleason score, % positive 
biopsy cores, % cancer in cores), and clinical 
T-staging to determine management [32]. The 
numerous methods created to assist in predicting 
prostate cancer outcomes can be broadly classi-
fied as risk groupings, probability nomograms, 
probability graphs, and neural networks [32].

Among the more popular classification aids 
are the D’Amico criteria, the University of 
California San Francisco (UCSF) Cancer of the 
Prostate Risk Assessment (CAPRA) score, and 
the Kattan nomogram. The D’Amico criteria 
classify prostate cancer into low-, intermediate-, 
and high-risk groups using PSA, combined 
Gleason score, and clinical staging [33]. It has 
since become the standard of care for risk- 
stratifying prostate cancer and has been adopted 
and modified by the AUA, European Association 
of Urology (EAU), and the National 
Comprehensive Cancer Network (NCCN). The 
UCSF-CAPRA scores disease on a 0–10 scale to 
estimate cancer recurrence-free survival after 
prostatectomy using PSA, biopsy Gleason 
score, clinical T-stage, percent positive biopsy, 
and age [34]. There are multiple iterations of 

Kattan-type nomograms that incorporate biopsy 
Gleason grade, PSA, clinical stage, percent and 
amount of biopsy cores that are cancerous and 
noncancerous, prostate volume on ultrasound, 
and more to predict a variety of prostate cancer 
outcomes [35].

 Genomic Biomarkers

 Overview

Conceptually, a biomarker is an indicator of a 
physiological state. They serve as proxies when 
determining and monitoring normal physiologic 
states, disease states, and efficacy of treatment 
interventions. Because cancer cells have abnor-
mally regulated cellular processes, there are 
many potential biomarkers to distinguish them-
selves from noncancerous cells. Potential genetic 
mutations include single nucleotide or oligonu-
cleotide mutations, changes in gene expression, 
abnormal copy numbers, gene fusions, abnormal 
DNA methylation, and microRNA deregulation 
[36]. These abnormalities can trigger (1) continu-
ous growth signaling, (2) defying apoptosis, (3) 
permanent replication ability, (4) ignoring growth 
inhibitors, (5) increased angiogenesis, and (6) 
metastasis from origin that define the “hallmark 
capabilities” of cancer [37].

Prostate cancer genomic biomarkers utilize 
mutations in DNA and RNA to differentiate can-
cer from noncancer and to determine the aggres-
siveness of cancer. Various methodologies 
include reverse transcription-polymerase chain 
reaction (RT-PCR), RNA microarray, immuno-
histochemistry (IHC), enzyme-linked immuno-
sorbent assay (ELISA), and more.

Biopsy-based biomarkers can provide addi-
tional information to complement the use of 
PSA, biopsy Gleason scoring, and other tradi-
tional measurements. These markers could be 
useful when biopsy pathologies are unclear as to 
treatment recommendations, when more tradi-
tional variables have conflicting implications, or 
when patient preferences are indecisive. They 
can help appropriately risk-stratify patients, 
thereby aiding proper management.
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Canfield et al. provides a convenient frame-
work toward assessing molecular diagnostic 
assays [38]. There are four major aspects to 
assess biomarkers for:

 1. The actual genetic paths or mutations that the 
test analyzes

 2. The clinical requirements and indications of 
the test

 3. The type of test, amount of tissue, and cost of 
test

 4. That the test has been properly validated. 
There are three types of validation that must 
be addressed:
 (a) Analytic validation: The assay is repeat-

able, precise, and accurate.
 (b) Clinical validation: The assay results are 

strongly correlated with clinically impor-
tant outcomes such as patient mortality, 
clinical recurrence, or adverse pathology.

 (c) Clinical utility: The assay profoundly 
impacts patient-physician decision- 
making and improves patient outcomes.

 Clinical Guidelines

At the time of this writing (March 2016), biopsy- 
based molecular biomarkers are not incorporated 
as a standard-of-care diagnostic test for risk strat-
ification of prostate cancer and will require more 
evidence before they are.

• NCCN Prostate Cancer guidelines state that 
“molecular (or biomarker) testing can be used 
with risk groups and nomograms to predict 
how aggressive prostate cancer will be.” Only 
two molecular genetics tests are mentioned 
(Prolaris and Oncotype), citing that while they 
have been more researched and utilized than 
other tests, “more research is needed” [39].

• The AUA guidelines for prostate cancer detec-
tion only briefly mention molecular biomark-
ers and in a general sense [8]. Examples 
include “the literature supporting the efficacy 
of DRE and biomarkers other than PSA for 
screening average risk men provided minimal 
evidence to draw conclusions” and “in the 

future it is possible that individuals at high 
risk of developing a lethal prostate cancer phe-
notype may be identifiable at an early age 
through genetic testing and/or new 
biomarkers.”

• The 2015 update to the EAU Prostate Cancer 
guidelines discusses PSA and prostate cancer 
antigen 3 (PCA3) urine biomarker but also 
states that “additional potential biomarkers 
have not been sufficiently studied to demon-
strate their additional prognostic value and 
clinical usefulness outside the standard patient 
care setting” [40].

 Regulatory Guidelines

The US Food and Drug Administration (FDA) 
and the Centers for Medicare & Medicaid 
Services (CMS) regulate all molecular genetics 
testing. Canfield et al. explain that “laboratory- 
developed assays (in vitro tests developed, vali-
dated, and performed in-house by a specific 
reference laboratory) are required to abide by the 
Clinical Laboratory Improvement Amendments 
of 1988, which are administered by CMS. CLIA 
aims to ensure reliability and accuracy of test 
results and establish quality standards for all lab-
oratory testing” [38].

All three validation components (analytical 
validation, clinical validation, and clinical utility) 
are typically required for a test to be reimbursed 
by insurance payers [38]. Medicare reimburse-
ment for services is done through Medicare 
Administrative Contractors (MAC) and private 
health insurers that process claims with geo-
graphic or treatment type authority [41, 42].

At the time of writing, the MAC responsible 
for molecular diagnostic tests has drafted deter-
mination for Medicare coverage for two biopsy- 
based molecular genetics tests that could be used 
to further clinically risk-stratify patients: Prolaris 
and Oncotype DX. Medicare reimburses both 
Prolaris [43] and Oncotype DX [44] in very low- 
risk and low-risk prostate cancer for determining 
active surveillance or immediate treatment.

In addition, Medicare also reimburses Decipher 
for postsurgical intermediate-risk and high-risk 
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specimen [45] as well as ConfirmMDx in nega-
tive biopsies. While not specifically utilized for 
risk stratification of men already diagnosed with 
prostate cancer, ConfirmMDx measures DNA 
methylation that could indicate the presence of 
nearby prostate cancer even if the biopsy sample 
is not cancerous and could potentially lead to 
more focused sampling on repeat biopsy or 
decreased repeat biopsy frequency [42].

 Example Situations

The following are abstracted clinical situations in 
which a biopsy-based genomic assay may be use-
ful in determining the aggressiveness of the can-
cer, thereby assisting the physician’s 
recommendations and patient’s decision on how 
to proceed with disease management.

• A 60-year-old   PSA <10 ng/mL is diagnosed 
with Gleason 6 prostate cancer. Despite coun-
seling that treatment does not significantly 
decrease mortality in patients diagnosed with 
Gleason 6 disease and PSA <10 ng/mL [46], 
the man remains very nervous if his prostate 
cancer is an aggressive variant. He states that 
if it is an aggressive cancer, he prefers treat-
ment now at his current good health than if he 
waits and his health declines.

• A 60-year-old African-American man in good 
health with PSA <10 ng/mL is diagnosed with 
Gleason 6 prostate cancer. While he has a 
slight preference for active surveillance, he 
understands that African-Americans may have 
more aggressive disease and seriously ques-

tions if his risk is actually higher than his PSA 
and Gleason score suggests.

• A 70-year-old man with history of managed 
cardiovascular disease is diagnosed with 
Gleason 7 disease. He is unsure whether the 
prostate cancer or the cardiovascular disease 
poses the greater risk to his life. He is averse to 
radiation and is reluctant to proceed with radi-
ation therapy unless it is absolutely necessary.

• An 80-year-old man with Gleason 7 cancer 
was previously recommended watchful wait-
ing. His overall health suggests a life expec-
tancy of approximately another 10 years. He is 
extremely anxious about his prostate cancer 
even after counseling, but would not like 
unnecessary treatment.

 Commercial Biopsy-Based Risk- 
Stratification Assays

Multiple biopsy-based genomic assays are cur-
rently in use (Table 9.1) [47]. They utilize 
formalin- fixed, paraffin-embedded tissue sam-
ples that are the standard method for preserving 
biopsy cores.

 Prolaris

 Overview
Prolaris (Myriad, Salt Lake City, UT, USA) is an 
RT-PCR assay designed for assessing (1) biopsy 
tissue from men with any risk disease to help deter-
mine active surveillance status, immediate treat-
ment, and treatment intensity and (2) prostatectomy 

Table 9.1 Simplified table of biopsy-based molecular tests available for prostate cancer [47]

Test Molecular type Clinical recommendation CMS approval

Prolaris RT-PCR Watchful waiting Yes

Oncotype DX RT-PCR Active surveillance Yes

Decipher RNA microarray Adjuvant treatment Yes—adjuvant 
treatment only

ProMark Proteomic Active surveillance No

Ki-67 IHC Watchful waiting No

PTEN IHC Active surveillance No

RT-PCR reverse transcription-polymerase chain reaction, IHC immunohistochemistry, PTEN phosphatase and tensin 
homolog
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specimen to help estimate the risk of biochemical 
recurrence. The assay measures the expression of 
cell cycle progression (CCP) genes, whose produc-
tion levels reflect the rate of growth of tumors and 
indirectly tumor aggression. From 126 CCP genes, 
31 genes that together represented the best correla-
tion to the mean expression level of the entire 126 
gene cohort were selected [48].

The CCP score correlates with the expected 
aggressiveness of the prostate cancer given its 
Gleason score [48]. In general, CCP scores less 
than −1.0 correlate with cancer that is less 
aggressive than expected given the biopsy 
Gleason score, CCP scores between −1.0 and 0 
correlate cancer that is of expected aggressive-
ness with cancer of expected aggressiveness, and 
CCP scores greater than 0 correlate with cancer 
that is more aggressive than expected. Prolaris 
also measures the 10-year PCSM risk, with lower 
CCP scores corresponding to lower risk of 
10-year PCSM [49].

 Validation
Prolaris has been comparatively well studied 
(Table 9.2) [48, 50–53]. For its initial clinical 
validation, 336 men treated with prostatectomy 
between 1985 and 1995 and 337 men diagnosed 
with prostate cancer by transurethral resection of 
the prostate (TURP) between 1990 and 1996 
were tested [48]. The CCP score predicted bio-
chemical recurrence after prostatectomy (hazard 

ratio = 1.74, p = 3.3 × 10−6) and prostate cancer- 
specific mortality after TURP but without addi-
tional treatments (hazard ratio = 2.92, 
p = 6.1 × 10−22). Other studies have shown that 
each unit increase in CCP had hazard ratio for 
biochemical recurrence of 2.1 [50] and 1.60 [51] 
in prostatectomy patients. Prolaris is also the 
only test studied in biopsies to predict biochemi-
cal recurrence in patients treated with radiation 
therapy, with hazard ratio of 2.55 [52]. CCP score 
was also associated with 10-year prostate cancer- 
specific mortality (p = 0.13) [52] and metastatic 
disease (hazard ratio = 4.19, p = 8.2 × 10−6) [51].

Clinically, Prolaris was shown to change treat-
ment in 47.8 % of patients. Of patients whose 
treatments were changed, 72.1 % were reduc-
tions and 26.9 % were increased treatment. The 
number of treatments per patient (i.e., prostatec-
tomy, radiation therapy, androgen deprivation 
therapy) decreased with the test (1.72 to 1.16), 
and percent of treatment recommendations rec-
ommending multiple treatments decreased 
(31.6 % to 12.9 %). There was increase in pri-
mary and adjuvant androgen deprivation therapy, 
attributed to increased use in AUA high-risk cat-
egories [53].

 Recommendation
Prolaris has been CMS-approved for Medicare 
reimbursement in determining active surveillance 
or immediate treatment in low-risk and very low- 
risk disease. Expert opinion also suggests that 
Prolaris may be useful in determining watchful 
waiting in men with limited life expectancy to 
reduce anxiety and that treatment of certain 
intermediate- risk and high-risk disease could 
nonetheless prolong life [53].

 Oncotype

 Overview
Oncotype DX Genomic Prostate Score (GPS) 
(Genomic Health, Redwood City, CA, USA) is a 
RT-PCR assay designed for assessing biopsy tis-
sue in men with low-risk or intermediate-risk dis-
ease considering active surveillance or treatment. 
From originally screening 772 genetic markers 

Table 9.2 Select studies investigating Prolaris

Study Major outcomes

Cuzick et al. 
(2011) [48]

31 genes combined into CCP 
score

CCP predicts biochemical 
recurrence and PCSM

Cooperberg et al. 
(2013) [50]

CCP predicts biochemical 
recurrence

Bishoff et al. 
(2014) [51]

CCP associated with biochemical 
recurrence and metastatic disease

Freedland et al. 
(2013) [52]

CCP associated with biochemical 
recurrence and 10-year PCSM

Shore et al. 
(2015) [53]

CCP changed treatment decisions 
and generally decreased severity 
of interventions recommended

CCP cell cycle progression, PCSM prostate cancer- 
specific mortality
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for prostate cancer, Oncotype DX GPS ultimately 
chose 12 genes related to cancer and five genes 
for reference. These genes can be broadly classi-
fied into four categories: androgen response, stro-
mal response, cellular organization, and 
proliferation [54].

The Oncotype DX GPS assay is scored on a 
0–100 scale, with secondary correlations to 
NCCN risk stratification and to likelihood of 
favorable pathology. Thus, a lower GPS score 
would also correspond to higher chance of favor-
able pathology and likelihood of being stratified 
into the very low-risk or low-risk categories.

 Validation
In 395 men with low-risk or intermediate-risk PC 
and underwent prostatectomy, a 20-point increase 
in GPS was associated with statistically signifi-
cant increased adverse pathology on prostatec-
tomy in an MVA model with CAPRA (odds ratio 
~0.21, 95 % CI 1.4–3.2) (Table 9.3). Of this 
cohort, 31 % were diagnosed with high-grade 
(primary Gleason 4 or any Gleason 5) or non- 
organ confined disease at RP, and high GPS score 
was a predictor of such parameters [55].

Another study investigated biopsies from 402 
men with low- or intermediate-risk cancer with 
the objective of predicting adverse pathology and 
biochemical recurrence after prostatectomy 
(Table 9.3). On multivariable analysis, GPS was 
associated with adverse pathology (odds 
ratio = 2.7, 95 % CI 1.77–4.36) and indepen-
dently predictive of biochemical recurrence. 
Univariate analysis showed that a 20-point GPS 

correlated with increased hazard ratio of 2.9 for 
biochemical recurrence [56].

Clinically, Oncotype DX GPS was shown to 
change the risk stratification of 21 % of biopsy- 
diagnosed prostate cancer in a cohort of 115 men 
(Table 9.3). While 46 % of men diagnosed with 
NCCN low-risk disease were changed, 44 % of 
those changes were to NCCN very-low risk. 
Where risk stratification was changed, treatment 
recommendations were typically altered and 
were accepted by patients [57].

 Recommendation
Oncotype DX GPS has been CMS-approved for 
Medicare reimbursement for patients with very 
low-risk or low-risk disease [44]. Expert opinion 
has suggested Oncotype DX could be used for 
stratifying patients with low- or intermediate-risk 
disease into either active surveillance or treat-
ment cohorts depending on GPS score. It has also 
been suggested that Oncotype-detected less 
aggressive tumors could have less frequent sur-
veillance biopsies [47].

 Decipher

 Overview
Decipher (GenomeDX Biosciences, San Diego, 
CA, USA, and Vancouver, British Columbia, 
Canada) is an RNA microarray assay currently 
utilized for determining risk of metastasis and the 
necessity of adjuvant or salvage treatment after 
prostatectomy for patients whose surgical pathol-
ogy indicates intermediate- or high-risk Gleason 
score or has adverse pathology. Recent efforts 
have also focused on validating Decipher for 
biopsy sampling. From an initial 545 patients, 
RNA microarrays looked at 1.4 million “probe 
selection regions” to create a “genomic classi-
fier” score predicting risk of metastasis and over-
all survival [58].

Decipher provides a 5-year metastatic proba-
bility after prostatectomy between 0 % and 
100 %. Low risk of metastasis is considered 
<4 %, average risk of metastasis is 4–9 %, and 
high risk of metastasis is considered >9 %. 
Secondary correlation is a relative risk compared 

Table 9.3 Select studies investigating Oncotype DX 
GPS

Study Major outcomes

Klein et al. 
(2014) [55]

17 genes combined into GPS 
algorithm
GPS predicts high-grade and 
high-stage disease

Cullen et al. 
(2015) [56]

GPS predicts time to BCR and time 
to metastasis

Kartha et al. 
(2014) [57]

GPS changed risk stratification and 
impacted clinical management

GPS genomic prostate score, BCR biochemical 
recurrence
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with the average patient with adverse pathology 
(extracapsular extension, lymph node invasion, 
seminal vesicle invasion, positive margins, and 
biochemical recurrence), combined Gleason ≥7, 
or tertiary Gleason 5 pattern.

 Validation
Decipher has been well-validated primarily in 
prostatectomy specimen for post-prostatectomy 
decision-making [58–60]. Multiple studies have 
shown Decipher to robustly correlate with bio-
chemical recurrence, 5- and 10-year metastatic 
risk, and PCSM in post-prostatectomy patients 
and can be used in patients with biochemical 
recurrence to help discern those who most need 
salvage treatment [59]. Moreover, it is predic-
tive of metastatic risk even after salvage radia-
tion, with every 0.1 unit increase in Decipher 
score corresponding to a 1.58 hazard ratio for 
metastasis [60].

Recent efforts have begun to focus on its 
efficacy in biopsy specimen (Table 9.4). In its 
first Decipher biopsy validation study with 57 
patients, 66.6 % of NCCN intermediate-risk 
pathologies were reclassified as lower or higher 
Decipher risk (48.1 % lower Decipher risk, 
18.5 % higher Decipher risk). Decipher on 
biopsy specimen was a significant independent 
predictor of 10-year post-RP metastasis, and 
combined Decipher and NCCN guidelines had 
improved predictive ability of metastasis within 
10 years of RP compared with NCCN guide-
lines alone (c-index 0.88 vs 0.75) [61]. This 
improvement in predictive accuracy is largest 
in Decipher compared with Prolaris or Oncotype 
DX GPS. Combined Prolaris and CAPRA-S 
score yielded c-index of 0.77 as compared to 

c-index of 0.73 for CAPRA-S alone for predict-
ing 10-year biochemical recurrence after pros-
tatectomy [50]. Combined Oncotype DX GPS 
and NCCN risk improved c-index from 0.59 to 
0.68 compared with NCCN risk alone for pre-
dicting 5-year biochemical recurrence after 
prostatectomy [56].

 Recommendation
Decipher has been CMS-approved for Medicare 
reimbursement for post-prostatectomy patients 
whose specimens have adverse pathology, but 
has not been approved for use on biopsy cores to 
risk-stratify patients before intervention yet. 
Decipher is currently recommended only for ana-
lyzing biochemical, clinical, and metastatic 
recurrence after radical prostatectomy. As such, 
expert opinion indicates it may be useful for 
determining adjuvant radiation status at this time. 
However, efforts are being made to expand 
Decipher into biopsy-based risk stratification.

 ProMark

 Overview
ProMark (Metamark, Cambridge, MA, USA) 
is a proteomic assay designed to compensate 
for the sampling error inherent in all biopsy 
samples while also predicting prostate cancer 
aggressiveness. From 160 candidates, 12 genes 
were initially selected to predict surgical 
Gleason score, tumor-node-metastasis (TNM) 
staging, and mortality. These genes represented 
processes as diverse as protein degradation, 
cell proliferation, protein synthesis, apoptosis, 
and pre-mRNA splicing and were present in 
both high-Gleason and low-Gleason samples 
[62]. They were further refined to eight pro-
teomic markers [63].

ProMark provides end point data on likeli-
hood of favorable pathology (surgical Gleason 
≤7 and ≤T2) and Gleason 6 (surgical Gleason 
3+3 and ≤T3a). ProMark has a score range 
from 0 to 1. Scores <0.33 suggest increased 
likelihood of favorable pathology, while scores >0.80 
suggest increased likelihood of non- favorable 
pathology.

Table 9.4 Select studies investigating Decipher

Study Major outcomes

Erho et al. 
(2013) [58]

1.4 million RNA “probe selection 
regions” combine to form a “genomic 
classifier” that is predictive of risk of 
metastasis and overall survival

Klein et al. 
(2016) [61]

Decipher independently predicted 
10-year post-RP metastasis and 
improved disease discrimination

RP radical prostatectomy

R. Qi et al.



123

 Validation
In the initial validation cohort of 381 patients, cut-
off values are at 0.33 for favorable pathology and 
0.80 for non-favorable pathology (Table 9.5 
[62–64]). Risk score ≤0.33 had predictive value 
for favorable pathology at 87.2 % for intermediate- 
risk cancer, 81.5 % for low-risk cancer, and 95 % 
for very low-risk cancer. Predictive percent for 
non-favorable pathology for risk-score >0.80 was 
76.9 % across all risk groups [63].

In a second validation study, 276 cases were 
used to distinguish favorable vs. non-favorable 
pathology utilizing the cutoff values of 0.33 and 
0.80. The study separated favorable from non- 
favorable pathology (OR = 20.9, p < 0.0001) and 
Gleason 6 vs. non-Gleason 6 pathology (odds 
ratio = 12.95, P < 0.0001) [63].

 Recommendation
ProMark has not been CMS-approved for 
Medicare reimbursement at the time of writing. 
Expert opinion has recommended ProMark for 
stratifying low- and intermediate-risk disease 
patients into active surveillance or immediate 
treatment. Like other biomarkers, the majority of 
results would most likely be confirmatory and not 
change management decision [47].

 Non-trademarked Individual 
Biomarkers

 Ki-67

 Overview
Among the many proteins associated with pros-
tate cancer, Ki-67 is among the few that has been 
correlated with poor cancer outcomes based on 

biopsy needle samples. Ki-67 is nuclear protein 
associated with cell cycle proliferation, with the 
KIAA0101 gene closely associated with positive 
Ki-67 staining being included in the Prolaris test 
[48, 65]. It is present during active cell cycles 
phases (G1, S, G2, and mitosis) but is absent 
from G0 cells at rest. As such, it can be used to 
determine the proportion of cells growing in a 
sample. The MIB-1 monoclonal antibodies are 
typically used to determine the fraction of Ki-67 
positive tumor cells in a cellular population sam-
ple (the Ki-67 labeling index), with higher indi-
ces suggesting more aggressive cancer.

Ki-67 was cited as an independent predictor of 
biochemical recurrence after prostatectomy as 
early as 1996 [66]. This test has not formally 
developed consensus for the cutoff values for the 
percent of Ki-67 staining, with different publica-
tions utilizing values from 6–10 % to define risk 
for outcomes.

 Validation
RTOG 92-02 investigated the biopsies of 537 
patients who received radiation therapy and 
androgen deprivation therapy [67] (Table 9.6 
[68–70]). While Ki-67 staining index of 3.5 % 
was not significant, a staining index of 7.1 % 
was significantly correlated with distant 
metastasis (p = 0.0008) and PCSM (p = 0.017), 
borderline correlated with biochemical recur-
rence (p = 0.0504) and overall death 
(p = 0.0551), as well as greater percentage of 
Gleason 7–10 as compared with the 3.5 % 
staining index (p = 0.0001) [68]. The RTOG 
92-02 follow-up conducted after 5 additional 
years showed that Ki-67 at 11.3 % staining 
index was correlated with metastasis (hazard 
ratio = 2.95, p < 0.01), PCSM (hazard 

Table 9.5 Select studies investigating ProMark

Study Major outcomes

Shipitsin et al. 
(2014) [62]

Twelve proteomic markers selected 
for ProMark

Blume-
Jensen et al. 
(2015) [63]

Eight proteomic markers selected to 
determine favorable pathology

Roth et al. 
(2015) [64]

Using ProMark in Gleason 3+3 and 
3+4 cancers decreases cost of care and 
slightly increases quality adjusted 
life-years

Table 9.6 Select studies investigating Ki-67

Study Major outcomes

Pollack et al. 
(2004) [68]

Staining index of 7.1 % associated 
with metastasis and cancer-specific 
death

Tollefson et al. 
(2014) [69]

Each 1 % increase in Ki-67 
expression associated with 12 % 
increase of cancer-specific death

Fisher et al. 
(2013) [70]

Staining index of 10 % associated 
with cancer-specific mortality
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ratio = 2.35, p = 0.0007), and overall mortality 
(hazard ratio = 1.44, p = 0.01) [67].

Another study investigating biopsy specimen 
in 451 patients who underwent RP between 1995 
and 1998 showed that Ki-67 expression was cor-
related with PCSM (Table 9.6). Each 1 % increase 
in Ki-67 expression was associated with a 12 % 
increased risk of PCSM (p < 0.001). Moreover, 
patients with Ki-67 labeling index >6 % were 5.8 
times more likely to have PCSM than patients 
with labeling index ≤6 % [69]. When the thresh-
old for Ki-67 was set at 10 %, Ki-67 was a pre-
dictor of prostate cancer-specific mortality in 
patients conservatively treated without interven-
tion. Patients whose biopsy cores had labeling 
index >10 % had patient mortality hazard ratio of 
3.13 in Gleason = 7 and 2.28 in Gleason >7 com-
pared with patients whose biopsy cores had Ki-67 
labeling index ≤10 % [70].

 Recommendation
Although not as commonly used for risk stratifica-
tion today as other biopsy-based genomic assays, 
Ki-67 was recommended for use in watchful wait-
ing in men with limited life expectancy in light of 
research indicating it stratified PCSM and metas-
tasis but not differentiation between risk-stratifica-
tion groups. Concerns have been raised over the 
lack of standardized cutoff levels, which could 
further confuse patients and complicate clinical 
decision-making, as well as potential heteroge-
neous staining techniques among different labora-
tories. These concerns have potentially limited its 
applicability in modern diagnosis [47].

 Phosphatase and Tensin Homolog 
(PTEN)

 Overview
The phosphatase and tensin homolog (PTEN) is a 
lipid phosphatase tumor-suppressor gene com-
monly deleted or mutated in prostate cancer. It is 
implicated in proper functioning of cellular sur-
vival, growth and metabolism, migration and 
proliferation, and more. Biopsy-needle specimen 
can be stained for PTEN loss to help assess 
PCSM and Gleason upgrading on surgical pathol-

ogy. The staining result is a binary yes or no for 
PTEN loss, with no direct cutoff values.

 Validation
One study among 675 men undergoing conser-
vative management showed that although only 
3 % of men with low-risk disease had PTEN loss 
(Table 9.7). PTEN loss was highly correlated 
with PCSM in men with low-risk disease 
(defined using Gleason score, low PSA, low 
Ki-67 staining, and low extent of disease) (haz-
ard ratio = 7.4, p = 0.012). Among patients with 
TURP diagnosed with Gleason <7 disease, 
PTEN loss had a hazard ratio of 8.13 (95 % CI 
2.84–23.24) compared with non-PTEN loss. 
However, PTEN loss did not correlate with 
PCSM in high-risk disease [71].

In another study using needle biopsy cohort 
who eventually underwent prostatectomy, 174 
men biopsy-diagnosed with Gleason 6, 11 % had 
PTEN loss (Table 9.7). Multivariable analysis 
showed that PTEN loss predicted Gleason 
upgrading on surgery (odds ratio = 3.04, 
p = 0.035) [72]. In addition, a study with 77 
 subjects who underwent prostatectomy showed 
that 12 % had PTEN loss (Table 9.7). On univari-
ate analysis, PTEN loss is significantly associ-
ated with metastasis, metastatic castrate-resistant 
prostate cancer, and death [73].

 Recommendation
Expert opinion has suggested PTEN could be 
used for stratifying patients into active surveil-
lance. While not commonly used, there is grow-
ing interest. Because PTEN is less expensive than 
many other genomic assays, patients on active 

Table 9.7 Select studies investigating PTEN

Study Major outcomes

Cuzick et al. 
(2013) [71]

PTEN loss is highly correlated with 
cancer-specific mortality in men with 
low-risk disease

Lotan et al. 
(2015) [72]

PTEN loss predicts Gleason 
upgrading on surgical specimen

Mithal et al. 
(2014) [73]

PTEN loss is associated with 
post-prostatectomy metastasis and 
death

PTEN phosphatase and tensin homolog
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surveillance could have serial PTEN testing to 
assess whether prostate cancer has increased in 
aggression. Moreover, the binary reporting of 
PTEN results eliminates ambiguity on the sever-
ity of prostate cancer disease [47].

 Conclusion

Biopsy-based molecular biomarkers have great 
potential to distinguish the indolent, truly low- 
risk prostate cancers from highly aggressive 
prostate cancers that are merely detected early in 
their development. They are already becoming 
useful for counseling individual patients who are 
uncertain of an optimal management course. The 
multiple commercial assays all cite published lit-
erature validating their efficacy, and they are 
beginning to be reimbursed by insurance cover-
age. Overall, biopsy-based molecular biomarkers 
likely will have an increasing role in the manage-
ment of prostate cancer in the future.
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 Introduction

The primary landscape of focal therapy (FT) in 
the management of prostate cancer (PCa) is rap-
idly evolving over the past decade. The process 
of defining an “ideal patient” for FT has been a 
dynamic process in accordance with the growing 
understanding and limitations of FT. The focus of 
FT has shifted from being an alternative for 
active surveillance (AS) to an acceptable middle 
ground therapeutic option between AS and radi-
cal treatment (surgery/radiation) [1]. The deci-
sion algorithm has seen a gradual shift over the 
years, and currently the focal therapist must 
answer the following questions before selecting 
patients for tissue preservation strategies: First, 
does this cancer need treatment? If not, they can 
be safely monitored with active surveillance. 
Second, if treatment is indicated, are tissue pres-
ervation strategies amenable? With this under-
standing, we are keen to avoid over-/
undertreatment, and it is possible that most of the 

future FT patients will be a subset of those who 
underwent radical treatments in the past [2]. 
Although there is no high- level evidence to sup-
port the present trend of FT, phased evaluation of 
a number of retrospective and noncontrolled pro-
spective studies has culminated in an eventual 
systematic review [3]. Moreover, an international 
panel of expert focal therapists convenes periodi-
cally to evaluate the recent literature and provide 
consensus statements for patient selection and 
guidance for future trials [4–7] (Table 10.1). The 
aim of this chapter is to present a brief review of 
factors that influence the patient selection for FT 
and also review the recent international consen-
sus panel recommendations.

 What Tumors Should We Treat 
with Focal Therapy?

The growing enthusiasm for tissue-preserving 
ablative strategies for prostate cancer and encour-
aging oncological and good functional results 
have resulted in increased acceptance of this 
treatment modality by patients and urologists 
worldwide. Theoretically, energies used for abla-
tive therapies produce irreversible tissue destruc-
tion in the intended treatment zone. However, 
there are several factors to be considered in the 
appropriate case selection for focal therapy.
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 Patient Factors

Several clinical and social aspects of the patient 
need to be carefully considered during appropriate 
candidate selection. First, age and associated 
comorbidities of the patient should be evaluated 
when considering focal therapy. Ideally, healthier 
patients with a life expectancy of at least 10 years 
will be appropriate for providing tissue preservation 
treatment [8]. Older and sicker patients are more 
likely to die of other non-cancer-related causes. 
Providing FT for younger patients is often seen with 
skepticism, but with longer learning experience, 
focal therapists are more willing to ablate this cohort 
of patients with good cancer control and better pres-
ervation of genitourinary functions including orgas-
mic and ejaculatory potential. Second, patients not 
eligible for surgery due to non-cancer causes (prior 
pelvic surgery) are often treated with radiotherapy. 
FT ± adjuvant treatments can be a safe alternative in 
selected patients provided that the cancer character-
istics are favorable. Third, FT is relatively a newer 
treatment modality, and our understanding of treat-
ment principles and follow-up protocols is still 
evolving. Though early oncological outcomes are 
promising, long-term cancer control needs verifica-
tion. Hence, patients should understand and be will-
ing for posttreatment follow-up protocols. Fourth, 
most of the published series have reported up to 
20 % residual cancer in the treated region and may 
also harbor insignificant cancer in the remaining 
prostate [9]. Patients should be aware of the re-treat-
ment strategies, which include active surveillance, 
repeat FT, or radical treatment. Fifth, though 
patients can opt for radical prostatectomy (RP) at 
any point, they should be aware that the functional 
outcomes of salvage RP can be different from pri-
mary RP. Finally, FT is at different stages of 
approval by the governing bodies in different coun-
tries. Patients must realize that FT may be offered in 
a research setting or should have the knowledge of 
the local insurance policies.

 Tumor Factors

A most interesting transition in the patient selec-
tion for FT was noted in the tumor characteristics 
that were recommended for focal ablation. As 

mentioned earlier, FT gradually shifted upstream 
from low-volume/low-grade cancers toward 
increasing volume and higher grade. There is no 
high-level evidence to support this transition 
except for the surgeon’s learning curve and 
increasing confidence; promising results with the 
initial cases prompted this change.

 Impact of Magnetic Resonance Imaging
Before discussing the various tumor factors that 
can influence the candidate selection for FT, we 
should understand the evolution of cancer local-
ization strategies over the past decade. One of the 
major impacts in the patient selection process is 
the addition of prostate imaging to the diagnostic 
armamentarium. Earlier FT series were based on 
the cancer characteristics of transrectal ultra-
sound (TRUS)-guided and transperineal map-
ping biopsies [10]. Random and nontargeted 
biopsies have the inherent drawback of inaccura-
cies in tumor volume, grade, and localizations. 
Transperineal template-guided biopsies are 
extensive volume-based biopsy protocols that 
can overcome the limitations of random biopsies, 
but they are often elaborate, need anesthesia, and 
have slightly higher post-procedure morbidity 
[11]. Introduction of multiparametric magnetic 
resonance imaging (mpMRI) has revolutionized 
cancer detection and hence appropriateness of 
cancer selection [12]. Currently, mpMRI includes 
T2-weighted images with two functional images 
(perfusion and diffusion). Several MRI grading 
systems (Prostate Imaging Reporting and Data 
System [PI-RADS], Likert, European Society of 
Urogenital Radiology [ESUR], etc.) are being 
used to predict the probability of cancer in MRI-
detected abnormalities. Sensitivity of MRI for 
cancer detection is 80 % in peripheral zone and 
81 % in transitional zone. In biopsy-naïve 
patients, MRI increases the frequency of signifi-
cant cancer detection to 50 % in low-risk and 
71 % in high-risk patients. In previous negative 
biopsies, 72–87 % of MRI-guided biopsies show 
significant cancer. In low-risk patients, MRI has 
a negative predictive value up to 98 % to exclude 
clinically significant disease [13]. In addition to 
cancer identification, MRI also provides guid-
ance for targeted biopsies. With most urologists 
adopting some form of MRI-targeted biopsies, 
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the overall accuracy of cancer localization and 
characterization is likely to improve. The most 
important message to be considered in this transi-
tion from random to targeted biopsies is the inter-
pretation of cancer characteristics in the biopsy 
may vary.

Though we do not have any defined guide-
lines, there are several cancer characteristics to 
be considered when selecting a patient for focal 
treatment:

• Cancer Size: Currently, there is no definite 
limitation to FT based on cancer size. As 
mentioned earlier, the way we report and 
analyze cancer volume has changed dramat-
ically. Conventionally, in the era of random 
biopsies, maximal cancer percentage in core 
<20 %, maximal cancer length in each core 
<7 mm, and maximal cores with cancer 
<33 % were used [4]. These criteria still 
hold for MRI-invisible cancers, but MRI 
visibility and the targeted biopsy have sig-
nificantly replaced the older criteria, which 
was based on assumptions. Cancer volume 
can be effectively calculated using MR 
images, and any cancer less than 0.5 cc is 
more likely to represent insignificant dis-
ease and does not need treatment. Any can-
cer greater or equal to 5 mm in target biopsy 
is more likely to harbor clinically significant 
cancer and can be eligible for FT [14–16]. 
There is no strict upper limit of cancer vol-
ume in unifocal cancer in case selection for 
FT. However, Gleason grade, boundaries, 
and morphological distribution of cancer 
within prostate are important factors to be 
considered.

• Cancer Grade: Gleason grade is an impor-
tant factor to be considered in the evalua-
tion of the patient with PCa for FT. With 
routine use of MRI, grading systems, and 
guided biopsies, the Gleason grade of the 
biopsy is more likely to represent the actual 
score. In the earlier days of focal ablation, 
the presence of Gleason 4 in the biopsy was 
considered as an exclusion criterion for 
FT. However, many men with low-risk fea-
tures on biopsy are found to have non-

dominant Gleason 4 disease at radical 
prostatectomy with very little impact on 
the clinical course [17]. Hence, the pres-
ence of Gleason 4 disease was eventually 
considered amenable for FT. With longer 
experience, most urologists are currently 
comfortable to extend the indications for 
Gleason 7 cancer with dominant Gleason 4 
glandular pattern. This transition again 
underlines the fact that the target cohort for 
treatment with FT is gradually shifting 
from low-risk to predominantly intermedi-
ate-risk disease. Routine treatment of 
Gleason 8 or more is currently not recom-
mended for clinical practice. Several focal 
therapists are performing FT for carefully 
selected patients with Gleason score &gt;7, 
and the results in the future will enlighten 
the clinical performance of FT in this 
cohort of patients.

• Multifocality: Multifocality is a known phe-
nomenon in PCa, and the concept of the 
“index lesion” is firmly based on the postu-
late that in a background of multiple cancers 
with the prostate, the largest lesion is most 
likely to harbor the lethal clone with the 
highest Gleason grade and also influences 
the lethality and metastatic potential of the 
disease [18]. The congruous location of the 
large volume and highest Gleason grade 
had been demonstrated by several authors 
[19–21]. The multifocal tumors within the 
prostate can be monoclonal or polyclonal. 
Monoclonal hypothesis states that the trans-
forming event leading to neoplasia origi-
nates in one particular cell and is spread by 
intraprostatic metastasis, while polyclonality 
arises from a field effect to a common incit-
ing stimulus with several cells undergoing 
different transforming pathways. Most of the 
genetic analyses of multicentric prostate can-
cer suggest varying patterns of allelic losses 
on chromosomes indicating clonal diversity. 
But monoclonality cannot be ruled out com-
pletely since the clonal divergence can result 
after intraprostatic spread [22–24]. However, 
in the Project to Eliminate Lethal Prostate 
Cancer (PELICAN), Liu et al. analyzed 94 
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metastatic deposits from 30 men who died of 
prostate cancer. Copy number analysis and 
high-resolution genome-wide single nucleo-
tide polymorphism were used to demonstrate 
that metastatic deposits had monoclonal ori-
gin. However, the authors did not trace the 
anatomic location of the lethal clone within 
the prostate [25]. These results are in con-
junction with the single-locus genetic study 
evaluating the role of TMPRSS2-ETS in 
advanced PCa [26]. Despite tumor hetero-
geneity in primary cancers, the metastatic 
clones arose from a single source.

Currently, we do not have evidence to demon-
strate the natural history on non-index lesions 
after the ablation of the primary index lesion. The 
relationship between the progression of the sec-
ondary lesion and the presence of large primary 
lesion in the vicinity is unknown. Most of the 
published literature on FT has specifically 
included unilateral and unifocal lesions for eval-
uation. In case of multifocal tumors, care should 
be taken to characterize all the visible foci to 
eliminate multifocal significant disease, and most 
of the focal therapists favor ablation of the index 
lesion alone.

• MRI Visibility: As mentioned earlier, rou-
tine use of MRI in FT has revolutionized 
the patient selection. The utility of MRI to 
accurately localize cancer lesion is shown 
in several studies and, more importantly, 
has a high negative predictive value (63–
98 %) to exclude significant cancers in the 
absence of suspicious lesions [12]. Higher 
PI-RADS score in mpMRI correlated with 
the index lesion in more than 90 % of the 
cases, and the index lesions (<5 %) that 
were missed had low-volume (<0.4 ml) 
cancers. An ideal patient for FT can be 
described as one with a visible MRI lesion 
of significant cancer probability score 
(PI-RADS, Likert, etc.) and positive biopsy 
with significant cancer in the correspond-
ing suspicious area and the absence of sig-
nificant cancer in the random biopsy of 
nontargeted areas. FT for MRI-invisible 

cancers should be considered with caution, 
and saturation biopsy techniques such as 
transperineal mapping biopsy can be useful 
in accurately localizing the cancer.

• Cancer Location: Our understanding of the 
influence of topographic cancer location 
within the prostate on focal therapy is still 
evolving. The previous versions of consen-
sus statements on patient selection have 
mentioned that the prostate volume can be 
a limiting factor for high-intensity focused 
ultrasound (HIFU) treatment [6]. This is 
due to the fact that during HIFU treatment, 
there can be dissipation of ultrasound (US) 
waves in longer focal points. The resulting 
prostatic edema can potentially displace 
the target from the firing zone during treat-
ment [27]. This is particularly true when 
ablating an anterior zone cancer, the US 
waves need to travel a longer distance to 
reach the focal point, and after a few initial 
passages, the intervening prostatic tissue 
undergoes edema, resulting in pushing the 
target area farther away. Another critical 
cancer location is the apex close to the 
sphincters. Most of the FT experience 
worldwide was thermal-based energies 
(cryotherapy and HIFU), and both these 
energies are found to cause some degree of 
sphincteric dysfunction based on the 
whole-gland experience. However, brachy-
therapy, which can also be delivered 
focally, has demonstrated relatively low 
incontinence rates, and this observation 
may be due to the rapid falloff of the radia-
tion within a few millimeters from the 
implantation seed. A model of personaliz-
ing FT energy based on intraprostatic can-
cer location has been proposed in the 
literature, and it needs verification in future 
prospective studies [28].

 Posterior Cancers
HIFU is the least invasive of all the currently 
employed energies for FT and hence should be 
offered whenever feasible. PCa most commonly 
arises from the peripheral zone and more often 
below the level of the urethra. HIFU appears to 
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have more advantages in this cancer location 
considering the shorter focal point and more pre-
cise contouring of the target area.

 Anterior Cancers
The efficacy of HIFU tends to decrease over lon-
ger focal points. However, cryotherapy, with ease 
of access to anterior zone, can be delivered 
through transperineal needles.

 Apical Cancers
Both cryotherapy and HIFU tend to produce 
incontinence in apical cancers for reasons 
described earlier. Brachytherapy can be a poten-
tial treatment option in this location considering 
the rapid falloff of the radiation effect distal to 
the seeds.

 Risk Group

Risk classification of PCa is one of the important 
factors to be considered when selecting patients 
for focal therapy. Most of the initial studies on FT 
were focused on low-risk category and with 
growing experience and confidence. Currently, 
focal therapists are aiming to treat mainly the 
intermediate-risk group to avoid overtreatment. 
Irrespective of the risk groups that will be dis-
cussed as follows, other cancer parameters should 
also be considered collectively in the decision-
making process.

 Low Risk
In the low-risk prostate cancer group, the first 
decision to be made is: Does this patient need 
treatment? If treatment is not required, he can be 
safely managed with active surveillance. 
However, FT can be offered at the patient’s 
request to overcome the anxiety of harboring 
cancer and simultaneously avoiding radical sur-
gery and preservation of optimal genitourinary 
function [29]. Selected patients with large vol-
ume, unifocal low risk can also be offered FT.

 Intermediate Risk
The decision to treat intermediate-risk patients 
with FT also depends on the other cancer charac-

teristics such as volume, MRI visibility, focality, 
etc. [7]. With a combination of these factors, it is 
important to decide if tissue preservation is ame-
nable. MRI-invisible cancers, non-correspon-
dence of MRI lesion and biopsy localization, and 
larger percent of Gleason 4 glands should be 
approached with caution to rule out multifocal 
significant disease.

 High Risk
FT is not an optimal treatment option for high-
risk patients, and radical treatment will address 
the disease more completely. However, selected 
patients with organ-confined, unifocal, small-
volume disease and careful evaluation to rule 
out metastasis can be considered in a research 
setting with or without adjuvant treatment. 
Figure 10.1 shows a summary of today’s indica-
tions for FT in PCa.

 Consensus Panel Recommendations

Focal therapy experts around the world convene 
periodically to critically analyze the progress and 
the limitations of focal therapy. The published lit-
erature and personal experiences are discussed to 
set a pathway for future direction of research and 
clinical applications.

In 2007 [4], the first international panel started 
with urologic oncologists, radiotherapists, medi-
cal oncologists, epidemiologists, and patholo-
gists all with interests in PCa management. The 
panel devised some practical selection criteria for 
FT and focused mainly on the low-volume, low-
risk cancer group. This was a conservative begin-
ning to FT and was logical since there was only a 
presumed but unproven oncological and func-
tional advantage to FT. However, the panel 
encouraged for future trials to evaluate the clini-
cal performance of FT.

The second panel convened in 2009 was more 
elaborate and addressed several issues after 
implementation of previous criteria into clinical 
use [5]. The panel was geared toward eradication 
of all known cancers in the prostate and made the 
presence of Gleason 4 gland as not a contraindi-
cation for FT. Much emphasis was placed on 
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selection process, and they agreed that transperi-
neal mapping biopsy can be a standard technique 
for case selection to avoid missing other signifi-
cant cancers. The role of MRI was also recog-
nized as a potential tool for cancer localization.

Subsequently, in the third panel in 2013 [6], 
48 experts participated, and a four-stage consen-
sus project based on a modified Delphi process 
was conducted. Questionnaires were devised to 
address various issues of FT, including the candi-
date selection. Finally, 13 panelists discussed the 
acquired data, interpretation of results, and 
derived a conclusion for FT use: prostate-specific 
antigen (PSA) <15 ng/ml, clinical stage T1c–

T2a, Gleason score 3+3 or 3+4, life expectancy 
of >10 years, and any prostate volume. This pan-
el’s decision was a significant move from the pre-
vious selection criteria, and the patients were 
more individually defined based on cancer 
characteristics.

More recently, the fourth panel convened in 
2014 [7], and a similar questionnaire-based con-
sensus approach was adopted to guide FT case 
selection. Though this mode of statements repre-
sents a low level of evidence for clinical practice, 
conducting a prospective randomized trial is very 
difficult for such newer innovations. Key points in 
this panel on patient selection were as follows:

Fig. 10.1 Summary of patient selection criteria for focal therapy in 2016
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• Patients with intermediate-risk PCa are eli-
gible for focal treatment.

• Patients with unifocal and multifocal dis-
ease are eligible, and foci of indolent can-
cer can be left untreated when treating the 
dominant index lesion.

• MRI-targeted or template-mapping biopsy 
should be used to plan treatment.

• Prostate volume or age should not be a pri-
mary determinant of eligibility.

 Conclusion

Focal therapy for prostate cancer is growing as an 
acceptable treatment option both by the patients 
and the physicians. One of the key factors for FT 
success is appropriate patient selection, and there 
are several patient-related and cancer-related fac-
tors to consider in the decision-making process. 
Patients should receive a thorough explanation 
about the advantages and the limitations of FT 
and be willing to undertake follow-up protocols. 
The routine use of MRI and guided biopsies has 
made a significant impact on accurate cancer 
localization. MRI-invisible and MRI discordant 
lesions should be approached with caution using 
mapping biopsies. Other cancer-related factors 
such as cancer volume, grade, location, and risk 
category should be carefully considered for a 
successful FT outcome. Overall, the focus of FT 
has shifted from low-risk patients to the interme-
diate-risk group, and with future research, we can 
further define the indications more accurately.
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 Introduction

The term “focal therapy” as applied to the treat-
ment of localized prostate cancer is a blanket 
term that encompasses any treatment of the pros-
tate with the intent to preserve some portion of 
the prostate gland. The intent behind this 
approach is generally to affect a curative prostate 
cancer treatment but with a reduced therapy- 
related morbidity profile. This concept of subto-
tal prostate therapy, or less than radical therapy 
for prostate cancer (radical radiation, radical sur-
gery), is intended to allow a surgeon to provide a 
very personalized treatment of the prostate gland 
based upon the location and extent of the prostate 
cancer within the gland of the specific man. 
Rather than the brute, “one-size-fits-all” approach 
that has been the standard to prostate cancer for 
decades, focal therapy is a tailored approach to 
treating a cancer within the unique patient. 
Therefore, there is no one “focal therapy.” Focal 
therapy by definition may involve the treatment 
and/or preservation of different proportions of 
the prostate gland or different regions of the pros-
tate gland (apex, base, lateral, anterior) depend-
ing upon the extent and location of the disease. 
Focal therapy is tightly dependent upon the accu-

racy with which we can precisely identify the 
tumor.

Onik et al. in 2002 (updated in 2008), then 
Bahn et al. in 2006, were the first to report on 
patients with prostate cancer treated with a focal 
ablation of a single hemisphere of the prostate 
gland [1–3]. In total, these represent retrospective 
reports of only 79 patients; yet, they also demon-
strate that both good oncologic outcomes and 
functional outcomes could be achieved with this 
approach. Despite the paucity of reports and lack 
of prospective studies involving subtotal prostate 
ablation, there has been a tremendous increase in 
the use of focal ablation within the urologic com-
munity. Ward and Jones looked at the number of 
patients captured within the Cryoablation On-Line 
Database (COLD) registry who were categorized 
as “subtotal” prostate cryoablation [4]. They 
observed a dramatic increase in the number of 
focal cryoablations performed per year from 46 in 
1999 to 567 in 2005 (p < 0.01). However, a closer 
examination of the series reveals a lack of consis-
tency or nomenclature employed to describe the 
volume and location of the prostate tissue targeted 
for destruction or preservation.

At this critical juncture in the development of 
truly a new paradigm for prostate cancer manage-
ment, an understandable nomenclature that commu-
nicates the treatment intent is necessary [5]. As the 
approach and techniques for identifying the cancer 
and targeting the tissue for destruction advances, this 
common language is likely to grow.

mailto:jfward@mdanderson.org


140

Focal therapy as it was initially performed 
was essentially a “blind” procedure. It was based 
upon the interpretation of a biopsy template, then 
applying that information to a region(s) of the 
prostate that seemed to contain the dominant can-
cer. To put it another way, focal therapy was ini-
tially being performed by treating a region of the 
prostate that encompassed both the predicted 
area of cancerous tissue and a varying amount of 
surrounding normal prostate tissue. Unlike 
organ-preserving therapies for other solid organ 
malignancies (liver, kidney), which are guided 
visually because the surgeon can visualize the 
tumor itself, prostate cancer has been relatively 
invisible to imaging techniques. Therefore, focal 
therapy of prostate cancer encompassed a region 
around which the cancer was identified, which 
itself was based upon a blind biopsy.

In developing a nomenclature for “focal ther-
apy”, the volume and location of the ablation 
region is what becomes important for us to 
communicate.

Multiparametric magnetic resonance imaging 
(mpMRI) of the prostate has begun to lift the veil 
that has hid prostate tumors in-situ [6]. Combined 
with in-bore or ultrasound fusion-targeted biopsy 
and targeted ablation, the possibility of truly con-
formal prostate cancer therapy has begun to seem 
a bit closer. However, limitations remain as we 
discover the inability of the current technology to 
accurately define cancer volume and margins [7]. 
Focal therapists continue to treat a margin around 
the identified tumor that essentially results in a 
zonal or regional ablation.

As focal therapy for prostate cancer is further 
studied we may find that it is possible to ablate 
the majority of the prostate in a specific region(s) 
of the gland (anterior region, for instance) and 
have no resulting effect upon urinary continence 
or erectile function. Alternatively, we may find 
that the same volume of tissue ablated in a differ-
ent pattern or region of the prostate (e.g., the 
apex) may have a significantly different impact 
on treatment-related morbidity. A common 
nomenclature providing more information 
beyond the term “focal therapy” will continue to 
provide us with information we need to develop 
more personalized therapy for prostate cancer.

The nomenclature used to describe a treat-
ment template is independent of the ablative 
energy employed; whether with cryoablation, 
high-intensity focused ultrasound, brachyther-
apy, interstitial laser ablation, or other energy 
sources, current techniques for focal ablation 
can be described using one of these terms with 
small modifiers (e.g., right dominant, left domi-
nant, etc.).

 Focal Therapy Nomenclature

 Nerve Sparing (Unilateral or Bilateral)

Nerve-sparing ablation is the destruction of all 
prostate tissue from the base to the apex and from 
the anterior to the posterior, excepting the poste-
rior lateral region on one or both sides near the 
expected location of the erectile neurovascular 
bundle(s) (Fig. 11.1).

With cryoablation as the destructive energy 
force, this template can be employed either with 
or without the use of a cryoprobe, which is 
warmed with pressurized helium, positioned near 
one or both erectile nerves. This template can 
also be achieved with high-intensity focused 
ultrasound (HIFU) wherein the energy is not 
directed laterally, near one or both neurovascular 
bundles.

It is well recognized that the posterior/lateral 
location is a common site for prostate cancer. 
Canine data has raised concerns about cancer 

Fig. 11.1 Bilateral nerve-sparing ablation
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control when this template is employed [8]. 
Additionally, the location of the erectile nerves is 
now better described and known to exist in a 
broad swath of periprostatic tissue, not in a sin-
gle, posterior lateral location [9].

 Hemi-ablation

Hemi-ablation is the unilateral (hemisphere) 
destruction of all prostate tissue that is present to 
the left or right of the urethra (dictated by the lat-
erality of the targeted cancer) and from the apex 
to the base and anterior to posterior (Fig. 11.2).

The theoretical benefit is to maximally pre-
serve the neurovascular bundle contralateral to 
the treated, cancerous side of the prostate. This 
can be thought of as a unilateral nerve bundle 
preservation; however, the functional outcomes 
in the reports by Bahn and Onik where this tem-
plate was employed are significantly better than 
is observed with unilateral nerve bundle preser-
vation at radical prostatectomy [2, 3, 10].

 Anterior Hockey-Stick Ablation 
(Anterior Three-Fourth)

This is the extension of the hemi-ablation tem-
plate across the midline only in the anterior 
region of the prostate, contralateral to the domi-
nant cancer (Fig. 11.3).

Described first by Ward et al., this template 
has the theoretical benefits of treating potentially 
under-sampled, unrecognized cancers within the 
anterior region of the prostate contralateral to a 
dominant cancer that exists within the domi-
nantly treated prostate hemisphere [11]. At a 
microscopic level, this template still provides 
preservation of the contralateral neurovascular 
bundle because of its delta shape in the peripros-
tatic region, yet provides a significant amount of 
prostate gland ablation, especially in a region of 
the prostate that is under-sampled by standard 
transrectal prostate biopsy.

 Posterior Hockey-Stick Ablation 
(Posterior Three-Fourth)

Posterior three-fourth ablation is the extension of 
the hemi-ablation to include the contralateral pos-
terior region (Fig. 11.4). The template has the the-
oretical advantages of treating almost the entire 
prostate peripheral zone, while avoiding overlap-
ping energy delivery to the urethra. However, the 
posterior peripheral zone of the prostate is better 
sampled than the anterior zone, and thus contralat-
eral significant tumors are less likely un-sampled 
by standard prostate biopsy. Additionally, the 
delta-shaped neurovascular bundle is much more 
likely to receive lethal energy with this template, 
potentially negating the intent to preserve erectile 
function. In a prospective study that employed this 

Fig. 11.2 Hemi-ablation
Fig. 11.3 Anterior hockey-stick ablation (right dominant 
with left wing)
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template with HIFU as the ablative energy, it did 
result in decreased time of catheter bladder drain-
age than whole-gland HIFU. Thus, this template 
may offer an improvement in the urinary morbid-
ity profile, especially when erectile function is not 
adequate at baseline [12].

 Targeted Focal Therapy

Targeted focal therapy intends to minimize the 
collateral damage of surrounding normal pros-
tate tissue and accurately target a volume of the 
prostate limited by the volume of the cancer 
(Fig. 11.5).

Because our current ability to visualize the 
prostate cancer within the prostate gland is not 
at the level of sensitivity or specificity that 
exists in other cancerous organ sites, this tem-
plate requires very accurate prostate map-
ping—usually achieved through extensive 
prostate biopsy to create a three-dimensional 
(3D) model of the prostate and its contained 
tumors [13]. It is proposed that such definition 
of tumor location(s) may be achieved through 
a transperineal template- guided saturation 
biopsy schema followed by co-registering a 
three-dimensional image of the patient’s pros-
tate with the histology [14]. Technical limita-
tions to a saturation, mapping biopsy—such as 
respiratory movement, needle deflection, 
deformation of the prostate with swelling, and 

contact of the needle upon the capsule—have 
all called into question the accuracy of the 
information obtained from this type of exten-
sive saturation biopsy. Multiparametric MRI 
may provide an alternative approach to target 
acquisition. Studies using MRI to visualize the 
delivery of ablative energy are being con-
ducted [15–17].

Eventually, it is expected that evolutions in 
prostate cancer imaging will allow real-time 
visualization of the tumor within the prostate and 
will be sufficiently sensitive and specific to guide 
and monitor ablative therapy in real time.

 Quadrant (Zonal) Ablation

Zonal ablation is confining the treatment to a 
region allowing broad margins beyond known 
areas of cancer (Fig. 11.6). This form of focal 
therapy is similar to targeted focal therapy, except 
that it recognizes the inherent inaccuracies of 
current blinded biopsy strategies and thus ablates 
a zone of tissue that contains the cancer and a 
broader margin of normal tissue.

The limitation currently present in “know-
ing” the histology throughout the prostate due 
to spacing of the saturation biopsy needles, or 
the limitations placed by physics on prostate 
cancer imaging, has led to the concept of treat-
ing the prostate in up to 12 different regions. 
This concept allows the use of an accurate 
prostate biopsy mapping strategy that provides 
better assurance of an equal sampling of all 

Fig. 11.4 Posterior hockey-stick ablation (right domi-
nant with left wing)

Fig. 11.5 Targeted focal therapy
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regions of the prostate [18]. Conceptually, the 
prostate is divided into anterior and posterior 
zones consisting of the apex, middle, and base 
regions of the prostate. On the basis of the 
biopsy findings within each zone, ablation of 
the cancerous zone is performed. This pattern 
results in a greater rim or margin of regional 
tissue destruction than is achieved with tar-
geted focal therapy, thereby allowing for the 
lack of precision that may occur using even 
the most aggressive saturation biopsy or imag-
ing physics (i.e., ultrasound wavelength or 
voxel limitations of magnetic resonance 
spectroscopy).

 Conclusion

As a concept supported by promising prelimi-
nary study, focal therapy for prostate cancer 
holds tremendous promise to balance the risks 
of prostate cancer treatments with the risks of 
the prostate cancer to the patient himself. 
Development of this field will take place at 
many centers throughout the world simultane-
ously. A nomenclature that describes what our 
intent is beyond the vagueness of just “focal 
therapy” is necessary. Our ideas and results 
will be better communicated with our peers 
through a common nomenclature. This enables 
an accurate level of knowledge transfer to 
thoughtfully move this therapy forward, 
thereby shifting the entire way we approach 
men with prostate cancer.
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 Introduction

To date, 10–12 core systematic transrectal ultra-
sound (TRUS)-guided biopsy is the standard to 
diagnose prostate cancer (PCa). TRUS-guided 
prostate biopsy is performed in men with raised 
prostate-specific antigen (PSA) blood levels or 
an aberrant digital rectal examination (DRE). 
However, TRUS-guided biopsy is not an appro-
priate tool for selecting patients suitable for focal 
therapy. In addition, TRUS-guided biopsy is 
associated with the underdiagnosis of PCa, and it 
often incorrectly classifies the aggressiveness of 
the disease [1]. Recently, multiparametric mag-
netic resonance imaging (mpMRI) has been 
introduced. In the early years of mpMRI practice 
for detecting and localizing PCa, a variety of 
reporting standards were used. Now reporting is 
more and more standardized by the use of the 
Prostate Imaging Reporting and Data System 
(PI-RADS) [2].

In this chapter we will outline the PI-RADS 
classification according to the more recent 
PI-RADS version 2 and the features PI-RADS 
offers. First, to place the PI-RADS classification 

in a framework, we will discuss the role of guide-
lines in general medical practice and the role of 
reporting standards in radiology. Then, the tech-
nique of mpMRI will be addressed. Thereafter, 
we will briefly describe the manner of prostate 
assessment before the introduction of the 
PI-RADS classification. Finally, the content of 
the PI-RADS classification and the features of it 
will be addressed.

 Guidelines and Reporting 
Standards in Radiology

 Clinical Practice Guidelines

Decision-making by medical doctors depends on 
many different factors. The current evidence of 
the potential benefit, the awareness of side effects 
of the intended treatment, and the wishes of 
patients are examples of such factors. To help cli-
nicians and patients make complex decisions in 
the face of an ever-expanding amount of medical 
knowledge, clinical practice guidelines (CPGs) 
are increasingly used. CPGs aim to streamline 
processes according to a set routine, and they 
tend to make decision-making more uniform.

The definition of a CPG according to the 
Institute of Medicine (IoM) is as follows: “CPGs 
are statements that include recommendations 
intended to optimize patient care that are 
informed by a systematic review of evidence and 
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an assessment of the benefits and harms of alter-
native care options” [3].

For patients, the great advantage of CPGs is 
that their health outcomes may improve because 
CPGs promote effective treatments while dis-
couraging ineffective interventions. Guidelines 
also standardize care, as patients suffering from 
the same disease will have the same treatments or 
diagnostic procedures.

Clinicians also benefit from the recommenda-
tions in CPGs in cases where the clinician is 
unsure of which decision to make. This increases 
the quality of the decision and, in some cases, 
guidelines can help clinicians to convince patients 
to agree to certain treatments. Another benefit for 
clinicians is the possibility to turn to guidelines 
for medicolegal protection, because acting in 
accordance with guidelines is mostly assumed to 
reflect good clinical practice [4].

Despite the benefits CPGs may offer, they come 
with limitations as well. Often a variety of guide-
lines addressing the same, or overlapping, subjects 
exists; therefore, the clinician facing a complex 
decision may have to decide which guideline to 
use. Further, the quality of CPGs differs tremen-
dously as they often reflect expert opinion instead 
of evidence-based medicine [5]. A lack of support-
ive scientific evidence may lead to misleading or 
flawed recommendations. For this reason, the defi-
nition of a CPG used by the IoM includes the 
requirement of a systematic review of evidence. 
However, a pitfall of such a systematic review may 
be an improper study design causing inaccurate 
recommendations. As much value is attached to 
CPGs, inappropriate recommendations may have 
widespread consequences; for example, subopti-
mal or even harmful treatment decisions.

Another important limitation of CPGs is that 
they may become outdated quickly; updating 
CPGs is a time-consuming and costly process. The 
opposite is true for medical and scientific knowl-
edge, which is evolving rapidly [6]. Also, guide-
lines provide uniform recommendations for the 
treatment or diagnostic procedures of a typical 
patient. Unfortunately, guidelines including recom-
mendations for patients deviating from “normal” 
are often unclear and therefore not user-friendly.

Due to such limitations, clinicians who are 
about to make a decision should first carefully 

decide whether or not to use the guideline, as well 
as how to use it. Clinicians should be aware of the 
pitfalls of using a CPG, and they should be able to 
evaluate its quality. Most important is the attention 
that should be paid to whether or not the guideline 
covers the intended subject. Then, the quality of 
the supportive evidence and the quality of the rec-
ommendations derived from that evidence should 
be considered. Finally, the clinician should figure 
out whether the CPG recommendations can be 
applied to their individual patient [7].

 Reporting Standards in Radiology 
and Structured Reporting

The radiology report is the most important prod-
uct delivered by a radiologist after a diagnostic 
examination of a patient. It is the radiologist’s 
tool to communicate to a referring physician, and 
it is an important part of a patient’s medical 
record. Also, the report is an essential document 
in case a medicolegal problem arises [8].

Every diagnostic radiology report includes 
important identifying data, such as the name 
and birth date of the examined patient. Of 
course, imaging findings and a comparison 
with available prior examinations are included 
in the report. Based on clinical data and the 
imaging findings, a radiologist concludes 
which diagnosis is most likely to be present. If 
possible, recommendations are presented as 
well. Technical details and any limitations of 
the study may also be part of the report. It is 
important for a good report to be finished 
within a reasonable time so that the patient and 
the physician can proceed with a diagnostic 
and/or treatment procedure.

For physicians to efficiently extract key infor-
mation from a radiology report, structured reports 
are preferred instead of free-text reports. 
However, free-text reports are still most used in 
daily practice despite the fact that they are criti-
cized for their lack of structure and organization. 
Also, the content is not consistent as it is more 
easy to forget and skip a part of the report [9].

In Table 12.1, the requirements of a good 
radiology report are summarized [10]. For 
example, clarity, correctness, and completeness 
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are attributes of a good radiology report [9–11]. 
The best way to fulfill these requirements is by 
using a structured report. The Radiological 
Society of North America (RSNA) supports the 
use of structured reporting, and therefore in 
2009, it created an online library of radiology 
report templates attempting to standardize and 
increase the quality of reporting. The templates 
in this online RSNA library are not intended as 
compelling guidelines, but they may be used by 
radiologists in their clinical practice to stan-
dardize the language and content of their reports 
[12]. At the time of writing, a template for 
assessing the prostate was not available.

 Multiparametric Magnetic 
Resonance Imaging for Prostate 
Cancer

Today’s most accurate imaging technique for the 
detection, localization, and local staging of PCa 
is mpMRI. Multiparametric MRI is a combina-
tion of anatomical and functional MR images 
that together allow for an accurate assessment of 
the prostate. To depict the anatomy of the pros-
tate, T2-weighted images are used. The most 
used functional MR images are diffusion- 
weighted imaging (DWI) and dynamic contrast- 
enhanced imaging (DCE).

 T2-Weighted Imaging

T2-weighted imaging is the cornerstone of prostate 
mpMRI. Due to the high spatial resolution and soft 
tissue contrast, T2-weighted imaging is ideal for 
differentiating between the high-signal- intensity 
peripheral zone (PZ) and the low- signal- intensity 
central and transition zone (TZ) (Figs. 12.1 and 
12.2). In aging men, benign prostatic hypertrophy 
(BPH) commonly compresses the TZ whereby the 
remaining TZ is not recognizable anymore on 
mpMRI. Therefore, the prostate is mostly divided 
in a PZ and a TZ. The high signal intensity of the PZ 
may be disrupted due to the presence of PCa. 
However, benign conditions such as fibrosis, hem-
orrhage, atrophy, and prostatitis also frequently 
lower the signal intensity in the PZ and thus mimic 
PCa. However, based on morphologic features, 
commonly a  differentiation can be made. A focal, 
round, or irregular structure is more likely to be 
PCa, whereas prostatitis, for example, is marked by 
a wedge-shaped and diffuse morphology.

The TZ is characterized by a low signal intensity. 
However, BPH obscures and mimics PCa in the 
TZ. BPH mostly appear as nodules with circum-
scribed margins. Regularly, BPH nodules are 
 characterized by the mixture of hyper- and 

Table 12.1 A good radiology report according to the “6 
C’s” by Armas [10]

1 Clarity Used nomenclature should be 
clear to avoid any 
misunderstanding by the 
referring physician

2 Correctness Whenever possible, the 
radiology report should contain 
a precise diagnosis

3 Confidence The level of certainty of a 
finding or a conclusion should 
be clarified

4 Concision Findings should be reported 
with brevity

5 Completeness All relevant clinical 
information should be reported

6 Consistency Throughout the report, the 
included components should 
be the same

Fig. 12.1 Sagittal T2-weighted image of the prostate. S 
symphysis pubis, B bladder, TZ transition zone of the 
prostate, PZ peripheral zone of the prostate, SV seminal 
vesicle, R rectum
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 hypo- signal intensity. Based on these characteristics, 
often a distinction can be made between a benign 
nodule or PCa [13]. To increase the diagnostic accu-
racy of MRI for PCa, T2-weighted images should be 
used along with functional imaging techniques.

 Diffusion-Weighted Magnetic 
Resonance Imaging

The first functional imaging technique we will 
describe is diffusion-weighted imaging (DWI). 
In DWI, the Brownian motion of water protons is 
displayed. Brownian motion is the absolute ran-
dom motion of water molecules in unrestricted 
tissue. To illustrate this motion in prostate tissue, 
spin-echo echoplanar T2-weighted images (EPI) 
are used most often.

DWI consists of two components: a b-value 
and an apparent diffusion coefficient (ADC). The 
b-value reflects the strength of the diffusion- 
sensitizing gradient. The b-value is measured in 
seconds per square millimeter, and it thus reflects 
the amount of diffusion weighting. In prostate 
DWI, different sensitizing gradients (b-values) are 
used for optimal evaluation of aberrant lesions in 
the prostate. Small b-values only result in signal 
loss of highly mobile water molecules (such as 
blood in a vessel). As water movement in highly 

cellular tissue is restricted, the water molecules 
retain their signal, even in high b-values. Cancer is 
highly cellular and thus restricts water movement; 
this is characterized by a high signal intensity on 
high b-value images (Fig. 12.3) [14].

An ADC map is calculated from at least two 
b-values. An ADC map is an automated calcula-
tion process from the MR scanner. The ADC map 
reflects differences of tissue density in different 
b-values [15]. In contrast to b-value, high cellular 
tissue is reflected by a low signal intensity on the 
ADC map (Fig. 12.4).

Unfortunately, not only PCa is characterized 
by high cellular tissue. BPH, prostatitis, and 
fibrosis are examples of benign tissue that may 
be marked by a high signal intensity on b-value 
imaging and a low signal intensity on the ADC 
map as well. These benign conditions often ham-
per the assessment of PCa with DWI, as it does 
with T2-weighted imaging. Further, DWI is very 
susceptible to artifacts (i.e., motion, bowel 
movement, and susceptibility).

 Dynamic Contrast-Enhanced 
Magnetic Resonance Imaging

The second functional imaging technique that will 
be addressed in this chapter is dynamic contrast- 
enhanced MRI. DCE is an imaging  technique repre-
senting the vascular properties of tissue. Repeatedly 

Fig. 12.2 Transversal or axial T2-weighted image of the 
prostate. FH femoral head, TZ transition zone of the pros-
tate, PZ peripheral zone of the prostate, R rectum

Fig. 12.3 High b-value image as part of the diffusion- 
weighted images of the prostate
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acquired fast T1-weighted sequences before, during, 
and after intravenous administration of a gadolin-
ium-based contrast agent are used in DCE. Dedicated 
software is needed for post-processing the obtained 
images. Usually, color maps are extracted from the 
images for a simple understanding by both radiolo-
gists and non-radiologists. The colors used on those 
maps reflect a specific hemodynamic parameter, for 
example, the rate of wash-in and washout of the tis-
sue (Fig. 12.5) [16].

Like other cancers, PCa is highly vascularized. 
The hemodynamic properties of PCa are charac-
terized by an early and intense enhancement and 
subsequently a rapid washout. However, the 
assessment of DCE in the PZ is complicated by 
highly vascularized prostatitis. Within the TZ, the 
appreciation of DCE is difficult due to sometimes 
highly perfused BPH nodules. Corresponding 
T2-weighted images and DWI should be inter-
preted for a matched finding.

 Spectroscopic Magnetic Resonance 
Imaging

The last functional sequence that we will describe is 
spectroscopy. As spectroscopic imaging is not often 
used anymore, we will only briefly describe the 

technique and its application. In the early days of 
prostate MR imaging, spectroscopic imaging was 
commonly used as part of mpMRI. Spectroscopic 
measurements provide biochemical information 
about prostate tissue. Choline and citrate are the 
metabolites most commonly measured in prostate 
MR spectroscopy. Compared with normal tissue, 
PCa usually shows increased choline levels and 
decreased citrate levels [17].

The major drawback of MR spectroscopy is 
that it is a time-consuming procedure. Furthermore, 
the interpretation is quite difficult, so it needs a 
high reader experience. These are some reasons 
that spectroscopy is not often used anymore.

 Reporting Before the Use 
of the Prostate Imaging Reporting 
and Data System

About a decade ago, interest started to rise among 
radiologists in using MRI for the detection, localiza-
tion, and characterization of PCa. Prior to this time, 
MRI was primarily used for local-regional staging. 
The growing interest was motivated by the introduc-
tion of functional MRI techniques that allowed for 

Fig. 12.4 Calculated apparent diffusion coefficient (ADC) 
map as part of diffusion-weighted images of the prostate

Fig. 12.5 Color map reflecting the dynamic contrast- 
enhanced MR images of the prostate
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more accurate detection and localization of PCa. 
Evidently, no agreement or guideline for prostate 
reporting was available at that time, resulting in the 
use of a variety of reporting methods. These meth-
ods were often based on an ordinal scale.

The easiest ordinal scale for oncologic imag-
ing reporting is a binary scale allowing a radiolo-
gist to indicate whether a tumor is present or not. 
However, such a scale does not allow a radiolo-
gist to report equivocal findings. To overcome 
this gap, three-point and five-point scales were 
more used in prostate mpMRI [18].

Unfortunately, multiple problems arose with the 
varying scales used in prostate MR reading. Among 
scales, even in those with an equal range, different 
interpretations were being practiced. For example, 
a score of 5 (in a five-point scale) indicated “defi-
nitely cancer” in one system whereas it meant 
“likely malignant” in another [19, 20]. Another 
important dilemma was formed by the weighting 
of the different parameters used in mpMRI. The 
question arose whether all parameters should con-
tribute in an equal way to a sum score or whether 
one parameter should be more important than the 
other. Before PI-RADS, a great amount of uncer-
tainty existed relating to those difficulties. To stan-
dardize prostate MR assessment, following the 
example of the Breast Imaging Reporting and Data 
System (BI-RADS) in breast cancer, a scoring sys-
tem was introduced for PCa [2].

 The Prostate Imaging Reporting 
and Data System: What Is It?

 PI-RADS Version 1

In 2012, Barentsz et al. [2] published the 
European Society of Urogenital Radiology 
(ESUR) clinical guidelines for mpMRI of the 
prostate. A mixture of technical and clinical rec-
ommendations was presented to “promulgate 
high-quality MRI in acquisition and evaluation 
with the correct indications for prostate cancer 
across the whole of Europe and eventually out-
side Europe.” Along with these guidelines, the 
first version of the PI-RADS classification was 
introduced (PI-RADS v1).

The original published clinical guideline was 
not truly evidence based, but was rather an 
expert-opinion-based guideline. Formulating an 
evidence-based guideline was not possible at that 
time due to a lack of relevant literature. To com-
pensate for this lack of supportive evidence, con-
sensus among prostate MR experts was used to 
formulate “optimal” and “minimal” 
requirements.

The primary aims of the PI-RADS classifica-
tion were to improve diagnostic quality and to 
simplify and standardize radiology reports. The 
introduction of PI-RADS v1 allowed radiologists 
to assess the prostate in a structured manner using 
a scoring system with predefined requirements 
that a lesion must satisfy in order to be given a 
certain level of suspicion for being PCa. PI-RADS 
v1 was (like version 2) based on a five-point 
Likert score because these were the most used 
reporting scales at that time. Every parameter 
(T2-weighted, DWI, DCE, and, as an option, 
spectroscopy) was rated on a score ranging from 1 
to 5. Additionally, each lesion was given an over-
all score, also ranging from 1 to 5 (Table 12.2). 
PI-RADS v1 provided a separate scoring system 
for T2-weighted imaging for the PZ and the 
TZ. Version 2 also has an individual scoring for 
lesions located in the PZ or in the TZ.

Characteristic for PI-RADS v1 (which is not 
revisited in PI-RADS version 2) was the use of 
curve-type analysis in DCE imaging. Nowadays, 
a radiologist has to report whether the contrast 
enhancement pattern is positive or negative, 

Table 12.2 Assessment categories of Prostate Imaging 
Reporting and Data System (PI-RADS) version 1 and ver-
sion 2

Score 1 Clinically significant disease is highly 
unlikely to be present

Score 2 Clinically significant disease is unlikely 
to be present

Score 3 Clinically significant disease is 
equivocal

Score 4 Clinically significant disease is likely to 
be present

Score 5 Clinically significant disease is highly 
likely to be present

The higher the PI-RADS score, the higher the likelihood 
that clinically significant prostate cancer is present

W. Venderink and J.J. Fütterer



153

while previously the radiologist had a choice 
between different types of enhancement curves 
(Fig. 12.6). Also, spectroscopic imaging is not 
included in version 2. Spectroscopic imaging is 
now considered a research sequence.

Since the introduction of PI-RADS v1, it has 
extensively been validated in clinical and 
research settings, resulting in a sensitivity of 0.78 
(95% confidence interval [CI], 0.70–0.84) and a 
specificity of 0.79 (95% CI, 0.68–0.86) for PCa 
detection [21]. However, experience also 
revealed some limitations and therefore there 
was a need for a new version.

 PI-RADS Version 2

PI-RADS version 2 (PI-RADS v2) was devel-
oped to further improve the accuracy and inter- 
observer agreement of the first version as that 
version was limited by variable interpretations 
[22]. PI-RADS v2 was developed by members of 
a steering committee using the best available evi-
dence and expert consensus opinion [23].

We have already addressed some of the differ-
ences between version 1 and version 2. The other 

main novelties of version 2 include the use of a 
dominant sequence depending on the location of 
the lesion (PZ or TZ) and the employment of an 
overall score estimated from the individual scores 
of the used sequences. The overall PI-RADS 
score remains the same (Table 12.2).

In the appraisal of a lesion, first the location of 
the lesion has to be selected. This determines the 
dominant sequence of the overall PI-RADS 
score. Mainly, the overall PI-RADS score of a 
lesion located in the PZ follows the score of that 
lesion as determined with DWI. Only in case of a 
PI-RADS 3 score can a positive score on DCE 
upgrade the score to PI-RADS 4 (Table 12.3). 
T2-weighted imaging plays a minor role in 
lesions located in the PZ. The dominant sequence 
for lesions located in the TZ is T2-weighted 
imaging. Now, DWI can upgrade the overall 
PI-RADS score in case of an equivocal finding 
(PI-RADS 3) on T2-weighted imaging: a 
PI-RADS 5 on DWI may upgrade a PI-RADS 3 
lesion to PI-RADS 4 (Table 12.4).

As the functional imaging techniques are sus-
ceptible to artifacts, it is not always possible to 
obtain adequate DWI or DCE data. The other 
modalities will then play a more important role in 

Fig. 12.6 Types of enhancement curves used in the Prostate Imaging Reporting and Data System (PI-RADS) version 1
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the final PI-RADS score. In such a case, 
T2-weighted imaging is the dominant sequence 
and, depending on which functional imaging 
technique is missing, a PI-RADS 3 score may be 
upgraded to PI-RADS 4 (Tables 12.5 and 12.6).

 T2-Weighted Imaging
On T2-weighted imaging, a normal PZ 
(PI-RADS 1 score) is characterized by a uni-
form hyperintense signal intensity. If a hypoin-
tense signal intensity is seen, the shape, the 
heterogeneity, and the size of that lesion are 
important features to establish the PI-RADS 
score. A circumscribed, homogeneous hypoin-
tensity is scored PI-RADS 4 or a PI-RADS 5 (in 
case the greatest dimension is at least 1.5 cm or 
definite extraprostatic extension [EPE] is pres-
ent). Linear lesion, wedge- shaped lesion, and 
lesion with indistinct margins with a mild 
hypointensity are less suspected and thus scored 
PI-RADS 2. Equivocal lesions (PI-RADS 3) are 

often non-circumscribed but with a moderate 
hypointensity (Fig. 12.7). In contrast to the 
assessment of DWI and DCE, the appraisal of a 
lesion on T2-weighted imaging is slightly dif-
ferent between the TZ and the PZ.

The characteristics of a tumor located in the 
TZ include non-circumscribed homogeneous, 
moderately hypointense lesions (erased char-
coal). Also, a lenticular shape, speculated mar-
gins, or invasion of the urethral sphincter or 
anterior fibromuscular stroma are features of 
PCa. The PI-RADS score increases with an 
increasing number of present characteristics. 
BPH nodules often mimic or obscure PCa 
lesions. However, BPH nodules are character-
ized by their well-defined margins (encapsulated 
nodules) and the heterogeneous signal intensity. 
BPH nodules are often described as “organized 
chaos” (Fig. 12.8).

Table 12.3 Prostate Imaging Reporting and Data System 
(PI-RADS) version 2 classification of lesions located in 
the peripheral zone

DWI T2-weighted imaging DCE Overall PI-RADS

1 1–5 −/+ 1

2 1–5 −/+ 2

3 1–5 − 3

3 1–5 + 4

4 1–5 −/+ 4

5 1–5 −/+ 5

DWI diffusion-weighted imaging, DCE dynamic contrast 
enhancement

Table 12.4 Prostate Imaging Reporting and Data System 
(PI-RADS) version 2 classification of lesions located in 
the transition zone

T2-weighted DWI DCE Overall PI-RADS

1 1–5 −/+ 1

2 1–5 −/+ 2

3 1–4 −/+ 3

3 5 −/+ 4

4 1–5 −/+ 4

5 1–5 −/+ 5

DWI diffusion-weighted imaging, DCE dynamic contrast 
enhancement

Table 12.5 Prostate Imaging Reporting and Data System 
(PI-RADS) version 2 classification of lesions located in 
the transition zone in case an adequate DCE is not 
obtained. Lesions located within the peripheral zone are 
then solely determined by the DWI assessment category

T2-weighted DWI DCE Overall PI-RADS

1 1–5 × 1

2 1–5 × 2

3 1–4 × 3

3 5 × 4

4 1–5 × 4

5 1–5 × 5

DWI diffusion-weighted imaging, DCE dynamic contrast 
enhancement

Table 12.6 Prostate Imaging Reporting and Data System 
(PI-RADS) version 2 classification of lesions located in 
the transition zone or the peripheral zone in case an ade-
quate DWI is not obtained

T2-weighted imaging DWI DCE Overall PI-RADS

1 X −/+ 1

2 X −/+ 2

3 X − 3

3 X + 4

4 X −/+ 4

5 X −/+ 5

DWI diffusion-weighted imaging, DCE dynamic contrast 
enhancement
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 Diffusion-Weighted Magnetic 
Resonance Imaging
The assessment of DWI includes both the high 
b-value and the ADC. In a normal prostate, no 
abnormality is seen on b-value nor on ADC. A focal 
hypointensity on ADC and a focal hyperintensity on 
b-value are scored a PI-RADS 4 or 5. Again, a cut-
off of 1.5 cm of the greatest dimension or a definite 
presence of EPE is used in order to make the differ-
ence between the two scores. A focal moderate 

hypointensity and a same hyperintensity on ADC 
and b-value, respectively, result in a PI-RADS 3 
score, whereas a doubtful hypointensity on ADC 
alone should result in a PI-RADS 2 (Fig. 12.9).

 Dynamic Contrast-Enhanced Magnetic 
Resonance Imaging
Since PI-RADS v2, DCE is a binary scale only 
including the decision of being either positive 
or negative. A positive enhancement pattern is 

Fig. 12.7 Prostate Imaging Reporting and Data System (PI-RADS) version 2 assessment for peripheral zone lesions 
on T2-weighted images
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defined by a focal and earlier or contemporane-
ously enhancement compared to normal pros-
tatic tissue. Additionally, the finding has to 
correspond to a suspicious finding on 
T2-weighted imaging or DWI, as often focal 
enhancement alone is seen in the prostate, 
which is not definitive for clinically significant 
PCa (Fig. 12.10). As with DWI, the assessment 
characteristics of DCE are the same for the PZ 
and the TZ.

 The Prostate Imaging Reporting 
and Data System: What Can It Do?

The specific aims of the PI-RADS classification 
are quality guarding, simplifying and standardizing 
radiology reports for enhanced communications 
with referring clinicians, educating radiologists, 
collecting data for outcome monitoring and 
research, risk stratification of patients for tailored 
management, and guiding targeted biopsy.

Fig. 12.8 Prostate Imaging Reporting and Data System (PI-RADS) version 2 assessment for transition zone lesions on 
T2-weighted images
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The PI-RADS score provides an effective 
framework for determining the likelihood of 
prostate cancer on mpMRI. The PI-RADS 
assessment uses a five-point scale based on the 
probability of the presence of clinically signifi-
cant prostate cancer detected on the combined 
use of T2-weighted, DWI, and DCE MRI using 
a dominant sequence (Table 12.2). For mapping 
lesions, up to four findings with a PI-RADS 

score of ≥3 may be each assigned on the sector 
map. Further, the index lesion should be identi-
fied, which is the lesion with the highest 
PI-RADS score or the one that shows extracap-
sular extension. The identification of the index 
lesion is important in targeted biopsy.

By using PI-RADS v2, general body radi-
ologists and prostate specialists can detect 
high- grade index prostate cancer lesions with 

Fig. 12.9 Prostate Imaging Reporting and Data System (PI-RADS) version 2 assessment for transition and peripheral 
zone lesions on diffusion-weighted images
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high sensitivity and agreement [24]. However, 
experienced radiologists have achieved moder-
ate reproducibility for PI-RADS v2, and nei-
ther required nor benefitted from a training 
session. Agreement tended to be better in PZ 
than TZ, although it was weak for DCE in PZ 
[25]. Other authors found an inter-reader 
agreement that was excellent for PI-RADS 
score of 4 or greater (weighted κ[kappa] = 0.801; 
95% CI: 0.737, 0.865) [26].

Prostate lesions characterized on mpMRI as 
PIRADS 3, according to the current prevalent 
scoring systems, are associated with a low likeli-
hood of the presence of clinically significant 
prostate cancer [27]. PI-RADS v2 showed 
 moderate accuracy for the identification of clini-
cally significant prostate cancer [28].

A visible lesion on mpMRI strongly predicts 
significant PCa in patients eligible for active sur-
veillance (AS) according to PRIAS criteria 
(Prostate Cancer Research International: Active 
Surveillance), based on upstaging and unfavor-
able disease. Multiparametric MRI is an impor-
tant tool and should be added to clinical selection 
criteria for AS [29]. In the latter study, multivari-
ate logistic regression revealed that PIRADS 5 
was a significant predictor of upstaging (p = 0.05, 
OR 16.12) and unfavorable disease (p = 0.01, OR 

6.53). Furthermore, the presence of PI-RADS 4 
or 5 lesions on men enrolled to AS programs for 
prostate cancer warrants concern [30].
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 Introduction

Prostate cancer is the most common solid organ 
malignancy and the second most common cause 
of cancer-related deaths among men in the United 
States. According to the Surveillance, 
Epidemiology, and End Results (SEER) database 
of the National Cancer Institute, approximately 
180,890 men will be newly diagnosed in 2016, 
and 26,120 will die of prostate cancer [1]. Hence, 
it constitutes a major challenge for healthcare 
systems. Since 1994, when the US Food and 
Drug Administration (FDA) approved screening 
with serum prostate-specific antigen (PSA) in 
combination with digital rectal examination 
(DRE), there has been a dramatic surge in the 
number of newly diagnosed cases, resulting in 
treatment in the form of surgery or radiation ther-
apy. However, it has become increasingly recog-
nized that not all “tumors” require treatment. 
While many prostate tumors exhibit aggressive 
behavior leading to metastatic disease and death, 
even more have an indolent course such that men 

die with prostate cancer but not of prostate can-
cer. The recognition that not all prostate cancers 
require treatment has been revolutionary and has 
resulted in the increasing use of active surveil-
lance rather than active intervention with its 
attendant side effects. However, despite these 
efforts to reduce the impact of overdiagnosis 
with active surveillance, the use of PSA for 
screening has decreased in the United States after 
the findings of the US Preventive Services Task 
Force (USPSTF) were reported in 2012, conclud-
ing that PSA screening was not justified [2, 3]. 
These findings were, in part, based on the results 
of two large prospective trials: one initiated in the 
United States (the Prostate, Lung, Colorectal and 
Ovarian Cancer Screening Trial or PLCO) and 
the other in Europe (the European Randomized 
Study of Screening for Prostate Cancer Trial or 
ERSPC). These studies reached different conclu-
sions regarding PSA screening, with the PLCO 
trial showing no benefit in mortality reduction 
and the ERSPC trial showing only a small reduc-
tion in mortality in the screened arm [4, 5]. 
Recently, the PLCO trial has been criticized for 
allowing patients in the control arm to have inter-
mittent PSA testing. Close to 90 % of the control 
group’s patients had PSA testing done, thus 
bringing into question the evidence upon which 
the US Preventive Services Task Force recom-
mendations were made [6]. The degree of con-
tamination in the ERSPC trial has also been 
questioned, although it is undoubtedly less. 
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Given the slow-growing nature of most prostate 
cancers, even one or two PSA tests during the 
study could have negated any benefits of PSA 
screening. Thus, there is reason to question the 
prudence of the USPSTF decision. Many observ-
ers believe this decision will need to be reversed 
as the percentage of men with advanced or meta-
static disease at presentation increases, as has 
been suggested in some recent studies [7]. 
Meanwhile, European authorities continue to 
mainly endorse PSA screening.

Although overdiagnosis and overtreatment 
have received more attention during this contro-
versy, somewhat neglected is the considerable 
amount of underdiagnosis of potentially lethal 
prostate cancer due to misses on systematic 
biopsies. The current standard of care in men 
suspected of having prostate cancer, based on 
elevated PSA and/or suspicious DRE, is a sys-
tematic 10–12 core biopsy (extended sextant 
biopsy) of the prostate—usually obtained tran-
srectally through transrectal ultrasound (TRUS) 
guidance in the United States. However, sys-
tematic biopsies of the prostate often miss or 
undergrade tumors in up to 36 % of cases, when 
compared to prostatectomy specimens [8]. 
Despite the fact that these random biopsies are 
obtained with TRUS, ultrasound is generally 
insensitive to the detection of small tumors, and 
therefore biopsy needles are not necessarily 
directed into suspicious areas but rather are 
deployed in asymmetric patterns that do not 
take into consideration the location of the tumor. 
As many as 25–40 % of tumors show an 
isoechoic pattern on TRUS and are not visible 
unless they reach a larger size. Such errors can 
lead to missed diagnosis and delayed therapy. 
Thus, the current methods of PSA screening and 
random biopsy lead to underdiagnosis of clini-
cally significant tumors.

The key to resolving both the overdiagnosis 
and the underdiagnosis dilemmas lies in 
improving the ability to detect prostate cancer 
locations and to provide a risk evaluation. To 
some extent, risk evaluation can be based on 
known risk factors such as age, PSA, and digi-
tal rectal exam status. These have been codified 
in several well- known nomograms. However, 

these nomograms also have several well-known 
problems. First, they provide no information 
regarding tumor location and therefore do not 
aid directly in guiding the biopsy. Moreover, 
they only provide a group risk estimate and do 
not individualize a particular patient’s risk [9]. 
Several novel biomarkers have been introduced 
to improve individual risk assessment. For 
instance, the FDA approved the PCA3 and 
ProPSA assays in 2012. Although these improve 
on the accuracy and specificity of PSA with 
regard to predicting tumor aggressiveness and 
prognostic features, their eventual role in clini-
cal routine is unclear, given the inability to 
localize tumors [10]. In order to both localize 
and stratify prostate cancer, magnetic reso-
nance imaging (MRI) with image- guided 
biopsy has been introduced. A variety of alter-
native imaging methods including sonoelastog-
raphy, HistoScanning, and contrast-enhanced 
ultrasound (CEUS) have been introduced, but 
do not perform as well as MRI.

MRI of the prostate and MRI-guided biopsy 
of the prostate were first described in the late 
1980s [11]. In the early days of MRI, it was used 
strictly as a staging tool for biopsy-proven pros-
tate cancers prior to surgery. It proved to have 
limited utility. It was not until the late 1990s that 
the potential of MRI to localize tumors within 
the prostate was recognized. In the last decade, 
MRI has evolved to include a combination of 
anatomical and functional MR sequences, creat-
ing the so-called multiparametric MRI (mpMRI). 
When used in combination with TRUS for MRI-
fusion- guided targeted biopsies, this method has 
shown higher detection of clinically significant 
cancers and reduced detection of clinically insig-
nificant cancers in patients after a prior negative 
systematic TRUS-guided biopsy [12, 13]. These 
promising results have led to increased applica-
tion of mpMRI in the management of patients 
suspected of prostate cancer after negative sys-
tematic biopsies and in defining candidates for 
active surveillance.

The use of mpMRI has evolved rapidly in 
recent years and current treatment guidelines still 
do not incorporate the use of mpMRI. However, 
more centers are integrating mpMRI in their care 
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management workflows. Guidelines often lag 
practice, as a new method is often tested in aca-
demic centers before it is recommended for broad 
use. Meanwhile, prior to 2015, mpMRI was per-
formed and interpreted in a variety of ways mak-
ing it difficult to compare results. In 2015, the 
Prostate Imaging Reporting and Diagnosis 
System (PI-RADS) version 2 was published, 
which created standards for the performance and 
reporting of mpMRI. Here, we provide an over-
view of prostate mpMRI using PI-RADS version 
2 nomenclature and describe the role of mpMRI 
in prostate cancer assessment.

 Magnetic Resonance Imaging 
Acquisition

Multiparametric MRI consists of a combination 
of two anatomic sequences (T1-weighted [T1W] 
and T2-weighted [T2W]) and two functional 
sequences (diffusion-weighted imaging or DWI) 
and dynamic contrast-enhanced MRI (DCE- 
MRI). MR spectroscopic imaging, which had 
been a part of mpMRI, is no longer included in 
routine protocols as it provided minimal gain 
while requiring specialized expertise and sub-
stantial amounts of imaging time [14]. As mpMRI 
has begun to play a larger role in local staging, 
follow-up, and recurrence, emphasis has shifted 
to obtaining better images, with good spatial res-
olution, temporal resolution, and high signal-to- 
noise ratio [15]. In order to reach these goals, 
some key steps such as patient preparation and 
the correct use of proper MRI equipment with 
optimized protocols must be observed.

 Patient Preparation

There is no consensus regarding patient prepara-
tion; however, PI-RADSv2 guidelines define sev-
eral basic aspects of patient preparation. For 
instance, it is recommended that the patient’s 
most recent PSA, PSA history, digital rectal exam 
findings, biopsy history, and family history be 
available prior to the MRI since this information 
can be helpful in tailoring the correct protocol. 

Additionally, labs should be drawn to obtain esti-
mated glomerular filtration rate (GFR), in order 
to ensure the safe administration of gadolinium- 
based contrast media during the DCE portion of 
the exam [16].

Many patients who undergo mpMRI to evalu-
ate prostate cancer are also patients who have 
undergone previous prostate biopsy. Hemorrhage 
from such biopsies is a source of artifact on MR 
images [17] and can mimic cancers on T2W 
imaging [18]. Generally, it is advised that mpMRI 
should be delayed at least 6 weeks post-biopsy, 
or as long as it takes for residual hemorrhage to 
resolve. A T1-weighted MRI can quickly check 
for the presence of hemorrhage, and, if present, 
the patient should be rescheduled. Bowel peri-
stalsis and stool or air in the rectum can also com-
promise image quality due to movement (which 
causes image blurring) and due to susceptibility 
artifacts (which causes image distortion) mainly 
on DWI. In order to solve this challenge, the 
patient is advised to evacuate their rectum before 
imaging and can be offered an antispasmodic 
agent such as glucagon, scopolamine butylbro-
mide, or sublingual hyoscyamine sulfate for inhi-
bition of peristalsis [19]. However, evidence for 
the utility of antispasmodic agents is unconvinc-
ing, and such agents are usually not administered. 
Finally, for evaluating the seminal vesicles, we 
recommend that men avoid ejaculation for 3 days 
prior to the MRI so that the seminal vesicles will 
be optimally distended [20].

 MRI Equipment

There are two important equipment issues relat-
ing to prostate MRI: the field strength of the 
MRI unit and the use of endorectal coils (ERCs). 
The minimum field strength advised for prostate 
cancer diagnosis is 1.5 tesla (T). 3 T scanners 
have better signal-to-noise ratios, and this 
allows higher-resolution images to be obtained 
in a shorter time [21]. Most expert centers uti-
lize 3 T, although very acceptable images can be 
obtained at 1.5 T depending on the quality and 
age of the individual MRI unit and the care with 
which it is used.
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All pulse sequences can be obtained with 
either external phased-array surface coils or an 
endorectal coil (ERC) [22, 23]. The ERC further 
improves signal-to-noise ratios (SNR), which can 
be used to obtain images with better resolution 
that are less prone to artifacts. Often ERC is rec-
ommended with 1.5 T MRI to overcome the SNR 
limitations of the latter. However, ERC also has 
been used with 3 T MRI to obtain maximal SNR 
[24]. While ERC provides clear benefits, there 
are also a number of drawbacks including 
increased cost and patient discomfort with inser-
tion. Generally, the discomfort associated with 
ERC is overestimated, and most patients describe 
only low to moderate discomfort [25]. The use of 
the ERC may also be particularly helpful in cer-
tain clinical scenarios that require higher resolu-
tion, such as local staging, and for detection of 
recurrence after definitive treatment. However, 
the ERC may not be necessary in patients with 
small tumors or those who are followed on active 
surveillance. An important technical consider-
ation is deciding what the balloon surrounding 
the actual ERC should be filled with. Simply put-
ting air in the balloon, as suggested by the manu-
facturer, often leads to susceptibility artifacts, 
and therefore many centers have switched to 
using solutions such as dilute barium or perfluo-
rocarbon. We find the latter to be particularly 
helpful in achieving high-quality images [26].

 Pulse Sequences

Multiparametric MRI consists of four main pulse 
sequences, resulting in a combination of anatom-
ical and functional data. High-resolution 
T2-weighted (T2W) images and T1-weighted 
(T1W) images are mainly used for review of 
morphology. In addition to these anatomical 
sequences, two functional sequences are also 
obtained. These are the diffusion-weighted imag-
ing (DWI) sequences and dynamic contrast- 
enhanced (DCE) imaging, which requires the 
administration of intravenous contrast media. 
These four sequences work together to help 
define and confirm suspicious lesions within the 
prostate [27]. Details of acquisition for the main 

three sequences (T2W, DWI, DCE) are displayed 
in Table 13.1 [16].

T1W images are used to rule out the pres-
ence of biopsy-related residual hemorrhage and 
thus should be acquired prior to the other 
sequences. For T1W images, we use an axial 
image with the same thickness as the T2W 
images, which is usually 3 mm. The images can 
be obtained with or without fat suppression 
using spin echo or gradient echo (GRE) 
sequences. Fat suppression removes adipose 
hyperintensity that can interfere with interpre-
tation of the image, but fat suppression is not 
critical. Since T1W MRI is mainly used for 
visualizing post-biopsy hemorrhage, image res-
olution is not critical. Residual hemorrhage can 
hinder accurate visualization of tumors within 
the prostate, so if a hyperintensity in the gland 
is seen, the patient should be rescheduled for 
mpMRI after waiting an appropriate period of 
time for the hemorrhage to resolve [16, 17].

T2W MRI is the main sequence used to delin-
eate the prostate’s zonal anatomy, to detect 
lesions, and to determine local staging; therefore, 
full coverage of the prostate and surrounding 
structures with high spatial resolution is essen-
tial. High image quality is particularly important 
for extraprostatic extension (EPE). To visualize 
the entirety of the prostate’s anatomy, multipla-
nar images in axial, coronal, and sagittal are 
obtained. We perform T2-weighted MRI using 
fast-spin-echo images at 3 mm slice thickness 
with a field of view between 12 and 20 cm to 
allow visualization of the seminal vesicles as 
well as the entire prostate gland. Typically, 
images are obtained in two dimensions (2D); 
however three-dimensional (3D) images may 
also be obtained, and some consider 3D imaging 
more efficient and accurate [16, 28].

The most important functional sequence is 
DWI. DWI reflects the diffusion of free water 
molecules within the tissues and has much lower 
spatial resolution than the anatomical sequences. 
This sequence should be obtained in the axial 
plane at the same or similar geometry and slice 
thickness as the T2W images, for ease of com-
parison. DWI can be quantified by calculating 
apparent diffusion coefficient (ADC) maps voxel 
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by voxel using a signal decay model. ADC values 
are lower in areas of less diffusion, and vice 
versa. ADC values are calculated at various 
 magnetic gradient strengths, referred to as b-val-
ues. DWI images are usually obtained using 
b-values ranging from 0 to 800 s/mm3 [29]. At 
b-values >1000 s/mm3, a “high b-value” image 
can be produced, which displays areas of 
decreased diffusion as regions of high signal 
[30]. However, high b-value imaging is compro-
mised in signal-to- noise ratio, so another option 
is calculating a high b-value image based on 
lower b-value images [31]. The optimal high 
b-value for signal differentiation of tumors is 
1500–2000 s/mm3 [32]. Lower b-values are not 
as sensitive for tumor; higher values are associ-

ated with too much suppression of the back-
ground anatomy and loss of SNR [16, 33].

DCE-MRI consists of rapid 3D gradient echo 
(GRE) T1W images obtained before, during, and 
after administration of a gadolinium chelate- 
based contrast agent. The dynamic images should 
be acquired in the axial plane within the same 
slice width and geometry as the other sequences 
in the mpMRI set. This sequence reflects the 
leakage of the low-molecular-weight contrast 
agent into areas of pathology in the prostate. Due 
to tumors’ increased vascular permeability as a 
result of angiogenesis, there is more rapid 
enhancement and wash-out after contrast admin-
istration, in comparison to the surrounding tissue. 
Before administration of contrast, the patient’s 

Table 13.1 Acquisition parameters for T2W, DWI, DCE sequences of mpMRI. Adapted from [16]

T2W DWI DCE

Image acquisition 2D RARE (rapid 
acquisition with 
relaxation enhancement) 
pulse sequences used. 
Avoid excessive echo 
train lengths to minimize 
blurring

Free-breathing spin echo 
EPI sequence combined 
with spectral fat saturation. 
ADC maps are calculated 
voxel by voxel. High 
b-value images may be 
acquired or calculated

Rapid 3D gradient echo 
T1W images obtained 
before, during, and after 
administration of contrast. 
Fat suppression 
recommended

Slice orientation Axial, coronal, sagittal Axial Axial

TR/TE (ms) 2D RARE used ≤90 ms/≥3000 ms <100 ms<5 ms

Slice thickness 3 mm, no gap.
Should match other 
sequences

≤4 mm, no gap.
Should match other 
sequences

3 mm, no gap.
Should match other 
sequences

FOV (cm) 12–20 cm. Should be 
adjusted to cover entire 
prostate gland and 
seminal vesicles

16–22 cm Should be adjusted to cover 
entire prostate gland and 
seminal vesicles

B-value (strength of 
magnetic field gradient 
applied)

– ADC maps: ranging 
50–100 s/min3 to 800–
1000 s/min3.
High b-value images: ≥ 
1400-2000 s/min3

–

In-plane resolution 
(phase × frequency)

≤0.7 × ≤0.4 mm ≤2.5 × ≤2.5 mm ≤2 × ≤2 mm

Temporal resolution – – 7 s preferred. Should be 
≤10 s

Total observation rate – – ≥2 min

Contrast administration – – Dose: 0.1 mmol/kg standard 
GBCA. Injection rate: 
2–3 cc, with continuous 
image acquisition

T2WT2-weighted, DWI diffusion-weighted imaging, DCE dynamic contrast enhanced, EPI echo planar imaging, 
T1WT1-weighted, TR/TE repetition time/echo time, FOV field of view, ADC apparent diffusion coefficient, GBCA 
gadolinium-based contrast agent
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estimated glomerular filtration rate should be 
measured, as gadolinium-based contrast agents 
have been linked to nephrogenic systemic fibro-
sis in renal failure patients. Estimated GFR of at 
least 30 ml/min/1.73 m3 is considered safe as per 
the FDA recommendations [16, 34].

 Multiparametric MRI Interpretation

There are characteristic signal patterns on each 
sequence of the multiparametric MRI that are 
indicative of malignancy. Some are considered 
“dominant” depending on the location of the 
lesion within the gland; however, all data from 
every sequence should at least be considered 
when interpreting these studies. For instance, in 
the peripheral zone DWI is considered “domi-
nant,” whereas in the transition zone T2W is con-
sidered “dominant.”

In interpreting T2W MRI, zonal anatomy can 
be appreciated immediately (Fig. 13.1). The 
peripheral zone is a hyperintense area on T2W 
bordering the iso-hypointense transition zone. 
The transition zone and peripheral zone are sepa-
rated by the pseudocapsule or “surgical capsule,” 
and the central zone, which is posteriorly and 
superiorly located in the gland, can sometimes be 
seen surrounding the ejaculatory ducts toward the 
base of the prostate. Ideally, one should also be 

able to identify the prostate capsule, neurovascu-
lar bundles at the 5 o’clock and 7 o’clock posi-
tions, and the seminal vesicles. Visualization of 
these structures is important for evaluating extra-
prostatic extension and for accurate locoregional 
staging. Suspicious lesions in the prostate tend to 
have shorter T2 relaxation time, causing them to 
be darker than surrounding tissue [35, 36]. In the 
peripheral zone (PZ), areas of suspicion appear 
hypointense, compared to the normally hyperin-
tense PZ, and are often depicted as linear or het-
erogeneous regions with ill-defined borders or 
more homogenous regions with more defined 
borders. Because the normal PZ is relatively high 
in signal, most lesions can be seen on T2W. In the 
transition zone (TZ), the appearance of benign 
prostatic hyperplasia is more heterogeneous, 
often with well-circumscribed benign prostatic 
hyperplasia (BPH) nodules in older patients. In 
the TZ, a suspicious lesion may be similar in 
intensity or slightly less intense than the back-
ground tissue, and signal pattern may range from 
homogenous to heterogeneous. However, these 
findings are nonspecific for malignant changes 
on T2W imaging, as inflammation, atrophy, scar-
ring, or hyperplasia may also cause the prostate 
tissue to have discrete low signal regions on T2W 
or be diffusely heterogeneous [37].

On DWI MRI, areas with restricted water dif-
fusion are hypointense relative to the surrounding 

Fig. 13.1 Axial T2W MR scan of normal prostate anat-
omy is shown in (a). The transition zone (white asterisk) 
is separated from the peripheral zone (black asterisk) by 
the “surgical capsule” or pseudocapsule. The peripheral 
zone is surrounded by the prostatic capsule. The neuro-
vascular bundles (arrowheads) can be visualized at the 5 

o’clock and 7 o’clock positions. The urethra (solid arrow) 
is at the center. Anteriorly, the transition zone meets the 
anterior fibromuscular stroma (dashed arrow). In a supe-
rior axial slice from the same scan (b), the seminal vesi-
cles (arrow) appear as well-dilated tubules
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normal structures. Tumors, because of their 
tightly packed cellularity and increased stroma 
compared to the surrounding tissue, have more 
impeded water diffusion. The apparent diffusion 
coefficient is calculated on a voxel-by-voxel 
basis at varying gradient strengths (“b-values”). 
On the ADC map of DWI, areas with restricted 
diffusion will have lower ADC values and appear 
hypointense. ADC maps can be highly predic-
tive. For instance, Faletti et al. demonstrated that 
a negative ADC map combined with a normal 
T2W MRI had a negative predictive value of 
100 %. Thus, ADC maps can be a useful in dif-
ferentiating benign and malignant lesions [38]. 
Additionally, ADC values inversely correlate 
with Gleason score of the lesion and can play a 
role in determining whether the cancer is low- or 
high-risk [39, 40]. Such information can help to 
determine whether a patient should be biopsied. 
ADC maps should always be interpreted with 
high b-value images acquired at b-values >1000 s/
mm3 or extrapolated from lower b-value images. 
These images display malignancy as high in sig-
nal making it easier to detect, in comparison to a 
relatively hypointense background in both the 
transition and the peripheral zones. High b-value 
imaging increases the sensitivity and specificity 
of prostate cancer detection on mpMRI [41]; 
b-values 1500–2500 s/mm3 are ideal for detect-
ing malignancy [33]. Tumor detection in the tran-
sition zone is especially improved with analysis 
of high b-value images [37]. Any suspected 
tumors on a high b-value image or an ADC map 
should be cross-checked with each other and also 
compared to the corresponding T2W image for 
confirmation that a suspicious area on the ana-
tomical image is being evaluated.

DCE-MRI is another functional imaging 
method that also contributes to better detection of 
tumors. DCE-MRI takes advantage of enhanced 
capillary permeability of tumor vasculature. 
Normally, after contrast administration, a 
patient’s prostate will show enhancement in the 
TZ with little enhancement in the PZ. In cases of 
BPH, there can be wide variation in enhance-
ment. However, malignancies typically demon-
strate increased vascular leakiness that leads to 
focal and rapid enhancement within the tumor. 

This is often accompanied by early wash-out of 
the enhancement due to increased blood flow and 
vessel leakiness. The combination of an early 
focal enhancement with early wash-out is strong 
evidence of a tumor. Thus, DCE-MRI adds confi-
dence to the diagnosis, which is primarily based 
on the other sequences. DCE-MRI has proven to 
be most useful in the posttreatment setting when 
there is suspected recurrence, for which it exhib-
its high sensitivity and specificity [42].

Controversy remains regarding how best to 
analyze DCE-MRI data. The time-signal curve 
generated by a region of interest (ROI) in a sus-
pected area can be evaluated qualitatively, semi-
quantitatively, or quantitatively. Qualitatively, 
early enhancing foci in the prostate can be visual-
ized by scrolling the DCE-MRI in the cine mode. 
With experience, it is straightforward to recog-
nize early, focal enhancement and early wash- 
out. Semiquantitative analysis extracts simple 
measurements from time-intensity curves, such 
as time of initial contrast uptake, time to peak 
enhancement, maximum slope, and wash-in and 
wash-out slopes. Qualitative and semiquantita-
tive evaluation of DCE-MRI both improve detec-
tion of tumors, and the two interpretations 
perform similarly among readers [43]. However, 
they do not take into account factors such as gad-
olinium concentration is not directly related to 
MR signal intensity and the diffusion rate of con-
trast into tissues. Multiple attempts have been 
made to quantitate DCE-MRI in order to stan-
dardize measurements of enhancement across 
patients and scanners. In the quantitative 
approach, gadolinium concentration within the 
tissue is calculated based on relaxation rates of 
tissue, arterial input functions are measured, and 
the resulting curves are fit to a time-concentration 
curve from which rate constants such as Ktrans and 
Kep can be derived [44]. Although appealing in 
theory, there are several practical limitations. For 
instance, it is nearly impossible to measure actual 
input function to the tumor. Instead, approxima-
tions are made from adjacent large vessels such 
as the femoral artery. Moreover, estimating the 
T1 of tissue is fraught with error, and thus gado-
linium concentration can be inaccurate. Also 
troubling is the plethora of different models, each 
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employing different assumptions that fill the 
 literature. The value of such analyses when bal-
anced against the difficulties encountered in 
obtaining them means that quantitative analysis 
of DCE-MRI is rarely employed. The weak-
nesses of DCE-MRI in general in the TZ reduce 
its value for a large part of the prostate gland 
[37]. Thus, T2W MRI and DWI have proven to 
be more robust than DCE-MRI. As a conse-
quence, DCE-MRI plays a relatively minor role 
in PI-RADSv2 and is used primarily in increas-
ing the score of lesions deemed to be PI-RADS 3 
to PI-RADS 4 when classical tumor enhance-
ment is seen.

In summary, a typical cancer within the prostate 
appears hypointense on T2W MRI, with low signal 
on the ADC map but high signal on high b-value 
DWI. The typical cancer enhances early after con-
trast administration on DCE-MRI (Fig. 13.2). 

There is some overlap between the imaging appear-
ance of a malignancy and benign prostatic pro-
cesses such as prostatitis and BPH; however, 
distinction is usually possible. The interpretation 
of mpMRI has been improved by the adoption of 
the PI-RADSv2 guidelines. In PI-RADSv2, a 
score ranging from 1 to 5 is assigned to each 
lesion. If the lesion is in the PZ the score is highly 
reliant on the DWI score and less on T2W and 
DCE-MRI; however, a positive DCE-MRI score 
can increase a PI-RADS 3 score to PI-RADS 4 
thus communicating that a biopsy is indicated. In 
the TZ, the dominant pulse sequence is T2W, and 
DWI can be used in a similar manner as DCE-
MRI in the PZ to increase a PI-RADS score of 3 
to 4. Lesions scored as PI-RADS 4 or 5 suggest 
an increased likelihood of clinically significant 
malignancy, but the utility and reliability of 
PI-RADSv2 is still under investigation [16].

Fig. 13.2 A 64-year-old patient with a PSA = 6.10 ng/ml. 
Axial T2W MRI shows a hypointense lesion in the left 
mid-anterior transition zone, greatest diameter 1 cm 
(arrow) (a). The lesion is confirmed by hypointensity in 
the same location on ADC map (b), hyperintensity in the 

same location on b2000 DWI (c), and demonstration of 
hypervascularity within this location with early enhance-
ment on DCE-MRI (d). Patient subsequently underwent 
MRI/fusion-guided biopsy, which resulted in a Gleason 
3+4 disease diagnosis
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 Biopsy Guidance

By themselves, mpMRI findings are of little 
value. It is only after the mpMRI findings are 
used to obtain a tissue diagnosis that proper ther-
apy can be instituted. Multiparametric MRI pro-
vides the opportunity for image-guided biopsy of 
suspected tumors. Common methods of using 
mpMRI during the biopsy procedure include 
cognitive fusion with real-time TRUS imaging, 
MRI/TRUS fusion devices, and in-bore MRI 
biopsy. In contrast, the standard 12-core system-
atic biopsy is not truly image-guided as the TRUS 
is unable to detect prostate cancers reliably. MRI- 
guided biopsies can reduce the need for biopsy 
by demonstrating a normal gland. MRI-guided 
biopsy also reduces the diagnosis of low-risk 
cancer and increases the diagnosis of intermedi-
ate/high-risk cancer [45–47].

With cognitive fusion-guided biopsy, the 
operator uses their prior review of the mpMRI 
images to guide the needle to the same region 
on the TRUS [48]. Because the planes of sec-
tion between MRI and ultrasound are usually 
quite different, accurate knowledge of where an 
MRI finding appears on the TRUS can be very 
challenging. Cognitive biopsies require both 
experience and an understanding of the differ-
ence between axial MRI images and oblique 
ultrasound images. Therefore, the method is 
highly user dependent. Additionally, since there 
is no image taken while the biopsy is per-
formed, location of the needle and biopsy site 
cannot be recorded [49]. This makes it impos-
sible to confidently sample the same area on 
follow-up studies.

A relatively new alternative to cognitive 
biopsy is MRI/TRUS fusion biopsy. After the 
mpMRI is performed, the prostate gland is seg-
mented and lesions are identified. The images are 
then transferred to the ultrasound suite where a 
software fusion system matches live transrectal 
ultrasound images to the acquired mpMRI 
images. The ultrasound is live-tracked using 
either a mechanical arm or a radiofrequency 
device. Once the two images are fused, the ultra-
sound can be tracked so that an updated MR 
image in the same plane as the TRUS is always 

displayed to the operator. With this method, 
accurate biopsies can be obtained, and the biopsy 
sites can be recorded [50]. Using this technique 
in more than 1000 patients, a 30 % higher detec-
tion rate of clinically significant cancer and a 
17 % lower detection of indolent disease were 
found when compared to 12-core systematic 
biopsies [12]. Popular fusion systems include 
UroNav® (Invivo, Gainesville, FL), Artemis® 
(Eigen, Grass Valley, CA), Urostation® (Koelis, 
Meylan, France), and BiopSee® (Pi Medical, 
Athens, Greece), and each has a steep learning 
curve for operation [51].

Finally, in-bore MRI-guided biopsy is another 
possible method for image-guided biopsy. The 
biopsy takes place in the MR gantry after an ini-
tial mpMRI has detected suspicious lesions 
within the prostate. Biopsy needles can be intro-
duced into the prostate either transrectally or 
transperineally, and MR images are obtained to 
ensure that the needles are in the correct location. 
Advantages of this approach include accurate 
detection of clinically significant cancer and 
good visualization of the needle [52]. However, 
patient discomfort is significant when they must 
be in the gantry for a long time, and the biopsy is 
highly user dependent and very difficult to teach 
to new operators. Moreover, the procedure is 
resource intense and thus also expensive com-
pared to the other methods [53].

 Indications for Magnetic Resonance 
Imaging

 Detection of Prostate Cancer

The main purpose of mpMRI is to improve detec-
tion of prostate cancer compared to systematic 
biopsy, which is the current standard of care. 
Systematic biopsy is performed in patients either 
because of a suspicious digital rectal exam or an 
elevated PSA, but because TRUS is limited in its 
ability to detect prostate cancer, the biopsies are 
taken blindly from 10 to 12 different areas of the 
prostate. Significant cancer can be missed. Siddiqui 
et al. demonstrated that tumors detected with 
mpMRI can identify 30 % more clinically  significant 
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cancers and 17 % fewer insignificant cancers com-
pared with TRUS-guided biopsies [12].

Although mpMRI contributes to more accu-
rate detection of prostate cancer, it has some 
limitations. Up to 18.7 % of MRIs can be false 
negative for prostate cancer [54]. One explana-
tion could be that certain tumors do not grow 
focally but rather spread radially and discon-
tinuously and are sometimes referred to as 
“sparse tumors.” There is some evidence, how-
ever, that these MRI-negative cancers may rep-
resent a less aggressive form of the disease 
provided the mpMRI is truly negative. 
Additional potential reasons for a negative 
mpMRI in the setting of pathologic diagnosis 
of clinically significant prostate cancer include 
technically inadequate scans, interpretative 
errors, or failure to biopsy the correct target. 
For instance, the quality of an MRI scan may be 
insufficient to permit prostate cancer detection. 
This can arise from patient issues (motion, total 
hip replacement) or from machine issues (incor-
rect scanning parameters, misplacement of an 
endorectal coil, or other coil errors). Interpretive 
errors can occur from observer fatigue or from 
lack of training, both of which are correctable. 
Biopsy errors occur when the lesion is well 
identified, but the needle is placed in the wrong 
location. This can occur due to poor segmenta-
tion, inaccurate registration, or other user errors 
during the biopsy. Any of these factors in the 
“chain of quality” can result in diagnostic 
errors. Thus, in order to improve mpMRI, all 
aspects of the chain of quality must be main-
tained at a high level.

 Staging of Prostate Cancer

Patients with prostate cancer can not only be 
diagnosed but can also be staged with mpMRI 
to determine the regional extent of disease. 
Conventional imaging techniques such as ultra-
sonography and computed tomography (CT) 
have insufficient soft tissue resolution to iden-
tify the extent of primary prostate cancer and 
their relation with the prostatic capsule and 
seminal vesicles, neurovascular bundles, or rec-

tum. The most common staging system for pros-
tate cancer is the T/N/M system: (T) tumor size, 
(N) presence of nodal involvement, and (M) 
presence of metastasis to local or distant struc-
tures [55]. Stages defined as T1–T2 are confined 
within the prostate, while extraprostatic exten-
sion upstages to T3A, seminal vesicle involve-
ment upstages to T3B, and further organ 
involvement is T4 [56]. Axial T2W images are 
best for initially assessing extraprostatic exten-
sion. However, more complete assessment for 
staging includes making note of capsular shape 
and symmetry, of neurovascular bundle asym-
metry, and of seminal vesicle involvement and 
pelvic nodal disease [57]. Subtle features indic-
ative of extraprostatic extension include loss of 
the rectoprostatic angle, blurring of the prostatic 
capsule border, and unilateral change in the 
prostatic neurovascular bundle, which is found 
at the 5 o’clock or 7 o’clock position of the 
prostate in the axial plane. Seminal vesicle 
involvement can be evaluated by looking for 
focal hypointensity on the axial and coronal 
T2W [58]. The use of ERC is particularly help-
ful for extraprostatic extension and seminal 
vesicle invasion (SVI) [59]. The diagnosis of 
extraprostatic extension can be supplemented 
with DWI or DCE-MRI (Fig. 13.3). Addition of 
DWI with ADC mapping to the anatomical 
sequences has been shown to increase the accu-
racy of detecting extraprostatic extension [60]. 
However, staging using mpMRI has its limita-
tions, especially in its ability to detect micro-
scopic EPE. A meta- analysis conducted by de 
Rooij et al. regarding use of mpMRI for local 
staging revealed that the sensitivity of mpMRI 
for EPE/SVI is 57–61 %, whereas the specificity 
for detection of EPE/SVI was 88–96 % [61]. 
This study indicates the value of combining 
MRI findings with other clinicopathologic 
parameters.

MRI is also limited in differentiating malig-
nant lymph nodes for staging since it mainly 
relies on size criteria and node shape, which are 
not sensitive or specific enough for nodal metas-
tasis. In that respect, it performs very similarly to 
CT, which is notoriously insensitive for prostate 
cancer metastases.
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 Active Surveillance

Since the establishment of PSA screening in the 
1990s, the detection and treatment of prostate 
cancer has significantly increased. Due to its 
slow-growing and progressing nature, many 
patients with prostate cancer die of other dis-
eases, and therefore overtreatment is a real con-
cern. Active treatment can have deleterious 
consequences on quality of life, and its effect on 
reduction of mortality is still controversial. Thus, 
active surveillance (AS) as an alternative has 
been discussed since the mid-1990s. Active sur-
veillance is used for low-risk cancers and moni-

tors patients with PSA and periodic re-biopsy. 
Current standard AS monitoring consists of PSA 
testing, DRE, and repeat standard biopsies. It is 
generally offered to patients who have prostate 
tumor that meets certain criteria: clinical stage ≤ 
T1c, Gleason grade ≤6, PSA density ≤0.15, 
tumor involving ≤2 cores, and ≤50 % involve-
ment of any single core [62]. In case of progres-
sion or upgrading to a higher risk category, 
curative treatment is initiated.

However, these criteria can miss significant 
cancers lurking elsewhere within the gland. The 
strength of mpMRI for AS lies in the ability to 
detect lesions that were outside the initial biopsy 
template. Since a substantial number of men fall 

Fig. 13.3 A 79-year-old patient with a PSA = 11.12 ng/
ml. Axial T2W MRI shows a 2.9 cm hypointense lesion in 
the midline to right apical-mid-anterior transition zone 
(arrow) with potential of extraprostatic extension toward 
the anterior of the gland, visualized as a capsular bulge 
(a). ADC maps of DWI identify the hypointense lesion in 

the same location (b) further confirmed with hyperintense 
signal pattern on b2000 DWI (c); the lesion shows focal 
hyperenhancement on DCE-MRI (d). Patient underwent 
MRI/TRUS fusion-guided biopsy, which resulted in a 
Gleason 4+5 disease diagnosis
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out of AS due to continued rising PSA, mpMRI 
can be used to select out early men who are not 
appropriate candidates for AS. Meanwhile, 
because of its high negative predictive value for 
intermediate- and high-risk cancers, a negative 
mpMRI can support the choice of AS for appro-
priate patients [40, 62–64].

More controversial than its use in selecting 
patients for AS is the role of mpMRI in monitor-
ing patients on AS. Multiparametric MRI has 
proven relatively insensitive to detecting upgrad-
ing of tumors from 3+3 to 3+4, which is the most 
common upgrading [62]. This apparent upgrad-
ing may be due to sampling different parts of the 
same stable tumor or it could represent real pro-
gression. In any case, the real implications of 
these minor increases in grade on serial biopsies 
during AS are still debated. In comparison to 
PSA, mpMRI has a lower sensitivity for progres-
sion but higher specificity [65]. It has been sug-
gested that the combination of mpMRI and PSA 
density monitoring in AS may significantly 
improve prediction of pathological progression. 
Felker et al. suggested that adding mpMRI to tra-
ditional parameters such as PSA and grade car-
ries incremental value; area under the receiver 
operating curve for PSA density or positive 
biopsy predicting progression was significantly 
increased from 0.87 to 0.91 with the addition of 
mpMRI results [66]. Finally, patients who choose 
AS over curative treatment may be concerned 
about any additional risks of AS and potential of 
undertreating disease. Two large prospective AS 
cohorts show a very low risk of prostate cancer- 
related mortality and metastatic disease [67, 68].

The utilization of mpMRI for AS is still evolv-
ing. Practice standards for its use in AS are just 
beginning to include mpMRI. Eligibility criteria 
and follow-up protocols demonstrate wide vari-
ability across institutions, and the best approach 
is still unclear. Ideal protocols should be able to 
identify eligible patients and detect progression 
of disease as early as possible in order to forestall 
disease progression. Additionally, monitoring 
methods for AS should be low cost and carry low 
morbidity. The morbidity of repeated biopsies 
during AS monitoring provides motivation to 
consider mpMRI as a substitute for routine 

biopsy, reserving biopsies instead for patients 
with rising PSA and/or changed mpMRI [69]. 
Finally, mpMRI’s additional value in selecting 
AS patients is imperfect [70, 71]. In one study by 
Siddiqui et al., mpMRI misdirected 29 % of 
patients into AS, discovered by confirmatory 
biopsy [72]. Another study showed that up to 
16 % of clinically significant cancers are missed 
by mpMRI [73]. Such limitations may explain 
why current guidelines are hesitant to integrate 
mpMRI into AS algorithms. The value of the 
inclusion of mpMRI in current nomograms has to 
be evaluated further through prospective trials 
[72]. However, since no perfect method exists for 
AS besides clinically validated molecular tests, 
prostate mpMRI has experienced increased use 
in monitoring of tumors.

 Challenges and Limitations

Prostate mpMRI has utility in diagnosis, staging, 
and treatment planning. In addition to technical 
issues with the scans, mpMRI interpretation on 
the basis of PI-RADSv2 is still subject to vari-
ability among readers, despite attempts at stan-
dardization. In a multi-reader analysis, the 
average sensitivity for detecting all lesions across 
five readers was 63 %, and inter-reader agree-
ment among readers was 58 % for scoring all 
lesions. This variability is especially pronounced 
in non-index lesions [74]. Secondly, image inter-
pretation of mpMRI is challenging. It has been 
established that tumor size and grade are impor-
tant predictors of tumor detection on imaging; 
however, as an example, in one study by Le et al., 
mpMRI failed to detect 28 % of tumors >1 cm 
and 28 % tumors ≥Gleason score 7 [75]. Finally, 
there are challenges faced in access to mpMRI as 
a standard modality for prostate imaging. While 
mpMRI followed by image-guided biopsy has 
been shown to be more cost effective compared 
to sextant biopsy, the price of obtaining the nec-
essary resources to perform such biopsies can 
pose a challenge to centers that are not financially 
equipped [76]. The cost is further increased by 
the requirement for contrast media for DCE 
images, MRI supplies, and the ERC. ERC 
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 reimbursement in particular is challenging, as 
there are conflicting studies regarding its utility 
[24, 25, 77, 78]. These limitations are important 
to consider when utilizing mpMRI for its multi-
ple diagnostic capabilities. MRI of the prostate 
still has challenges that need to be overcome.

 Conclusion

Multiparametric MRI has truly added to the evo-
lution of prostate cancer detection, staging, and 
management. This modality’s multiple pulse 
sequences can locate and characterize tumors in 
an in-depth manner, improving accuracy of imag-
ing findings. Limitations include the cost of 
acquiring the images, and the skills required for 
reading and interpretation. The images obtained 
in mpMRI must be interpreted so as to provide 
uniform results across the world, and there are 
continued attempts to educate readers and to 
standardize image findings. However, accurate 
lesion visualization with MRI combined with 
novel image-guided biopsy enable a thorough 
method of lesion detection and treatment plan-
ning. Such advances suggest promise for the 
future of mpMRI and likely further exploration 
of its role and utilization in prostate cancer 
management.
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 Introduction

Prostate magnetic resonance imaging (MRI) has 
been used for three decades, though it has only 
recently reached sufficient levels of quality to be 
reliably used in clinical applications. The main 
difference between the prostate MRI of yesterday 
and the prostate MRI of today is the multipara-
metric nature of the technique, consisting of 
high-resolution anatomical T2-weighted imaging 
(T2WI) and at least two functional parameters—
most commonly diffusion-weighted imaging 
(DWI) and dynamic contrast-enhanced (DCE) 
sequences. This new form of prostate multipara-
metric MRI (mpMRI) can be used in the diagno-
sis, staging, treatment planning, and follow-up of 
prostate cancer. An expert panel of urologists and 
uroradiologists publishing in the field of focal 
therapy (FT) for prostate cancer and mpMRI has 
stated that mpMRI is the “ideal imaging tool for 
focal therapy of prostate cancer” [1].

Multiparametric MRI has multiple roles 
throughout the process of a patient receiving 

focal therapy: the initial diagnosis and evaluation 
for candidacy for focal therapy, image guidance 
for targeted biopsy and/or focal therapy, and fol-
low- up imaging to detect treated tissue, potential 
residual disease, or disease recurrence. There are 
opportunities for the incorporation of quality 
improvement at each of these steps, which will 
be discussed further in this chapter.

Quality improvement (QI) is a relatively new 
term in healthcare and radiology, as the tradi-
tional term used is quality assurance (QA). The 
difference between these terms is not strictly 
semantic. QI aims at determining how one is cur-
rently performing and the areas in which one can 
improve; QA generally aims at determining 
where fault lies after medical errors. QI can be 
prospective or retrospective; QA is always retro-
spective. Perhaps most importantly, QI should be 
introspective. QI should be a vehicle to ensure 
delivery of quality care to patients while continu-
ously iterating how that should best be done [2].

 Optimal Image Acquisition

High-quality MR images are important to accu-
rately detect and stage clinically significant pros-
tate cancer and, ultimately, to appropriately select 
patients for focal therapy or direct them to another 
management plan. A detailed description of 
 technical parameters of mpMRI is outside the 
scope of this chapter, but some key points will be 
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addressed. Current recommendations for parame-
ters to include for prostate mpMRI are high- 
resolution, multiplanar T2WI for anatomic 
localization combined with at least two functional 
techniques, such as DWI and DCE-MRI, and/or 
magnetic resonance spectroscopy (MRS) [3].

 T2-Weighted Imaging Guidelines

Most centers obtain T2WI of the prostate using 
two-dimensional rapid acquisition with relax-
ation enhancement (2D RARE) sequences (i.e., 
fast spin echo and turbo spin echo) in the orthog-
onal axial, sagittal, and coronal planes. This 
accounts for partial volume effects while allow-
ing full visualization of the prostate morphology. 
Newer three-dimensional (3D) T2 sequences 
have been released by multiple vendors, and may 
be potential alternatives to obtaining sagittal 
images, as these sequences allow for the genera-
tion of a 3D dataset with high spatial resolution 
and voxel sizes of 1 mm or less that can be refor-
matted in any desired slice thickness or plane [4]. 
While the reformatted planes can decrease partial 
volume effects and produce subjectively compa-
rable image quality to 2D RARE, they may also 
have more motion artifacts due to the typically 
longer acquisition times [5]. Thin sections of 
≤3 mm each with no interslice gap and a field of 
view minimized to the extent possible while 
maintaining satisfactory signal-to-noise ratio 
(SNR) help to reduce the risk of missing small 
tumors on T2WI [6].

 Diffusion-Weighted Imaging 
Guidelines

DWI is another sequence very important for 
detecting and characterizing prostate cancer, 
especially in the peripheral zone of the gland [6]. 
Arguably, DWI is as critical in mpMRI as the ana-
tomic T2WI. Prostate cancer appears as areas of 
restricted diffusion in the gland, since malignant 
tissue typically restricts the random motion of 
water to a higher extent than healthy prostate tis-
sue due to the higher cellular density of many 

tumors [3]. Guidelines recommend obtaining 
DWI with thin sections (≤4 mm) and a small field 
of view that still allows for adequate SNR [6]. 
Multiparametric MRI should also include an 
apparent diffusion coefficient (ADC) map created 
based on a monoexponential model using multi-
ple b values ranging from 50 to 1000 s/mm2, with 
at least two values required. Clinically significant 
prostate cancer is likely to be associated with 
lower ADC values and a hypointense appearance 
on ADC maps [7–9]. While additional b values 
can improve ADC calculation accuracy, this is 
associated with increased imaging. Ultrahigh b 
value (1400–2000 s/mm2) imaging either esti-
mated by extrapolating the data obtained from 
lower b values or obtained as a separate acquisi-
tion has been shown to increase detection of sig-
nificant prostate cancer [10–14] and is a key 
addition to the Prostate Imaging Reporting and 
Data System (PI-RADS) version 2 [6].

 Dynamic Contrast-Enhanced 
Magnetic Resonance Imaging 
Guidelines

The main role for DCE-MRI is in detecting recur-
rence of prostate cancer after treatment, which 
will be discussed later in this chapter. It should be 
noted that while DCE-MRI can also aid in pros-
tate cancer detection and staging, its role has 
been de-emphasized in the latest PI-RADS ver-
sion 2 recommendations [6]. To obtain DCE- 
MRI images, 0.1 mmol/kg of an extracellular 
gadolinium-based MR contrast agent is adminis-
tered at 2–3 mL/s, and a 2D or 3D T1 gradient 
echo (GRE) sequence is acquired before and after 
the administration of contrast, typically with fat 
suppression and subtracted images. Prostate 
tumors are usually neovascular with highly per-
meable capillaries, and DCE-MRI takes advan-
tage of these properties to detect cancer, which 
typically appears as earlier and more intense 
enhancement compared to surrounding prostate 
tissue [15, 16]. Temporal resolution of DCE 
images should ideally be less than 7 s and no 
more than 10 s to best ensure the point of peak 
enhancement is detected. The question of whether 
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to use quantitative or subjective models to inter-
pret DCE-MRI has yet to be resolved, with some 
studies finding higher accuracy when quantitative 
or semiquantitative models are used, while others 
did not find a significant difference between 
approaches [17, 18].

 Magnetic Resonance Spectroscopy 
Guidelines

Magnetic resonance spectroscopy uses elevated 
ratios of metabolites such as choline and creatine 
to citrate to identify areas suspicious for prostate 
cancer [19]. Despite its potential role in mpMRI, 
MR spectroscopy has significant disadvantages, 
including the high level of technical expertise 
required to acquire and interpret these images as 
well as a lack of apparent benefit over T1- and 
T2-weighted images alone [20]. As a result, this 
parameter is not included in prostate mpMRI at 
many centers or in the PI-RADS version 2 guide-
lines [6, 21].

 General Acquisition Guidelines: Field 
Strength, Coils, Exam Timing, 
and Patient Preparation

In general, 3 T is the preferred field strength for 
prostate mpMRI when used for focal therapy [1] 
because of the higher SNR than at 1.5 T [22]. 
While pelvic phased array coils are considered a 
basic requirement in the acquisition of prostate 
mpMRI, the addition of an endorectal coil (ERC) 
can improve image quality, tumor localization, 
and prostate cancer staging by experienced radi-
ologists [23, 24]. ERC is recommended when a 
field strength of 1.5 T is used, although many 
centers use endorectal coils with 3 T scanners as 
well [1]. One study by Bratan et al. found that the 
magnetic field strength of the scanner or whether 
an ERC was used did not significantly impact 
cancer detection rates on mpMRI [25], and 
experts have stated that while there are advan-
tages to both 3 T scanners and ERCs, it is possi-
ble to obtain quality images at 1.5 T and without 
using an ERC if other acquisition parameters and 

patient characteristics are optimized [6]. The 
main advantage of the ERC is in the acquisition 
of high-quality DWI and DCE-MRI images as 
well as evaluation of the prostatic capsule and 
neurovascular bundles on T2WI [23, 26].

Other details that will affect image quality are 
timing of exam after biopsy and patient prepara-
tion. If the prostate has been biopsied, at least a 
6-week delay before imaging is recommended 
since post-biopsy hemorrhage can interfere with 
cancer staging, though this may not significantly 
affect tumor detection [24, 27]. Post-biopsy hem-
orrhage can be differentiated from prostate can-
cer using pre-contrast T1 images; hemorrhage 
appears as T1 hyperintense signal, while prostate 
cancer will be isointense or hypointense on 
T1WI. With regard to patient preparation, air in 
the rectum can lead to susceptibility artifacts, 
which may substantially hinder image quality, 
especially of DWI. Rectal air can be minimized if 
using an ERC by removing the air from the coil 
balloon and filling the coil with material such as 
liquid perfluorocarbon or barium suspension 
[28]. If not using an ERC, options to minimize 
rectal air include instructing the patient to evacu-
ate their rectum or using a small catheter to 
decompress and remove air from the rectum. 
Finally, motion artifact due to bowel peristalsis is 
another aspect of the exam that may inhibit image 
quality. While antiperistaltic agents such as glu-
cagon may help reduce bowel motion in some 
patients, this is not required and is not used at 
many centers.

 Opportunities for Quality 
Improvement in Image Acquisition

Recent research is promising for the continued 
improvement of mpMRI image quality. It is impor-
tant for radiologists to not be complacent and to 
continue to assess acquisition parameters in order 
to continue to improve. Working directly with the 
MR scanner vendors and applications specialists 
from these companies can be invaluable in ensur-
ing that the best sequences are being used at cen-
ters performing prostate mpMRI. Techniques have 
been developed with the goal of reducing motion 
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artifact of prostate T2WI. The BLADE technique 
(Siemens Healthcare, Erlangen, Germany) has 
been shown to help with the detection of extra-
prostatic extension, which may exclude patients 
from focal therapy, though this is done at the cost 
of reduced image contrast [29]. There are also 
techniques that have been demonstrated to improve 
the image quality of DCE-MRI [30] and DWI 
[31]. Radiologists in a prostate mpMRI practice 
used for focal therapy or other applications must 
stay abreast of recent developments and incorpo-
rate new technology into their practice as appro-
priate for prostate mpMRI to continue to improve.

 Quality Improvement of Image 
Interpretation and Reporting

The demand for prostate mpMRI is outpacing the 
current capacity to perform high-quality mpMRI, 
which underscores the need to expand training 
and optimize image interpretation beyond a core 
group of academic and large-volume private/
community centers. A consensus panel of expert 
radiologists and urologists agree that “the stan-
dardization of conduct and reporting protocols 
was of paramount importance” in prostate 
mpMRI for focal therapy [1].

 The Value of the Prostate Imaging 
Reporting and Data System

PI-RADS version 2 provides standardized report-
ing guidelines for prostate mpMRI, and though 
these guidelines are not required, they are highly 
recommended [6]. PI-RADS version 2 recom-
mends including the following in every prostate 
mpMRI report: PI-RADS score, lesion location 
based on gland segmentation scheme into a mini-
mum of 16 divisions, maximum dimension of 
largest abnormal lesion, location and probability 
of extraprostatic extension (EPE), and pertinent 
incidental findings [6].

The PI-RADS score communicates the likeli-
hood that a prostatic lesion represents a clinically 
significant cancer and can help guide whether a 
patient is recommended for biopsy or treatment, 

potentially including focal therapy. The lesion 
location based on a gland segmentation scheme 
into a minimum of 16 divisions is another aspect 
of the mpMRI report that may be important for 
focal therapy planning. For example, anterior 
tumors (Fig. 14.1) may be incompletely destroyed 
by focal therapy due to the inability to destroy 
tissue beyond a fixed focal point, so it is relevant 
for clinicians to know a tumor’s location before 
deciding which treatment to recommend to their 
patient [32]. Another example of why lesion 
location is paramount to patient selection for 
focal therapy is a study by Rouviere et al., which 
found that “the location of cancer recurrence 
anterior to the urethra on MRI is an independent 
significant predictor of salvage HIFU failure for 
locally recurrent prostate cancer after EBRT” 
[33]. It is also critical for radiologists reporting 
prostate mpMRI to convey if the lesions extend 
across multiple anatomic divisions of the pros-
tate; this information is vital for the treating clini-
cian to determine the most appropriate treatment 
given the extent of the lesion(s).

The American College of Radiology (ACR) 
PI-RADS version 2 document also recommends 
reporting the maximum dimension of the largest 
abnormal lesion [6]. Focal therapy aims to treat 
the entire volume of a prostate tumor while mini-
mizing the destruction of healthy prostate tissue; 
therefore lesion size is important information for 
treatment planning. Finally, patients with gross 
EPE or incidental findings, such as lymphade-
nopathy or bone metastases, may have prostate 
cancer that is too aggressive for treatment with 
focal therapy, so this information is also relevant 
for managing clinicians to know.

 The Role of Education and Experience 
in Multiparametric Magnetic 
Resonance Imaging Interpretation

Another important aspect to the quality improve-
ment of prostate mpMRI interpretation and 
reporting concerns reader experience level and 
how this relates to accuracy and inter-reader reli-
ability across different radiologists. A study by 
Niaf et al. found that prostate mpMRI readers 
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with less than 1 year experience had significantly 
lower areas under the curve (AUCs) for diagnos-
tic accuracy when assessing the likelihood that 
focal prostate lesions represent clinically signifi-
cant cancers than their more experienced col-

leagues [34]. That said, it has also been shown 
that accuracy of, and confidence in, prostate 
mpMRI interpretation can be significantly 
improved over the course of a fellowship year 
with a dedicated focus on education [35]. There 

Fig. 14.1 A 58-year-old man on active surveillance with 
serum prostate-specific antigen (PSA) level of 8.4 ng/mL 
and transrectal ultrasound (TRUS)-guided biopsy show-
ing Gleason 3 + 3 = 6 (5/12 cores) was referred for multi-
parametric magnetic resonance imaging (mpMRI). (a) 
Axial T2W images show a lesion with low T2 signal 
intensity in the right anterior transition zone (TZ) at the 
level of the mid-gland (arrow). (b) Axial apparent diffu-
sion coefficient (ADC) map shows a corresponding area 
of low ADC value (arrow). The degree of restricted diffu-

sion suggests the presence of a high-grade tumor in this 
location. (c) Perfusion images show early and focal 
enhancement of the lesion relative to the remainder of the 
gland. PI-RADS score is 5. The patient elected to undergo 
radical prostatectomy based on the mpMRI findings. Final 
pathologic analysis showed Gleason 4 + 3 = 7 prostate 
cancer. This case demonstrates how mpMRI and TRUS- 
guided systematic biopsy can have discordant assess-
ments of prostate cancer grade and the potential influence 
mpMRI can have on treatment decisions
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is no substitute for hands-on learning, repetition, 
and self-assessment in the forms of radiologic- 
pathologic correlation and peer review, both of 
which are critical to improve diagnostic perfor-
mance with this technique. Radiologists first 
learning mpMRI should also aim to read key ref-
erences in the field, some of which can be found 
in the PI-RADS version 2 document [6]. It is also 
very important to be aware of common pitfalls in 
mpMRI interpretation to avoid making these mis-
takes in your own clinical practice when inter-
preting prostate mpMRI. Rosenkrantz and Taneja 
have published an excellent article on the diag-
nostic challenges that may lead to mistakes when 
interpreting prostate mpMRI [36]. The radiolo-
gist learning mpMRI may quickly improve their 
skills interpreting prostate mpMRI by reading 
this article as it is as critical to be confident in the 
diagnosis of benign prostatic disease (to reduce 
morbidity related to unnecessary biopsy/treat-
ment) as it is to be confident in diagnosis of clini-
cally significant cancer (which can decrease 
mortality). The field of prostate mpMRI is evolv-
ing rapidly, so all radiologists using this tech-
nique should stay current with the literature and 
work to adapt their practice as new technologies 
and techniques become available.

In order for radiologists to be considered suf-
ficiently experienced and adept at interpreting 
prostate mpMRI, experts recommend reading “at 
least 50 prostate mpMRI scans with pathological 
feedback per year” [1]. This is a difficult area to 
regulate, but the concepts of “double reads” 
within one’s clinical practice or reading guided 
cases with experts at hands-on courses certainly 
have merit in improving one’s skills and confi-
dence with this modality. One study found that 
reader experience may lead to improved sensitiv-
ity, specificity, positive predictive value, negative 
predictive value, and accuracy for detecting 
extracapsular extension when interpreting pros-
tate mpMRI [37]. While inter-reader variability 
between radiologists less experienced in prostate 
mpMRI interpretation may be reduced through 
dedicated reader education [35], others have 
found that radiologists experienced in prostate 
mpMRI “achieved moderate reproducibility for 
PI-RADS version 2, and neither required nor 

benefitted from a training session” [38]. This is 
likely related to a high baseline level of comfort 
and experience with this technique and reporting 
system across this group of highly experienced 
readers, and this may not be widely applicable to 
less experienced readers.

 The Importance of Communication 
and Follow-Up to Quality 
Improvement

Quality improvement with regard to imaging 
interpretation of prostate mpMRI goes beyond 
having skills and experience; radiologists must 
have an open professional relationship with cli-
nicians in other disciplines (e.g., pathology, urol-
ogy, radiation oncology, medical oncology, etc.) 
to get feedback on their performance. By having 
an open door for input from other clinicians, 
radiologists may help to improve the value of 
prostate mpMRI to clinical practice. For exam-
ple, there may be certain aspects of a prostate 
mpMRI not typically included in reports that a 
particular referrer may find more helpful to their 
practice, or referrers may not understand the 
nomenclature used in reports, and this may not 
come to light if the radiologist is not available 
and open for suggestions from their colleagues. 
An example of a more structured way that multi-
disciplinary collaboration can impact clinical 
outcomes is tumor board conferences, where 
multiple clinicians from different disciplines 
involved in the care of a particular group of 
patients (i.e., prostate cancer patients) meet and 
discuss specific diagnoses and management 
strategies. Tumor boards allow for clinicians 
from multiple disciplines to query each other 
and mutually learn from the others in order to 
best serve their patients. Tumor boards often also 
allow for more formalized quality improvement 
discussions as specific cases are often revisited 
after the patient has undergone biopsy or sur-
gery, and the results are compared to initial diag-
nostic findings to assess for potential discordance 
and/or appropriate next steps in management.

It is also very important to quality improvement 
and research to compare imaging to histopathology 
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to ensure that correct diagnoses are made and to 
learn from any potential mistakes. While it is often 
difficult to compare images on mpMRI to histopa-
thology because of shrinkage and freehand slicing 
of specimens, potential solutions have been devel-
oped [39]. One example of a potential solution is 
“deformable histopathology mpMRI fusion com-
puter software based on 22 landmarks in the 
specimens,” which has been shown to lead to 
improvement in matching accuracy of 32 % over 
traditional rigid comparison methods [40]. Another 
potential solution that has been suggested involves 
a “3D histopathology analysis tool using 3D 
printed customized molds based on preoperative 
mpMRI data, corrected for shrinkage, for slicing of 
the histopathological specimens in exactly the 
same plane as the mpMRI scanning” [41].

Technology like this will likely not be avail-
able at most centers and certainly not for every 
patient with a prostate mpMRI, but regardless, 
radiologists should aim to follow up the pathol-
ogy in cases where the patient went on to tran-
srectal ultrasound (TRUS)-guided biopsy, 
targeted biopsy, radical prostatectomy, etc. This 
will ideally help the radiologist to identify their 
blind spots and incorporate this knowledge for 
future application. This does require the radiol-
ogist to be willing to acknowledge their weak-
nesses and to learn from them. If multiple 
radiologists in a practice are reading prostate 
mpMRI, this practice may be done in a group so 
that everyone can learn from these mistakes 
together. This is not to say that all “misses” on 
biopsy represent mistakes on the radiologist’s 
part; there may be discordant results on pathol-
ogy, and radiologists should also be willing to 
suggest this if the imaging has highly suspicious 
characteristics. A strong professional relation-
ship with colleagues in other specialties related 
to prostate cancer should help facilitate this kind 
of open discussion. Prostate imaging can and 
should consider following the example set in 
breast imaging with the review of biopsy results 
as concordant or discordant based on imaging 
findings. For example, if biopsy results of 
PI-RADS 4 or 5 lesions are negative, a repeat 
biopsy should be considered after review of the 
biopsy images to ensure that the specimen taken 
is reflective of the highly suspicious imaging 

findings. All of this said, more work is needed to 
determine what percent of PI-RADS 3, 4, and 5 
lesions should represent clinically significant 
cancer as these numbers are critical to deter-
mine the performance of PI-RADS as well as 
the performance of those performing targeted 
biopsies.

 Specific Considerations 
Regarding Multiparametric 
Magnetic Resonance Imaging 
in Focal Therapy

While the detection, characterization, and staging 
of prostate cancer are important in the evaluation 
of the general patient with prostate cancer, accu-
rate tumor volumes are particularly important for 
focal therapy planning. Most experts in the field 
of prostate mpMRI and urology agreed that 
0.5 mL is the “lower limit of a reliable detection 
rate in Gleason 6 tumors” [1]. Gleason 7 tumors 
may be possible to detect at smaller volumes, 
though this is not widely agreed upon [1]. While 
mpMRI accurately detects clinically significant 
prostate tumors, there is the risk of both underes-
timation and overestimation when using mpMRI 
to estimate tumor volume [42, 43]. There have 
been studies to determine which sequence is most 
accurate for tumor volume assessment, though 
there are some differences in results. For exam-
ple, Bratan et al. have shown that no one mpMRI 
sequence is superior for accurately estimating 
tumor volumes; however, the “greatest volume 
determined on images from any of the individual 
MR pulse sequences” was least likely to lead to 
tumor volume underestimation [44]. Conversely, 
Mazaheri et al. found that DWI plus T2WI sig-
nificantly improved the accuracy of prostate 
tumor volume measurement in the peripheral 
zone [45]. The issue of tumor volume underesti-
mation may be mitigated by using a treatment 
margin of at least 9 mm around lesions visible on 
mpMRI [42]. Needless to say, a margin of 9 mm 
is very extensive, and more work is needed to 
ensure that mpMRI lesion sizes and treatment 
zones are better delineated, especially if this is to 
be used as a diagnostic modality for planning and 
monitoring focal therapy.
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 Quality Improvement 
Regarding Targeted Biopsy

The increased diagnostic quality of prostate 
mpMRI has made targeted biopsy possible. A 
landmark prospective study published in the 
Journal of the American Medical Association has 
established that targeted MRI/TRUS fusion 
biopsy can increase detection of high-risk pros-
tate cancer while decreasing the detection of low- 
risk, clinically insignificant prostate cancer [46]. 
Again, the increased detection of clinically sig-
nificant prostate cancer has the ability to decrease 
mortality, and the decreased detection of clini-
cally insignificant prostate cancer can lead to 
decreased morbidity by avoidance of unneces-
sary or overtreatment. This and other studies 
have led many urology practices to begin per-
forming targeted biopsy more in the diagnosis 
and evaluation of prostate cancer.

Most details of targeted biopsy are out of the 
scope of this chapter and are discussed in other 
chapters of this textbook, but it is important to 
note that the expansion of targeted biopsy 
requires even more collaboration between radi-
ologists and their urology colleagues in the plan-
ning of these biopsies. For example, at the 
authors’ institution, a dedicated abdominal radi-
ologist highly experienced in prostate mpMRI 
regularly meets in person with the urologic 
oncologists who perform MRI/TRUS fusion 
biopsies to review the imaging for each patient 
prior to biopsy, including lesion segmentation 
and gland segmentation. This allows an extra 
level of planning to ensure that the patient is an 
appropriate candidate for MRI/TRUS fusion 
biopsy, as well as to categorize the biopsy targets 
in order of significance. At the authors’ institu-
tion, it has been decided that lesions with a 
PI-RADS score of 4 or 5 and a volume of at least 
0.5 mL are good candidates for MRI/TRUS 
fusion biopsy.

Radiologists interpreting prostate mpMRI for 
targeted biopsy planning must also learn how to 
maximize the use of third-party software and dis-
cover the best workflow to ensure this procedure 
runs smoothly for patients and clinicians alike. It 
is critical that radiologists bridge the potential 

communication gap with urologists by speaking 
the same language, utilizing agreed upon nomen-
clature, and releasing clinically relevant and 
actionable radiology reports.

 Imaging Guidance for Focal Therapy

The main benefits of using mpMRI to guide focal 
therapy in real time are that it allows for accurate 
needle placement and thermometry or tempera-
ture mapping during the procedure to ensure 
adequate treatment is achieved [47]. Thermometry 
especially is an important benefit, as it can allow 
for adaptations to therapy to account for differ-
ences in the prostate size and anatomy for indi-
vidual patients and can also help to protect 
surrounding tissues by monitoring temperature 
changes [48]. However, there are disadvantages 
to using MRI to guide focal therapy, including 
increased cost, limited space while working in 
the scanner, and the need for MR-compatible 
materials [47]. The role for mpMRI in image 
guidance for some of the various modalities of 
focal therapy will be discussed as follows:

 Role of Multiparametric Magnetic 
Resonance Imaging in Focal Laser 
Therapy

Focal laser ablation has been identified as one of 
the more promising focal therapy modalities to 
be used with MRI guidance [47]. Stafford et al. 
studied an MRI-guided focal laser-induced inter-
stitial thermal therapy system for prostate tissue 
ablation in a 1.5 T MRI scanner and found that 
the tissue destruction predicted by magnetic 
resonance- based thermal damage calculations 
had excellent correlation (r2 = 0.94) with the 
damage observed on posttreatment imaging [49]. 
Posttreatment MRI after focal laser ablation (Fig. 
14.2) has been shown to accurately depict treated 
tissue when defining necrosis as a “new confluent 
zone demonstrating <10% enhancement com-
pared with the baseline pretreatment contrast- 
enhanced MRI” [50]. Cepek et al. developed a 
needle guidance system to be used within the 
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Fig. 14.2 A 60-year-old man with serum prostate- 
specific antigen (PSA) of 1.1 ng/mL underwent multipa-
rametric magnetic resonance imaging (mpMRI) to assess 
for prostate cancer. (a) Axial T2WI shows a lesion with 
low T2 signal intensity in the right posterior peripheral 
zone (PZ) at the level of the apex (arrow). (b) Axial appar-
ent diffusion coefficient (ADC) map shows a correspond-
ing area of restricted diffusion (arrows). (c) Perfusion 
images show early and focal enhancement of the lesion 
relative to the remainder of the gland (arrows). PI-RADS 
score is 4. The diagnosis was confirmed with MRI-guided 
in-bore targeted biopsy, which showed Gleason score 
4 + 3 = 7 disease. (d) Axial T2WI obtained during focal 
laser ablation (FLA) of the lesion shows posttreatment 
coagulation necrosis of the lesion and a margin of sur-
rounding tissue. (e) Sagittal T2WI obtained during FLA 
of the lesion shows posttreatment coagulation necrosis 
(arrow). PSA level was 1.4 ng/mL 2 months after FLA, so 

the patient was referred for mpMRI to assess for residual 
disease versus recurrence. (f) Axial T2WI 3 months post- 
FLA shows a region of posttreatment necrosis in the right 
posterior PZ corresponding with treated area (arrow). (g) 
Colorized perfusion map created using post-processing 
software from DCE-MRI acquisition shows a correspond-
ing perfusion defect (arrow). The patient continued to be 
followed. (h) Follow-up axial T2WI 6 months post-FLA 
again shows a region of necrosis in the right posterior PZ 
corresponding with treated area (arrow). (i) Colorized 
perfusion map from DCE-MRI acquisition shows a cor-
responding perfusion defect, though smaller than at 
3 months posttreatment (arrow). There is no evidence of 
residual disease at 6 months post-FLA, and patient contin-
ued on follow-up with mpMRI. (Images courtesy of John 
Feller, MD and Bernadette Greenwood, Desert Medical 
Imaging, Palm Springs, California)
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bore of an MRI scanner for use in focal laser ther-
mal ablation of prostate tumors and found that 
the median needle guidance error was 3.5 mm 
[51, 52].

 Role of Multiparametric Magnetic 
Resonance Imaging in Focal 
Ultrasound Therapy

Focused ultrasound therapy has also been deemed 
to be promising for use with MRI guidance [47]. 
A study by Chopra et al. found that the tempera-
ture information acquired with active MR tem-
perature feedback during transurethral ultrasound 
therapy and the pattern of thermal damage mea-
sured on hematoxylin and eosin (H&E)-stained 
tissue sections of treated canine prostate tissue 
had excellent spatial agreement [53]. Another 
study by Siddiqui et al. helped to establish the 
feasibility of MRI-guided transurethral ultra-
sound therapy and demonstrated a “correlation of 
≤3 mm between anatomical, thermal, and histo-
logic images” [54]. Furthermore, gadolinium- 
enhanced MRI has been shown to accurately 
detect the degree of tissue damage caused by 
high-intensity focused ultrasound (HIFU) abla-
tion [55].

 Role of Multiparametric Magnetic 
Resonance Imaging in Focal 
Cryoablation Therapy

Some have stated that cryoablation is less suit-
able for MRI guidance because MRI thermome-
try is not feasible for temperatures below 0 °C 
[47] and because the volume mismatch of the ice 
ball on T1-weighted images obtained during the 
procedure and the volume of tissue necrosis 
observed on histopathologic analysis have 
occurred [56]. However, this same study found 
that DCE-MRI was the most accurate sequence 
(accuracy rate = 91 %) for the prediction of the 
area of tissue necrosis induced by cryoablation 
[56]. The tissue necrosis appeared as a nonen-
hancing region on DCE-MRI [56]. This finding 
was supported by another study by Larson et al., 

which found that areas of “gadolinium defects” 
on DCE-MRI could be matched with areas of 
necrosis on histopathologic evaluation after vari-
ous minimally invasive treatments, including 
cryoablation and microwave thermotherapy [57]. 
DCE-MRI is a valuable tool in assessing post-
treatment response to cryoablation and the 
absence of focal enhancement within the ablation 
bed after an appropriate time interval and in the 
absence of rising prostate-specific antigen (PSA) 
is an indicator of the lack of recurrent disease at 
the site (Fig. 14.3).

 Role of Multiparametric Magnetic 
Resonance Imaging in Focal 
Radiofrequency and Microwave 
Therapy

MRI-guided radiofrequency ablation and micro-
wave ablation have been demonstrated to be tech-
nically feasible, though there are significant 
drawbacks, namely, the “possible interference 
with the radiofrequency pulses of the MR sys-
tem,” which can cause noise in the MR images 
and with radiofrequency ablation, and “the large 
image artifact (up to eight times its original size) 
caused by the radiofrequency electrode...which 
makes temperature measurement at the vicinity 
of the electrode impossible” [47]. Nevertheless, 
mpMRI can be used after radiofrequency abla-
tion to confirm adequate treatment [58].

 Follow-Up Multiparametric 
Magnetic Resonance Imaging 
After Focal Therapy

Disease progression rates after focal therapy may 
be as high as 33 %, with recurrence potentially 
occurring in treated and/or untreated areas of the 
gland, according to a study of hemi-salvage 
HIFU in patients with unilateral radiorecurrent 
prostate cancer [59]. A study of 73 patients with 
clinically unilateral, low-intermediate risk pros-
tate cancer found 25 % of patients had positive 
follow-up posttreatment biopsies, with the vast 
majority in the untreated contralateral lobe [60]. 
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Fig. 14.3 A 72-year-old man with serum prostate- specific anti-
gen (PSA) of 25 ng/mL and history of three negative systematic 
biopsies was referred for multiparametric magnetic resonance 
imaging (mpMRI) to assess for clinically significant prostate 
cancer. (a) Axial T2W images show a lesion with low T2 signal 
intensity in the left posterior medial and lateral peripheral zone 
(PZ) (arrow). There is also extensive benign prostatic hypertro-
phia (BPH). (b) Axial apparent diffusion coefficient (ADC) map 
shows a corresponding area of restricted diffusion (arrow). (c) 
Colorized perfusion images show suspicious enhancement of 
the lesion relative to the remainder of the gland. PI-RADS score 

is 4. The patient elected to undergo focal cryoablation. Serum 
PSA 3 months later was 9.9 ng/mL and 10.9 ng/mL at 7 months 
later. The patient was referred for mpMRI to assess for recur-
rence. (d, e) Axial T2W images and ADC maps in the same 
patient 7 months after focal therapy show post- cryoablation 
change in the left posterior PZ (arrow). (f) Colorized perfusion 
map created using post-processing software from DCE-MRI 
acquisition shows a perfusion defect corresponding to the treated 
area with no suspicious perfusion in the cryoablation cavity or in 
the remainder of the untreated prostate gland. The patient will 
continue on imaging surveillance
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Furthermore, data from 279 patient’s status/post- 
salvage cryoablation after failed radiation ther-
apy found a biochemical disease-free rate of 
approximately 59 % [61]. This is all to illustrate 
that follow-up, preferably with imaging, is neces-
sary after focal therapy treatment, especially if 
the focal therapy was a salvage procedure.

Prostate mpMRI has been considered the 
favored method of focal therapy follow-up by 
expert radiologists and urologists in the field [1]. 
A consensus was not reached regarding when 
follow-up mpMRI should be performed after 
focal therapy, though many recommend the first 
mpMRI be performed 6 months after FT and 
either biannually or annually thereafter [1]. 
Moreover, there are no universally accepted, vali-
dated criteria for biochemical failure with PSA 
after focal therapy [62].

Radiologists need to be able to distinguish 
residual disease from posttreatment effects after 
focal therapy. Litjens et al. compared pre- and 
post-laser interstitial thermotherapy MRI against 
ex vivo histology and found that there are imaging 
characteristics that may be used to distinguish 
posttreatment effects from residual disease, 
including DCE-MRI and T2WI texture features 
[63]. DWI was less relevant for detecting residual 
disease, as the changes in DWI features were sim-
ilar for ablated tissue and residual disease [63].

Radiologists also need to be able to detect dis-
ease recurrence after focal therapy. Recurrent 
prostate cancer after focal therapies tends to 
appear as low signal intensity on T2WI, restricted 
diffusion on DWI, and rapid wash in and wash 
out of contrast on DCE-MRI [62]. Most of the 
evidence for the use of mpMRI to detect recur-
rence after focal therapy has focused on HIFU 
over the other focal therapy modalities. DCE- 
MRI has been found to be the best sequence to 
detect recurrence after transrectal HIFU. In fact, 
one study found it to have a sensitivity of 100 % 
and a specificity of 96 % [64–66]. However, 
another study by Punwani et al. found that DCE- 
MRI performed similarly to serial PSA in terms 
of sensitivity, specificity, and receiver operating 
characteristic (ROC) performance for the detec-
tion of recurrence after HIFU [67]; this is to say 
that, at this time, mpMRI results should be 

viewed in conjunction with serial PSA values to 
ensure appropriate mpMRI interpretations that 
are based in the current clinical context. Residual 
cancer is most likely in the prostatic apex after 
HIFU ablation, so radiologists may be able to 
improve the quality of mpMRI exams to detect 
recurrence by paying special attention to this 
region [68]. If signs of disease recurrence are 
seen on follow-up mpMRI after FT, targeted 
biopsy of the abnormality is warranted [1].

 Conclusion

As the utilization of prostate mpMRI increases, 
the clinical roles for this diagnostic and evalua-
tive modality will increase, and quality improve-
ment must continue. Currently, prostate mpMRI 
may have value at multiple checkpoints through-
out the process of a patient receiving focal 
therapy.

Multiple studies have demonstrated the value 
of prostate mpMRI in the initial detection and 
staging of prostate tumors. Prostate tumor char-
acteristics such as estimated tumor volume are 
essential in the decision of whether a patient is an 
appropriate candidate for focal therapy. Prostate 
mpMRI also has a role as real-time image guid-
ance for both targeted biopsies and certain forms 
of focal therapy, especially focal laser ablation 
and HIFU. Finally, prostate mpMRI can be used 
in the immediate follow-up after focal therapy to 
conclude whether treatment was successful or if 
there is residual disease, as well as long-term 
monitoring for disease recurrence.

There is room for quality improvement at each 
of these checkpoints. Image acquisition, interpre-
tation, and reporting must be optimized for pros-
tate mpMRI to realize its full potential for use in 
focal therapy. Radiologists new to prostate 
mpMRI must take the time to gain adequate edu-
cation and experience, while radiologists experi-
enced in mpMRI must maintain their expertise 
and pass their knowledge along to others. Both 
inexperienced and experienced radiologists can 
benefit from gaining feedback on their skills by 
following up pathology and establishing open 
professional relationships with their urology, 
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pathology, oncology, and radiation oncology col-
leagues. The process of quality improvement can 
be time consuming and requires an open mind, 
but it is absolutely essential if the field of prostate 
mpMRI is to continue to evolve and remain clini-
cally relevant.
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 Introduction

B-mode ultrasound is the primary imaging tool 
used during prostate biopsy procedures, but its 
limited sensitivity and specificity for prostate 
cancer (PCa) lesion detection [1, 2] forces urolo-
gists to rely on systematic biopsy sampling meth-
ods for diagnosing cancer and making treatment 
decisions. Prostate cancer is commonly multifo-
cal, which causes systematic sampling to only 
intersect a subset of clinically significant disease 
in the gland, complicating treatment decisions [3, 4]. 
Image-guided, targeted biopsy could improve 
diagnostic confidence by providing additional 
information for treatment decisions, improving 
confidence to use more focal therapies, and ulti-
mately improving patient outcomes.

The past decade has seen the evolution of sev-
eral non-acoustic radiation force impulse (ARFI)-
based ultrasonic imaging modalities to improve 
ultrasonic visualization of PCa. In their studies, 
Hoyt et al. and Taylor et al. [5, 6] explored elastic-
ity as a mechanism of delineating PCa using a 
sonoelastography crawling wave approach. 
Mahdavi et al. [7] have developed an ultrasonic 
vibro-elastography method that characterizes the 

viscoelastic properties of the prostate to delineate 
prostate anatomy, guide PCa diagnosis, and delin-
eate regions of PCa suspicion. Vibro- elastography 
is also being studied in combination with prostate 
magnetic resonance imaging (MRI) to improve 
prostate cancer detection [8]. Shear wave elastog-
raphy (SWE) [9] and strain-based elastography 
[10, 11] also have diagnostic value identifying 
PCa lesions based on their mechanical properties.

Preliminary studies have demonstrated that 
ARFI imaging, an ultrasonic, elasticity-based 
imaging modality, can delineate PCa and prostate 
anatomy with high fidelity [12–15]. ARFI imag-
ing has short acquisition times, low cost, and por-
tability that could be utilized to guide targeted 
biopsies in outpatient clinical settings. We 
recruited 29 patients with biopsy-confirmed PCa 
who were having radical prostatectomy treat-
ments, and we identified regions in in vivo ARFI 
imaging that were suspicious for cancer (regions 
of suspicion [ROS]) and compared these ARFI 
image findings to whole-mount histopathology. 
Given the challenges associated with reconstruct-
ing imaged prostate volumes from whole-mount 
histology slides, we used a nearest-neighbor 
regional match approach to localize lesions and 
ROS to evaluate ARFI imaging’s ability to iden-
tify clinically significant PCa lesions. Regions of 
atrophy and benign prostatic hyperplasia (BPH) 
were identified on histopathology and evaluated 
as potential confounders when identifying ROS 
in ARFI images.

mailto:mark.palmeri@duke.edu
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 Methods

 ARFI and B-mode Image Acquisition 
and Image Analysis

B-mode and ARFI prostate images were acquired 
in 29 patients with biopsy-confirmed PCa imme-
diately prior to radical prostatectomy (RP) in an 
institutional review board (IRB)-approved study 
after obtaining written informed consent. Imaging 
was performed using a modified Siemens Acuson 
SC2000™ scanner (Siemens Medical Solutions, 
Ultrasound Division, Mountain View, CA) with 
an Acuson ER7B side-fire transrectal probe cou-
pled to a mechanical rotation device (Fig. 15.1).

Images were acquired in the sagittal plane 
using a three focal zone ARFI excitation fired in 
rapid succession to create a virtual, extended 
acoustic radiation force excitation [14, 16, 17]. 
Raw baseband (in-phase and quadrature [IQ]) 
data were acquired at an 8 kHz pulse repetition 
frequency (PRF) for 5 ms using tracking beams 
focused at 60 mm at 5.0 MHz in an F/3 focal con-
figuration with dynamic receive. Track beams 
were acquired using 4:1 parallel receive with 
0.17 mm track beam spacing [18], and data were 
saved for offline displacement estimation. The 
ARFI data acquisition configuration has been 
described in detail in past studies [14].

High-resolution B-mode images were 
acquired in a subsequent data acquisition using 
126 transmits spanning a 55 mm field of view 
with 7:1 parallel receive, coherent beamforming. 
These B-mode sequences used a 7.0 MHz trans-

mit frequency with an F/3 focal configuration at a 
fixed focal depth dependent on the size of the 
prostate, which ranged from 10–60 mm across 
the subjects in this study. An F/1, dynamic receive 
focal configuration was used for receive 
beamforming.

Mechanical rotation of the ER7B probe was 
used to acquire three-dimensional (3D) prostate 
volumes in ~1 degree elevation increments 
between image acquisitions, sweeping an arc 
across the lateral extent of the prostate (Fig. 
15.2). This rotation setup utilized a CIVCO 
Micro-Touch™ stabilizer (CIVCO Medical 
Solutions, Kalona, IA USA) with six axis degrees 
of freedom for manual positioning of the trans-
ducer to sweep through the entire prostate during 
imaging. A custom optical angular feedback 
transduction circuit utilizing a reflective linear 
strip with 212 lines-per-inch resolution (US 
Digital, Vancouver, WA, USA) was coupled to 
the transducer holding cradle (Fig. 15.1) and 
communicated with a QSB-S Quadrature-to- 
USB adapter to achieve 9-line/degree resolution.

The description of the post-processing of 3D 
ARFI imaging data has been previously described 
[14]. Briefly, ARFI image displacements were 
estimated, and a correlation coefficient threshold 
of 0.95 was applied to reject estimates corrupted 
by motion and noise. Displacement data from 
each focal depth were normalized to account for 
depth-dependent variations in ARFI amplitude 
[15]. The imaging planes of displacement data 
were scan-converted to an isotropic voxel size of 
0.15 × 0.15 × 0.15 mm3 for image analysis in 3D 

Fig. 15.1 B-mode/ARFI 
imaging setup with the ER7B 
ultrasound transducer 
integrated into a custom- 
rotating CIVCO transducer 
holder to obtain three- 
dimensional ultrasound 
datasets with the Siemens 
Acuson SC2000™ scanner
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Slicer [15, 19]. Prostate anatomic features, 
including the prostate capsule and central gland, 
were identified, segmented, modeled, and used 
for anatomic guidance during ROS identification 
[15]. ROS were identified, blinded to histopa-
thology, and assigned an index of suspicion (IOS) 
based on a three-point scale (Table 15.1). Axial, 
coronal, and sagittal imaging planes were all 
used to assign IOS. ROS were segmented and 
modeled in 3D Slicer.

 Histopathology Analysis

All ARFI-imaged prostates were radically 
excised and whole mounted for histologic evalu-
ation with hematoxylin and eosin (H&E) stain. 
Two trained pathologists identified the outer cap-
sule, verumontanum, and Gleason grade of PCa 

lesions, along with benign processes, including 
BPH and atrophy.

Histopathology slides were digitized and con-
verted to Neuroimaging Informatics Technology 
Initiative (NIfTI) image stacks using ImageJ 
[14, 20].

Volume estimates were computed for all 
histology- identified PCa lesions using five steps:

 1. Approximate prostate gland volume as an 
ellipsoid using pathology triaxial measure-
ments from just after prostate excision [15].

 2. Segment PCa lesion and prostate capsule 
outline on all slides using 3D Slicer.

 3. Sum the total area of PCa lesion segmenta-
tions across all histology slides.

 4. Divide the total area of PCa lesion by the 
total area of prostate capsule summed across 
slides to compute a total lesion area fraction.

Fig. 15.2 Orientation of the 
swept imaging volume (blue 
outline) relative to the prostate 
and adjacent anatomy. B-mode 
and ARFI images were 
acquired in separate sweeps of 
this volume in ~1 degree 
increments

Table 15.1 Description of index-of-suspicion (IOS) scores for ARFI imaging regions of suspicion (ROS). Note that 
the healthy central gland exhibits heterogeneity in ARFI images that can confound the ability to identify ROS and, 
therefore, reduces this IOS in this scoring scheme

IOS Score

ARFI imaging ROS characteristics

Boundary Contrast Texture Location

1 Variable Low) Variable Peripheral zone or 
central gland

2 Variable Medium Smooth Peripheral zone

3 Well defined High Smooth Peripheral zone
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 5. Multiply total lesion area fraction by 
approximated ellipsoid prostate volume to 
get approximated PCa lesion volume.

 ARFI Imaging and Histopathology 
Correlation

The slice thickness and orientation of whole- 
mount histology slides were approximated during 
the slide registration process, making voxel-to-
voxel comparisons between histology and imag-
ing volumes challenging. For this reason, we 
chose to correlate ARFI image ROS to delineated 
histology lesions using a 27-region model of the 
prostate, where each region is defined by anatomic 
location in the prostate [21]. This regional local-
ization procedure involved three steps:

 1. Visual localization of ARFI image and his-
topathology models to a 27-region, stan-
dardized grid (Fig. 15.3) [21]

 2. Approximation of the ARFI image ROS 
and histopathology lesion centers

 3. Evaluating the matches between the cen-
ters of ARFI image ROS and histopathol-
ogy lesions on the 27-region grid

ARFI image models (prostate capsule, central 
gland, ROS) and histopathology slides were visu-
ally registered to a standardized 27-region grid 
using anatomic features as fiducials [21]. The 

ARFI image ROS centers and histopathology 
lesions were then found by iteratively reducing 
the space of possible center locations on the 
27-region grid to 1 center region using the fol-
lowing steps (Fig. 15.3):

 1. Localize the ROS to the prostate base, mid, 
or apex region, reducing the number of 
possible regions from 27 down to 9.

 2. Localize the ROS to the anterior/posterior 
region, reducing the number of possible 
regions to 5 (posterior) or 4 (anterior).

 3. Localize the ROS to the prostate right/left 
side.

 4. Determine the primary location of the 
tumor burden to localize the ROS to a sin-
gle region.

ARFI-identified ROS that were either located 
in the same region or in the nearest-neighbor 
region as the histopathology PCa lesion center 
were scored as successfully identifying the histo-
pathology lesion. ARFI ROS were also correlated 
with the presence of atrophy and BPH. Atrophy 
and BPH lesions were identified in all regions 
where present in the histopathology slides (not 
just a single center region as was done with the 
PCa) since these processes can be more diffuse, 
and ARFI ROS were deemed coincident with 
atrophy or BPH if the ROS intersected with any 
of the regions for these benign lesion types and 
did not match to a PCa region in histology.

Fig. 15.3 Procedure for localizing ARFI image ROS. 
Step 1: Localize the ROS (green sub-volume in model) to 
the prostate base, mid, or apex region. Step 2: Localize the 
ROS (green outline, IOS = 3) to the prostate anterior or 
posterior region. The magenta outline represents the pros-

tate capsule, and the blue outline represents the central 
gland outline. Step 3: Localize the ROS to the right or left. 
Step 4 (not shown): Determine the single region that cor-
responds best to the bulk of the ROS burden
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 Histopathology Lesion Stratification 
and Calculations

Histopathology lesions were stratified into clini-
cal significance categories (Table 15.2) [22]. 
Along with lesion size, Gleason score was used 
as a primary determinant of PCa clinical signifi-
cance. ARFI imaging PCa detection rates and 
positive predictive values (PPV) were calculated 
for all PCa lesions in this study.

 Results

Of all clinically significant lesions, 71.4 % were 
detected with ARFI imaging (Fig. 15.4a); 82.9 % 
of these clinically significant lesions were in the 
posterior prostate, and 17.1 % were in the ante-
rior prostate. ARFI imaging was able to detect 
79.3 % of all posterior and 33.3 % of all anterior 
clinically significant lesions.

Of ARFI-identified ROS, 79.3 % were clini-
cally significant PCa with the majority having 
IOS scores ≥2 (Fig. 15.4b). One ARFI ROS was 
atrophy, and the others (IOS ≤2) corresponded to 
PCa lesions that were not clinically significant. 
No ARFI ROS were associated with BPH.

Higher-assigned ARFI imaging IOS values 
for lesions showed higher positive predictive 
value (PPV) for both clinically significant dis-
ease and clinically insignificant disease (Table 
15.3).

Figure 15.5 shows examples of PCa lesion 
visibility in ARFI images scored with different 
indices of suspicion. Panel A shows two exam-
ples of PCa lesions that were identified as highly 
suspicious (IOS = 3) in ARFI imaging and cor-
responded to large, clinically significant, poste-

rior PCa lesions. Panel B shows an example of a 
lower suspicion lesion (IOS = 1) that corre-
sponded to a clinically insignificant PCa lesion. 
Panel C1 shows an example of an anterior, clini-
cally significant PCa lesion that was not identi-
fied as an ROS in ARFI imaging, although in 
retrospect, this lesion is clearly visible. Panel C2 
shows a small but clinically significant PCa 
lesion that was missed in ARFI imaging likely 
due to the high gland distortion introduced by the 
prevalent central gland BPH.

Figure 15.6 shows the characteristics of the 
clinically significant lesions that were detected 
and missed in ARFI images as a function of esti-
mated histologic lesion volume and Gleason 
grade.

 Discussion

ARFI imaging has proved to be very specific for 
clinically significant PCa, especially in the poste-
rior region where 79.3 % of clinically significant 
lesions were detected (Fig. 15.4a). ARFI ROS 
scored with an IOS of 2–3 perfectly corresponded 
to PCa lesions (Table 15.3), and 100 % of ARFI 
IOS 3 lesions were clinically significant PCa 
lesions (Fig. 15.4, Table 15.3). The specificity of 
ARFI imaging is significantly greater than that of 
B-mode imaging alone [23]. The high specificity 
of ARFI imaging could have clinical utility in 
distinguishing aggressive PCa lesions that require 
treatment from indolent disease that could be 
focally treated or monitored for progression.

Larger lesions were more readily visualized in 
ARFI imaging. No clinically significant lesions 
with histology volume <0.4 mL (n = 5) were 
identified in ARFI (Fig. 15.6). ARFI imaging’s 
greater sensitivity for larger lesions could be 
 useful for diagnostic purposes to reduce the cur-
rent overly aggressive treatment of small PCa 
lesions.

ARFI image lesion size does not, and was not 
expected, to match the size outlined in the 
 histology slides (Fig. 15.5). The regions delin-
eated with marker on the histology slides corre-
spond to cellular patterns of dysplasia that are 
used to designate different Gleason grades, which 

Table 15.2 Clinical significance categories for 
histopathology- identified PCa [22, 24]. Lesions were also 
characterized by anterior or posterior location in the 
prostate

Clinically significant disease
Clinically insignificant 
disease

Lesion volume > = 0.5 mL Lesion volume <0.5 mL

And/or And

Gleason score >6 Gleason score < = 6
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are not the features that we hypothesize generates 
contrast in ARFI images. We hypothesize that 
ARFI images have PCa lesion contrast due to 

increases in cellular density and intercellular 
connectivity that changes the more macrocellular 
mechanical properties. We expect these changes 

Fig. 15.4 (a) ARFI 
imaging detected 79.3 % 
of posterior and 33.3 % 
of anterior clinically 
significant lesions using 
the nearest-neighbor 
region match. The 
majority (82.9 %) of the 
clinically significant 
lesions were located in 
the posterior region. 
Lesions on whole-mount 
histology were classified 
as clinically significant/
insignificant PCa, BPH, 
or atrophy. (b) 79.3 % of 
ARFI-identified lesions 
were clinically 
significant, with the 
majority having IOS ≥2 
(sub-histogram). The 
clinically insignificant 
PCa lesions that were 
identified overall had 
lower IOS (sub-
histogram), and one 
ARFI ROS (IOS = 1) 
corresponded to a region 
of atrophy. No ARFI 
ROS corresponded to 
BPH, and 1 ARFI ROS 
did not correspond to 
any histology-identified 
lesions
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to be greatest at the “center” of evolving PCa 
lesions, and therefore, we do not expect exact 
spatial correspondence between the outer areas 
outlined in histology and the outer extents of 
regions of decreased displacement in the ARFI 

images. Despite this discrepancy, an ARFI imag-
ing system should be most sensitive to the center 
of PCa lesions, which is the most clinically use-
ful feature when trying to target a biopsy needle.

Six of the prostates had multifocal disease 
with ≥4 discrete clinically significant PCa 
lesions. ARFI imaging was able to detect a PCa 
lesion in only 1/6 (16.7 %) of these cases due to 
the relatively small absolute size of any specific 
PCa focus (Fig. 15.6).

Atrophy was not a significant confounder 
when identifying PCa lesions. Across all ARFI- 
identified ROS, only one region of atrophy was 
identified as a region of low suspicion (IOS = 1) 
BPH and, however, can challenge the ability to 
identify peripheral PCa lesions, especially when 

Table 15.3 Positive predictive value (PPV) and index of 
suspicion (IOS) for clinically significant disease (CSD) as 
well as the presence of any cancer (CSD or CINSD)

IOS score
PPV for CSD 
(%)

PPV for CSD or CINSD 
(%)

3 100 100

2 85 100

1 43 71

CSD clinically significant disease, CINSD clinically insig-
nificant disease

Fig. 15.5 Examples of PCa lesion appearance in 
histogram- normalized ARFI images. Panel (a) shows two 
examples of ARFI-identified IOS = 3 ROS that corre-
sponded to large, posterior PCa index lesions that clearly 
appear as large regions of decreased displacement with 
contralateral contrast. Panel (b) shows an example of an 
ARFI-identified ROS (IOS = 1) that corresponded to a 
small, clinically insignificant posterior PCa lesion. This 
ROS was identified based on a small, localized region of 
decreased displacement. A second, smaller, clinically 
insignificant, posterior PCa lesion on the opposite side 
was not detected as a ROS in the ARFI images. Panel (c) 
shows two examples of PCa lesions that were not identi-
fied as ROS in ARFI imaging. Panel (C1) shows a PCa 
index lesion (green and purple) in the anterior stroma that 
was missed in ARFI imaging (no suspicious regions iden-

tified). The associated ARFI image from the mid-gland 
shows a bright central structure corresponding to the 
BPH/atrophy adjacent to midline on the patient right, but 
the anterior stroma of the prostate could not be reliably 
evaluated due to stiffness heterogeneity introduced by the 
BPH and atrophy. There is also shadowing and a region of 
decorrelation on the patient left due to a posterior calcifi-
cation in the prostate (hypoechoic regions in the B-mode 
image) that can also complicate interpretation of the ARFI 
image. Panel (C2) is an example of a small but clinically 
significant PCa lesion in the patient right posterior region 
of the prostate that was missed in histogram-normalized 
ARFI imaging due to the dominant appearance of atrophy 
and BPH in the enlarged central gland. These large BPH 
nodules heavily distort the typical prostate anatomy and 
can confound identifying PCa lesions in ARFI images
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the BPH dominated the central gland and dis-
torted the normal prostate anatomy visualized in 
ARFI images (Fig. 15.5) [15].

ARFI imaging is one of several novel ultra-
sonic imaging modalities being investigated to 
improve upon the poor performance of B-mode 
ultrasound imaging to delineate clinically sig-
nificant PCa. Moradi et al. have used 3D vibro- 
elastography and vector machine classification 
methods to identify PCa lesions based on image 
texture (e.g., contrast, homogeneity, standard 
deviation), which yielded an AUROC of 
0.81 ± 0.1 [25]. Shear wave elasticity imaging 
(SWEI) of the prostate has also been studied in 
the prostate, with one study achieving a posi-
tive predictive value of 69.4 % using an abso-
lute shear modulus threshold of 37 kPa [9]. 
Compressive strain elastography can also eval-
uate PCa lesions, with a specificity of 83–91 % 
and a positive predictive value of 69 % [26–
28]. Other non-elasticity-based ultrasound 
methods using quantitative tissue characteriza-
tion schemes are also being studied in the 
prostate [29, 30], along with contrast-based 
approaches [31–34].

ARFI imaging has several advantages over 
the other ultrasonic imaging modalities. 
Compressive strain elastography is dependent on 
applying uniform compression across the entire 
prostate gland, and relative strain ratios between 
different regions of interest and quality maps of 
strain confidence are used to overcome these 
challenges [27]. ARFI imaging does not depend 
on applying uniform compression, and in fact, 
after achieving adequate acoustic coupling to the 
rectal wall, additional compression was mini-
mized to avoid any elastic nonlinearities in the 
tissue.

SWEI utilizes shear wave speed reconstruc-
tion kernels of finite spatial extent that can 
limit the achievable spatial resolution [35], but 
ARFI image spatial resolution is higher, since 
it is related to the displacement estimation ker-
nel lengths and beam spacing (<1 mm). ARFI 
imaging is less susceptible to the shear wave 
reflection artifacts that can be present in SWEI 
images [35, 36].

The 71.4 % of clinically significant lesions 
that were detected in ARFI images across all of 
the prostates imaged in this study would be a 

Fig. 15.6 Characteristics of the clinically significant 
lesions that ARFI imaging detected and missed as a func-
tion of estimated histologic lesion volume and Gleason 
grade. “Multifocal disease” is defined as a prostate having 
≥4 cancerous foci. Notice that ARFI did not miss any of 
the highest Gleason grade lesions (Gleason 8 and 9), and 

the majority of the missed clinically significant lesions 
had volumes <1.0 mL or were located in the anterior 
region of the prostate. The numbers on the plots associ-
ated with some of the high-volume lesions indicate the 
absolute volumes of the lesions that fall off the scale of 
each plot
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great improvement over the current transrectal 
ultrasound (TRUS) imaging used during biopsy 
procedures that simply guides the complete core 
sampling across the entire organ during a random 
biopsy procedure, without lesion targeting. Other 
imaging technologies are being studied to guide 
prostate biopsies, such as MR-ultrasound fusion, 
but these methods have yielded accuracy ranging 
from 60 to 70 % [37, 38] and are susceptible to 
modality registration errors due to prostate defor-
mation and varying structural contrast between 
ultrasound and MR. The inherent co-registration 
between ARFI and B-mode ultrasound images 
provides a clear advantage over other multimo-
dality imaging techniques.

 Conclusion

ARFI imaging identified 79.3 % of posterior, 
clinically significant PCa lesions. All highly sus-
picious (IOS = 3) regions in ARFI images corre-
sponded to clinically significant PCa lesions, and 
all moderately suspicious regions (IOS of 2–3) 
corresponded to PCa lesions. BPH can enlarge 
the central gland, causing peripheral zone distor-
tion, and create stiffness heterogeneity in the 
prostate that confounds ARFI PCa lesion identifi-
cation. Overall, ARFI imaging ROS did not coin-
cide with benign atrophy and BPH pathologies. 
ARFI imaging has clinical value in identifying 
and differentiating clinically significant PCa 
lesion in the posterior region of the prostate. 
Future advances in transducer technology and 
modified ARFI imaging sequences should allow 
the anterior region of the prostate to be more reli-
ably interrogated.
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 Introduction

Over the last decade, multiparametric magnetic 
resonance imaging (mpMRI) of the prostate has 
evolved to be the preferred imaging modality for 
detecting and staging prostate cancer (PCa) [1]. 
MRI-guided prostate biopsy has become an 
established approach to sample the prostate in 
multiple clinical contexts [2–5]. Compared to 
transrectal ultrasound (TRUS)-guided systematic 
prostate biopsy (sPBx), MRI-guided prostate 
biopsy is more likely to detect clinically signifi-
cant cancer with fewer cores [6–9], and Gleason 
scores obtained by MRI-guided biopsy correlate 
better with the Gleason scores of radical prosta-
tectomy (RP) specimens. The precise identification 
of tumor location and aggressiveness allows for 
more confident selection of patients for active 
surveillance and focal ablation therapy. More 
accurate grading and staging of the tumor reduces 
the risk of inaccurate risk stratification and upgrad-
ing or upstaging the final diagnosis [6, 10, 11]. 

Moreover, MRI-guided prostate biopsy is less 
likely to diagnose clinically insignificant indo-
lent PCa, therefore decreasing overdiagnosis, 
overtreatment, and the significant associated 
downstream costs and morbidity [12, 13].

 Magnetic Resonance Imaging- 
Guided Prostate Biopsy Technique 
Overview

The terms “MRI-guided” or “MRI-targeted” 
prostate biopsy have been used in the literature to 
describe several techniques that utilize MRI to 
biopsy selected targets in the prostate, including 
TRUS-MRI-guided prostate biopsy with cogni-
tive registration, TRUS-MRI-guided fusion pros-
tate biopsy, and in-bore MRI-targeted prostate 
biopsy.

 In-Bore MRI-Targeted Prostate Biopsy

First described in 2000 [14–16], in-bore MRI- 
targeted prostate biopsy is performed under MRI 
guidance while the patient is in the magnet (in- 
bore) and allows for real-time direct visualiza-
tion of the MRI abnormality as well as the needle. 
This approach has become technically feasible as 
MRI scanners have improved in speed and image 
quality, MRI-compatible equipment has been 
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developed, and advanced visualization software 
tools have become available to help guide the 
procedure.

 Approaches Available for In-Bore 
MRI-Targeted Prostate Biopsy
Most commonly the procedure is performed via 
a transrectal approach. A trans-perineal approach 
is available to those patients who have under-
gone a proctectomy and have limiting perianal 
disease or anal stricture. Although other modali-
ties have been reported for imaging guidance in 
this patient population—including trans-gluteal 
approach computed tomography (CT)-guided 
systematic biopsy [17], trans-perineal approach 
with trans- perineal ultrasound (US) guidance 
[18], and trans-perineal approach with transure-
thral US guidance [19]—the trans-perineal 
approach in- bore MRI-targeted prostate biopsy 
allows for best target lesion visualization in this 
subset of patients. A trans-gluteal approach in-
bore MRI- targeted prostate biopsy has been 
described in the literature, potentially allowing 
for better access to the prostate gland apex in 
some cases [20].

 Patient Preparation Prior to In-Bore 
MRI-Targeted Prostate Biopsy
Contraindications to MRI preclude a patient from 
MRI-guided prostate biopsy. A patient should 
undergo standard MRI screening to evaluate for 
devices (pacemaker, defibrillator, deep brain 
stimulator, cochlear implants, among others) or 
metal foreign bodies that can be absolute contra-
indications to MRI. Pre-procedural evaluation of 
a patient includes assessment for contraindica-
tions including serious bleeding diathesis, sus-
pected acute bacterial prostatitis within 6 weeks 
of the procedure, or active perianal disease. 
Anticoagulation and anti-inflammatory medica-
tions should be appropriately managed. Minor 
complications following prostate biopsy are 
reported in 3–5 % of patients, including limited 
hematuria, hematochezia, hematospermia, uri-
nary retention, and infection.

A diagnostic mpMRI of the prostate is per-
formed where a suspicious or dominant lesion or 
lesions are identified. The diagnostic mpMRI 

may be performed immediately prior to the 
biopsy or on a different day. Prior to the biopsy, 
the patient is premedicated with an antibiotic 
regimen to decrease the risk of infection. The 
American Urological Association (AUA) recom-
mends a 24 h course of a fluoroquinolone and 
cephalosporin in all patients. If this is not done 
beforehand, same-day intravenous antibiotics 
can be administered. In-bore MRI-targeted pros-
tate biopsy requires MRI-compatible equipment. 
The technique has a steep learning curve and can 
be time-consuming initially; however, with expe-
rience with a transrectal or trans-perineal 
approach, a prostate can be sampled in approxi-
mately 30 min with an additional 10–15 min per 
additional target.

 Transrectal Approach In-Bore MRI- 
Targeted Prostate Biopsy Technique

Transrectal approach is the most common tech-
nique used for in-bore MRI-targeted prostate 
biopsy. In our institution we use a 1.5 or 3 Tesla 
magnet, which allows for excellent visualization 
of the target lesion. Open MRI low magnetic field 
scanners have also been used for guidance. 
Although the open low-field-strength MRI 
approach may allow for easier access to the 
patient, the closed-bore high-field-strength mag-
net results in a significantly higher signal-to- 
noise ratio and thus better visualization of the 
target and the prostate. Table 16.1 outlines the 
steps of the protocol used at our institution.

MRI-compatible equipment is necessary and 
is available from several vendors. In our institu-
tion we use the DynaTRIM portable biopsy 
device (Fig. 16.1) and corresponding DynaCAD 
software (Invivo, Gainesville, Florida). The 
equipment comprises a fixed stable base placed 
underneath a prone patient. An adjustable nee-
dle guide is attached to the base once the patient 
is positioned. The needle guide is calibrated to 
its default neutral position settings. The needle 
sleeve is lubricated with lidocaine jelly, inserted 
into the rectum, and attached to the needle 
guide. The needle sleeve is filled with a 
gadolinium- based contrast agent to optimize 
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visualization. The needle guide has a reason-
able, yet limited, range of motion in the cranio-
caudal direction; therefore, we find it useful to 
consider the craniocaudal position of the lesion 
and the patient’s body habitus in determining 
how far we initially place the needle sleeve. 
Specifically, for a base of the prostate lesion, we 
insert the needle sleeve up to the anal verge in 
contrast to an apex lesion where it may be par-
tially inserted. The phased- array coil is placed 
on the patient’s lower back.

A fast T2-weighted sagittal series is acquired. 
This series is used to identify the needle sleeve, 
which is subsequently mapped within the 
software to calibrate its neutral position. 
Subsequently, a high-resolution T2-weighted 
axial image is obtained in order to visualize the 
target lesion. Diffuse-weighted images (DWI) 
can also be used for visualization of the target. 
The lesion is mapped within the software, which 
“locks” onto the lesion and calculates the coordi-
nates for adjusting the needle guide. In our expe-
rience, the generated coordinates slightly 
underestimate the necessary change in the lateral 
adjustments, and we tend to over-adjust by 2–5 
degrees. This variability may be secondary to the 
patient’s rectal tone and pelvis musculature. 
Following the adjustment, a fast T2-weighted 
oblique axial series is acquired parallel to the 
adjusted orientation of the needle sleeve to verify 
ideal positioning relative to the lesion. Additional 
fine adjustments are made as necessary to posi-
tion the needle sleeve directly toward the target 
lesion. The software provides a recommended 
needle length (15 cm or 17.5 cm) and prescribes 
whether the spacer device within the needle 
sleeve should be removed, depending on the 
depth of the lesion relative to the needle sleeve 
hub. Once the needle sleeve tip is directed directly 
toward the target lesion, we fire the needle into 
the lesion and repeat the scan with the biopsy 
needle left in place to document intralesional 
needle position. We obtain two to three cores per 
lesion and frequently adjust the needle sleeve 
minimally between cores in order to sample a 
greater area of the lesion. Figures 16.2 and 16.3 
illustrate a patient case.

Table 16.1 Transrectal in-bore MRI-targeted biopsy 
technique

Pre-biopsy steps

    1. Standard MRI safety precautions

    2.  Diagnostic multiparametric MRI performed with 
an endorectal coil to identify target lesions. 
Typically, high-field-strength MRI with small 
field-of-view T2-weighted, diffusion-weighted, 
and dynamic contrast-enhanced images

    3. The patient is premedicated with oral antibiotics

    4. Obtain an informed consent

Biopsy steps

    1.  The patient is placed prone on the table with the 
needle-guide base positioned at the level of the 
pelvis. Adjust patient position to minimize 
discomfort and motion

    2.  Phased-array coil is placed on the patient’s lower 
back centered over the prostate

    3.  The needle guide is calibrated to its default 
neutral position settings

    4. Needle sleeve is lubricated with lidocaine jelly

    5.  The needle guide is attached to the base, and the 
needle sleeve is inserted into the rectum and 
attached to the needle guide

    6.  A fast T2-weighted sagittal series is acquired and 
sent to the visualization workstation. The image 
that includes the distal tip and majority of the 
needle guide is identified. Calibrate the software 
to the needle sleeve location

    7.  Acquire a high-resolution T2-weighted axial 
image, transfer to workstation, and identify the 
target lesion. Use diagnostic mpMRI images as 
necessary to confirm location

    8.  Map and lock onto the lesion in the visualization 
software. The software generates adjustment 
parameters/coordinates to adjust the needle guide 
toward the target

    9.  Repeat the fast T2-weighted sagittal series and 
fast T2-weighted oblique axial series 
perpendicular to the needle sleeve

    10.  Adjust as necessary and repeat step 9 until 
needle sleeve is directed toward the target

    11.  Select the appropriate needle (15 or 17.5 cm) 
and remove the spacer device if necessary

    12.  Cock the needle and insert into the needle sleeve 
to the hub. Notify the patient about the sound 
and potential discomfort

    13.  Unlock and fire the needle. Leave the needle in 
position, and repeat the oblique axial T2-weighted 
series to document needle position within the 
lesion. Obtain two to three cores per lesion

    14. If additional lesions are targeted, go back to step 8

MRI magnetic resonance imaging, mpMRI multiparamet-
ric MRI
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Fig. 16.1 DynaTRIM portable biopsy device. Figure courtesy of Invivo Corporation, Orlando, FL, USA

Fig. 16.2 Diagnostic multiparametric MRI of the pros-
tate. A 56-year-old male with history of benign prostatic 
hyperplasia and elevated sPSA (7.5 in 2010, increased to 
23.3 in 2014). Multiple negative previous conventional 
TRUS-guided systematic prostate biopsies, including sat-
uration biopsies. A diagnostic multi-planar MRI was per-
formed on a 3 T magnet with an endorectal coil. A 
dominant ovoid 2.7 × 1.6 cm lesion was identified in the 
anterior peripheral zone of the right mid-gland demon-

strating decreased T2-weighted signal intensity (“char-
coal” appearance) (a), marked restricted diffusion on high 
B-value ADC (B = 1550 ms) (b) and diffusion-weighted 
images (c), focal relative hyper-enhancement on early 
DCE images (d), and washout on delayed DCE images 
(e). No confounding T1-weighted (f) signal hyperinten-
sity was present to suggest hemorrhage from prior biopsy. 
The lesion bulges the prostatic contour, suspicious for 
extra-prostatic tumor extension
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 Trans-perineal Approach In-Bore 
MRI-Targeted Prostate Biopsy 
Technique

Patients without a rectum (prior proctectomy), 
limiting perianal disease, or an anal stricture may 
undergo a trans-perineal approach in-bore MRI- 
targeted prostate biopsy. Table 16.2 outlines the 
steps of the protocol used at our institution. In our 
institution we use a commercially available grid 
and software workstation for planning (Visualase, 
Inc., Houston, TX). This is performed with the 
patient in the supine position in our institution. 
Patients require moderate sedation and monitor-
ing during the procedure to limit discomfort. A 
needle-guide template is secured flush against the 
perineum. A high-resolution axial T2-weighted 
sequence is obtained, which includes the tem-
plate and the prostate. The template includes cali-
bration markers, which are used by the software 
to identify the template’s orientation and project 
the trajectory of the template holes onto the pros-
tate. The target lesion is identified, and the appro-
priate template hole is chosen, and the depth of 
insertion is estimated by measuring the distance 
from the template to the target lesion (number of 
slices x slice thickness, assuming no slice gap 
was used). The perineum is anesthetized superfi-
cially and deeply with lidocaine and the trocar is 
inserted. Repeat imaging is performed to confirm 

the location. The depth of the trocar may be 
adjusted, or it may be withdrawn and reposi-
tioned through an appropriate adjacent template 
hole. Once adequate positioning is confirmed 
with repeat imaging, a core biopsy needle is 
inserted and fired. Additional images confirming 
intralesional needle placement are obtained. We 
typically obtain two to three cores per lesion.

Tokuda et al. described a custom-made in- bore 
setup and software to support MRI-targeted trans-
perineal prostate biopsy in a wide-bore 3 Tesla 
MRI scanner without moving the patient out of 
the scanner [21]. A trans-perineal approach allows 
for better access of the anterior and apical regions 
of the prostate [22]. Computer-controlled robotic 
devices have been investigated and require safety 
validation [21, 23–26]. Automated technology 
may allow for more accurate needle placement 
and shorter procedure times. The limitations of a 
trans-perineal approach in-bore MRI- targeted 
prostate biopsy include the additional cost of 
sedation and monitoring during the procedure.

 In-Bore MRI-Targeted Biopsy 
Performance

Schimmoller et al. retrospectively evaluated the 
detection rates of clinically significant prostate 
cancer using in-bore MRI-targeted prostate 

Fig. 16.3 Transrectal in-bore MRI-targeted prostate 
biopsy. The patient from Fig. 16.2 underwent a transrectal 
in-bore MRI-targeted prostate biopsy using a 1.5 T mag-
net and the DynaTRIM portable prostate biopsy device. 
The initial sagittal T2-weighted images (a) demonstrate 
the needle sleeve placed into the rectum. The axial 

T2-weighted images show the needle sleeve and lesion on 
the same image (b). Finally (c) shows an oblique coronal 
image that demonstrates intralesional location of the 
biopsy needle. Final pathology revealed Gleason grade 
4+3 prostatic adenocarcinoma involving 50 % of the tis-
sue volume of the three submitted core specimens
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biopsy in 297 consecutive biopsy-naive patients 
and patients with prior negative TRUS-guided 
sPBx [27] and reported a clinically significant 
(Gleason grade ≥4) PCa detection rate of 55.6 % 
and 43.1 %, respectively.

In 2006 Engelhard et al. reported a signifi-
cant diagnostic yield of in-bore MRI-guided 
prostate biopsy among 37 patients with elevated 
serum prostate-specific antigen (sPSA) and 

negative prior TRUS-guided systematic prostate 
biopsies [28]. More recently, Hoeks et al. 
reported a clinically significant PCa detection 
rate of 41 % among 265 patients who under-
went in-bore MRI-guided prostate biopsy of a 
suspicious MRI lesion in a cohort of 438 con-
secutive patients with a sPSA >4.0 ng/ml and 
one or more prior negative TRUS-guided sPBx 
[29]. Of the cancers detected, 87 % were clini-
cally significant. Nine patients with a negative 
in-bore MRI-guided prostate biopsy had PCa 
detected during follow- up. In this clinical con-
text, the 41 % PCa detection rate and 87 % 
clinically significant PCa detection rate were 
significantly higher than reported rates of can-
cer detection using repeated TRUS-guided sys-
tematic prostate biopsies <18 % [30, 31] and 
56 % [32], respectively.

Pokorny et al. included a population of biopsy-
naive men and reported a detection rate of TRUS-
guided sPBx of 56.5 %, but a higher rate of 
detection for patients who underwent an in-bore 
MRI-guided prostate biopsy, 69.7 % [11]. Most 
of the tumors missed by in-bore MRI-guided 
prostate biopsy alone had a Gleason score of 3+3. 
Although approximately one fourth of patients 
with a non-suspicious MRI had PCa on TRUS-
guided sPBx, the vast majority of these were 
clinically insignificant [6].

The Gleason grade correlates with tumor 
aggressiveness and is therefore a key factor in 
prognosis, risk stratification, and treatment 
decision- making. TRUS-guided prostate 
biopsy Gleason scores are very often discor-
dant with radical prostatectomy specimens, 
with under- grading in up to 38 % of patients 
[33–35]. Hambrock et al. reported a concor-
dance rate of 55 % for TRUS-guided sPBx in 
64 patients and 88 % for transrectal approach 
in-bore MRI- targeted prostate biopsy of the 
most-suspicious lesion on DWI in 34 patients 
compared with radical prostatectomy [36]. 
This confirmed the findings of previous retro-
spective studies [37, 38], which supported the 
utility of mpMRI in predicting the highest 
Gleason grade tumor in radical prostatectomy 
specimens.

Table 16.2 Trans-perineal in-bore MRI-targeted biopsy 
technique

Pre-biopsy steps

    1. Standard MRI safety precautions

    2.  Diagnostic multiparametric MRI performed 
without an endorectal coil to identify target 
lesions. Typically, high-field-strength MRI with 
small field-of-view T2-weighted, diffusion-
weighted, and dynamic contrast-enhanced images

    3. The patient is premedicated with oral antibiotics

    4. Obtain an informed consent

Biopsy steps

    1.  Moderate sedation and monitoring throughout the 
procedure to limit discomfort

    2.  The patient is placed supine on the table. 
Phased-array coil is placed on the patient’s pelvis 
centered over the prostate

    3.  The needle-guide template is secured flush 
against the perineum

    4.  High-resolution axial T2-weighted sequence 
includes the template and the prostate. Images are 
sent to software for calibration of the template

    5.  The software projects the trajectory of the 
template holes onto the prostate. Once the target 
lesion is identified, the corresponding template 
hole is chosen. The depth of insertion is estimated 
by measuring the distance from the template to 
the target lesion

    6.  Local perineal anesthesia is performed through 
the chosen target template hole superficially and 
deeply

    7.  Trocar is inserted to estimated depth. Repeat 
imaging to confirm location

    8.  Once confirmed, cocked biopsy needle is inserted 
through trocar and fired. Repeat imaging to 
confirm intralesional needle placement. Obtain 
two to three cores per lesion

    9.  If additional lesions are targeted, go back to step 
5 and select template hole and depth for 
additional lesions

MRI magnetic resonance imaging
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 In-Bore MRI Versus TRUS-MRI- 
Guided Fusion Prostate Biopsy 
Performance

Several studies directly comparing in-bore MRI- 
targeted with TRUS-MRI-guided fusion prostate 
biopsy have been reported. Arsov et al. compared 
prostate cancer detection rates of in-bore 
 MRI- targeted prostate biopsy alone and TRUS-
MRI- guided fusion combined with TRUS-guided 
sPBx in patients with at least one prior negative 
TRUS-guided sPBx and a sPSA ≥4 ng/ml [39]. 
The trial demonstrated similar PCa detection 
rates, detection rates of clinically significant PCa, 
and highest percent tumor involvement per 
biopsy core.

Quentin et al. prospectively compared the in- 
bore MRI-guided and TRUS-guided sPBx in 
128 biopsy-naive men with elevated sPSA lev-
els and found equally high detection rates 
(53.1 %) [40]. The in-bore MRI-guided tech-
nique resulted in an 85.3 % rate of significant 
cancer detection, compared to 79.4 %. In most 
of the cases where a cancer was missed by the 
TRUS-guided sPBx, the lesions were located 
anteriorly and in the fibromuscular stroma—a 
significant known limitation as 21 % of all PCas 
are located in these regions [41]. In-bore MRI- 
guided prostate biopsy required significantly 
fewer cores and resulted in a higher length/per-
centage of tumor involvement per biopsy core. 
Combining the two biopsy methods resulted in a 
detection rate of 60.9 % and an 82.1 % inci-
dence of clinically significant PCa.

 Clinical Applications of MRI-Guided 
Prostate Biopsy

 Role in Focal Ablation Therapy

Patients with clinically localized, clinically low- 
risk PCa can be considered for focal ablation 
therapy. In contradistinction to extensive whole- 
gland ablation, focal ablation therapy of the pros-
tate treats only the portion of the prostate with 
documented PCa and has the potential of suc-
cessfully treating the cancer in the long term 

while minimizing the risks associated with other 
treatment modalities. There are several ablative 
techniques, including high-intensity focused 
ultrasound (HIFU), cryotherapy, and brachyther-
apy, previously established in whole-gland abla-
tions and modified for limited focal ablation 
therapy. Also, newer energy delivery modalities, 
electroporation and laser ablation, have been 
developed and are being investigated. Each 
approach has specific advantages and disadvan-
tages, with some authors advocating a patient- 
tailored cancer-specific approach [42].

It is generally accepted that the target lesion 
should be confined to one lobe of the prostate and 
visible on the imaging modality guiding the treat-
ment, most commonly mpMRI. It is critical to 
map the exact location of the dominant lesion and 
its borders for successful focal therapy. MRI-
guided prostate biopsies together with systematic 
biopsies can be used for this purpose. Therefore, 
mpMRI and MRI-guided prostate biopsy play an 
integral role in patient selection for focal ablation 
therapy. Current areas of investigation include 
potential underestimation of the volume of tumor 
on mpMRI [43–45]. The ideal treatment “safety” 
margin around an MRI-visible index lesion has 
yet to be determined.

 Prostate Cancer Screening

The essential features for a good screening tool 
include cost-effectiveness, reliability, validity, 
accessibility, and patient acceptance. Around a 
quarter of patients with no suspicious findings on 
mpMRI have PCa on TRUS-guided sPBx. 
However, a vast majority of these are low-grade, 
low- volume cancers. In patients with low risk 
(sPSA <10, digital rectal exam [DRE] normal, 
and no family history), the reported negative pre-
dictive value of mpMRI for clinically significant 
PCa is between 92 % and 100 %. mpMRI is 
reportedly negative in 18–33 % of patients with 
elevated sPSA. Given the generally indolent 
nature of PCa, continued monitoring with sPSA, 
DRE, and/or mpMRI while deferring or forego-
ing a biopsy in these patients may be a justifiable 
screening approach.
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A negative pre-biopsy mpMRI in patients 
with high risk (sPSA > 10 and/or abnormal DRE) 
has a significantly lower negative predictive value 
(47–51 %) and should not preclude a biopsy. 
However, a subsequent MRI-guided prostate 
biopsy is significantly more likely to identify and 
accurately grade the PCa compared to a conven-
tional TRUS-guided sPBx.

Although mpMRI has a significantly lower 
negative predictive value for low-grade clinically 
insignificant PCa, this results in a decreased rate 
of overdiagnosis and overtreatment [46].

 Prior Negative TRUS-Guided 
Systematic Prostate Biopsies

The role of MRI-guided prostate biopsy in 
patients with prior negative TRUS-guided sPBx 
has been well supported and is included in several 
guidelines for this clinical context [47]. As men-
tioned previously, the rate of PCa detection for a 
first TRUS-guided sPBx is low, typically 30–50 % 
[48, 49]. Many patients with persistently elevated 
sPSA may harbor undetected PCa and are fre-
quently advised to undergo repeated TRUS-guided 
sPBx. Historically, repeated TRUS-guided sPBx 
has shown unsatisfactorily low detection rates, 
11–47 % [50], often missing clinically significant 
anteriorly located tumors [51, 52]. In patients 
with prior negative TRUS-guided sPBx with per-
sistently elevated sPSA, PCa detection rates with 
MRI-guided prostate biopsy have been reported 
between 9.5 and 59 % [50]. Resnick et al. reported 
an increasing likelihood of diagnosing clinically 
insignificant disease in patients undergoing serial 
TRUS-guided sPBx [53]. However, there 
remained a significant risk of under-grading rela-
tive to the final radical prostatectomy specimen. 
In-bore MRI-targeted prostate biopsy outper-
forms serial TRUS-guided sPBx [36] in diagnos-
tic yield and concordance with final pathology.

 Active Surveillance

The significant disparity between cancer inci-
dence (15–20 % lifetime) and mortality (3 % life-
time risk of death from PCa) reflects that many 

men may not benefit from aggressive definitive 
treatment of low-grade low-volume PCa. In 
recent years there has been a transition to indi-
vidualized patient-tailored management deci-
sions. Several studies have shown that patients 
with low-grade, localized PCa have a low risk for 
clinical progression within the first 10–15 years 
after diagnosis [54–61]. Watchful waiting with 
palliative treatment for local or metastatic pro-
gression, if and when it occurs, is one option that 
may be appropriate in specific clinical settings, 
such as patients with short life expectancy [58]. 
Alternatively, active surveillance (AS) attempts 
to provide definitive treatment to those with 
localized cancers that are likely to progress while 
reducing the risk of treatment-related complica-
tions for cancers not likely to progress. Patients 
diagnosed with low-grade, low-volume PCa are 
initially not treated but are followed. If there is 
tumor progression or threat of tumor progression, 
they can be treated with curative intent. Initial 
studies with short-term follow-up have been 
promising [62–65], such as the Prostate Cancer 
Research International Active Surveillance 
(PRIAS) study, which showed a disease-specific 
survival rate of 100 % of patients on AS in a 
median follow-up of 1.6 years, but more long- 
term date is needed to validate this approach [66]. 
Godtman et al. concluded that a large proportion 
of men with screening-detected PCa can be man-
aged with AS after following 439 men for a 
median of 6 years from diagnosis [67]. AS typi-
cally consists of a combination of periodic physi-
cal examination and sPSA testing to assess for 
biochemical signs of progression and repeat peri-
odic biopsies to assess for histopathologic pro-
gression. To date, an ideal surveillance regimen 
has not been agreed upon, with as many as 16 
cohorts described in a systematic review in 
2011, comprising different monitoring protocols. 
The most important factor in a successful AS 
program, minimizing the long-term risk-to-
benefit ratio, is the initial selection of patients 
and the accuracy of the monitoring program. 
Gleason score, clinical stage, and sPSA are 
widely accepted clinical variables that predict the 
likelihood of tumor progression and eligibility 
criteria for AS; however, the ideal cutoffs are not 
fully validated [68]. Proposed eligibility criteria 
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include clinically confined PCa, a Gleason score 
≤6, three or fewer cores involved with cancer, 
≤50 % of each core involved with cancer, and 
sPSA <10 ng/ml [47, 69]. AS eligibility criteria 
to date have been shown to result in significant 
under-grading and under-staging [70]. Proposed 
clinical criteria for cancer progression include 
sPSA doubling time ≤2 or ≤4 years, Gleason 
score progression to ≥7, and sPSA progression 
>10 ng/ml; however, significant limitations have 
been noted [64, 66, 71, 72]. mpMRI has a poten-
tially significant role in accurate initial staging 
and in the subsequent surveillance regimen. 
Several studies have investigated the added ben-
efit of mpMRI and MRI-guided prostate biopsy 
among men on AS. Recabal et al. investigated the 
added benefit of MRI-guided prostate biopsy 
using cognitive registration and TRUS-MRI-
guided fusion prostate biopsy in addition to a 
14-core TRUS-guided sPBx in a prospective 
cohort of 206 consecutive men on AS with previ-
ously diagnosed Gleason 3+3 disease. The com-
bined approach of MRI-guided with TRUS-guided 
sPBx resulted in the highest detection rate for 
higher-grade cancer [73].

 Residual or Recurrent Prostate 
Cancer

Up to 25–33 % of patients experience tumor 
recurrence after radiation or surgery. Patients 
who have undergone radical prostatectomy rou-
tinely have their sPSA levels checked in addition 
to other potential tests to evaluate for residual 
tumor or recurrent disease. The sPSA level is 
expected to be very low or nearly undetectable 
within a few months following radical prostatec-
tomy. PSA can remain in the bloodstream follow-
ing surgery, and doctors often advise waiting 
6–8 weeks prior to rechecking the sPSA level. 
Although uncommon, very low sPSA levels can 
potentially reflect normal residual prostate tis-
sue—sometimes referred to as benign regenera-
tion. Rising or elevated sPSA levels (commonly 
accepted as > 0.2 ng/mL) can reflect tumor recur-
rence. Initial evaluation requires differentiating 
local recurrence, systemic recurrence, or both, in 
order to assess appropriate second-line treatment. 

Previously, bone scintigraphy with technetium- 
99m medronic acid and contrast-enhanced 
abdominopelvic computed tomography have 
been the first-line modalities for detecting skele-
tal and lymph node metastases, respectively. 
More recently mpMRI and positron emission 
tomography/CT with choline-derivative tracers 
have demonstrated superior performance in 
depicting local recurrence and lymph node meta-
static disease, respectively [74]. mpMRI is now 
frequently used in detecting local recurrence 
after radical prostatectomy or radiation therapy 
[75]. Dynamic contrast-enhanced imaging spe-
cifically has been reported to be the most reliable 
sequence in detecting local recurrence [76, 77], 
commonly seen at the vesicourethral anastomo-
sis. In current guidelines, lack of imaging evi-
dence for local recurrence does not preclude 
initiation of local salvage treatment in the pres-
ence of biochemical recurrence, given the limited 
sensitivity for detecting small-sized local recur-
rence. In the presence of suspicious imaging find-
ings, a confirmatory MRI-guided prostate/lesion 
biopsy may be obtained. If focal ablation therapy 
is considered for suspected locally recurrent 
prostate cancer, a confirmatory MRI-guided 
prostate/lesion biopsy is typically warranted.

 Proctectomy Patients

In patients with a proctectomy, limiting perianal 
disease, or an anal stricture, a TRUS-guided 
sPBx may not be possible. A trans-perineal or 
trans-gluteal approach in-bore MRI-targeted 
prostate biopsy may be performed to evaluate for 
suspected prostate cancer.

 Other MRI-Guided Prostate Biopsy 
Techniques

 TRUS-MRI-Guided Prostate Biopsy 
with Cognitive Registration

TRUS-MRI-guided prostate biopsy with cogni-
tive (or “visual”) registration (“fusion” or “esti-
mation”) requires the physician who will be 
performing the biopsy to review, be aware of, 
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and/or have before them the mpMRI findings in 
order to cognitively register the suspicious 
mpMRI target location onto the real-time TRUS 
images of the prostate and subsequently manu-
ally guide the needle to the anticipated corre-
sponding site of the target. The accuracy of this 
technique is dependent on the operator’s techni-
cal skill in addition to the accuracy of mpMRI to 
detect PCa. With the advancement of mpMRI, 
this method was described in the early 2000s and 
has subsequently become widely used [6, 78–80]. 
In experienced hands this approach has been 
shown to be up to 82 % accurate in sampling the 
correct target, with anterior tumors being the 
most challenging [81]. This may be the most 
widely used technique given its technological 
simplicity and no requirement for additional 
costly equipment. In addition to the complex 
technical and cognitive challenges of this tech-
nique, there are other constraints. Specifically, 
the mpMRI images may reflect a different geo-
metric appearance of the prostate compared to 
the real-time TRUS images given the variable 
degree of mass effect from an endorectal coil, if 
present during the mpMRI, the degree of bladder 
and/or rectal distension, and the degree of distor-
tion from the ultrasound probe, making spatial 
registration challenging. Experience, knowledge 
of zonal topography, and anatomical landmarks 
are fundamental to successful targeting [82].

 TRUS-MRI-Guided Fusion Prostate 
Biopsy

The next technological iteration of MRI-guided 
prostate biopsy has been the advent of hardware 
and software fusion (or “registration”) allowing 
real-time guidance by co-registering and overlay-
ing the previously acquired mapped mpMRI 
images onto the TRUS images during the biopsy. 
Typically, this is done by outlining (or “map-
ping”) the prostate margin and the suspicious 
lesion on the mpMRI images. These images are 
subsequently transferred to a specialized worksta-
tion. The entire volume of the prostate is imaged 
by TRUS, and the software fuses the mpMRI and 
ultrasound images of the prostate by using the 
boundaries as a guide (using a fixed and/or flexible 

approach, depending on the vendor’s implementa-
tion). The hardware subsequently monitors the 
position of the TRUS probe relative to the prostate 
and can provide real-time imaging in order to 
align the biopsy to the co- registered site of the tar-
get lesion. Compared to cognitive registration, 
this technique potentially has improved reproduc-
ibility by decreasing dependence on the biopsy 
physician. However, this technique requires spe-
cial hardware and software, training, and meticu-
lous implementation. Rarely is there visualization 
of the lesion on the ultrasound images. Without an 
ultrasound imaging correlate for the mpMRI 
abnormality, the accuracy of this technique is 
dependent on numerous technical factors, which 
may make the targeting suboptimal. The limita-
tions of this technique include the additional costs 
of the hardware and software, the accuracy of the 
merging software, the accuracy of the spatial 
localization of the TRUS probe, and the associ-
ated learning curve and training.

 Conclusion

In-bore MRI-targeted prostate biopsy has become 
an established approach to safely and accurately 
sample suspicious prostate targets identified on 
mpMRI. The biopsy results are more likely to 
detect clinically significant PCa and correlate with 
the Gleason score of radical prostatectomy speci-
mens when compared to TRUS-guided sPBx. 
Although more comparison data is needed, in-bore 
MRI-targeted prostate biopsy has reportedly 
resulted in comparable or slightly higher detection 
rates of PCa when compared to other MRI-guided 
techniques. The performance of in- bore MRI-
targeted prostate biopsy specifically and MRI-
guided prostate biopsy techniques in general can 
help address the current concerns of overdiagnosis 
and overtreatment of clinically indolent PCa, by 
allowing for more reliable risk stratification, 
patient selection, and monitoring for less aggres-
sive and morbid treatment options such as watch-
ful waiting, active surveillance, and focal therapy. 
Focal therapy will become more widely accepted 
and utilized, thanks in large part to the advent and 
optimization of mpMRI and subsequent MRI-
guided prostate biopsy techniques.
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 Introduction

In current practice, prostate cancer suspicion is 
confirmed with transrectal ultrasound (TRUS)-
guided 12-core biopsy directed at various regions 
of the prostate in a systematic manner. These 
biopsies are, in essence, blinded and random by 
nature as they are not directed toward a specific 
target, but rather to various geographic regions of 
the prostate. The widespread use of prostate- 
specific antigen (PSA) screening and TRUS- 

guided prostate biopsy has resulted in the 
overdiagnosis and overtreatment of low-risk 
prostate cancers and the underdetection/under-
treatment of high-risk cancers, leading to unwar-
ranted interventions without definitive benefit. 
The introduction of multiparametric magnetic 
resonance imaging (mpMRI) has revolutionized 
the way we visualize prostate cancer, as it helps 
delineate and characterize specific lesions that 
are potentially malignant. Extending from mpMR 
imaging, a novel and potentially transformative 
technique, named MRI/TRUS fusion-guided 
biopsy, has recently emerged as an option for a 
more precise prostate biopsy.

TRUS offers the ability to acquire imaging in 
real time but is limited by poor spatial resolution 
and low sensitivity for prostate cancer, as lesions 
can often appear isoechoic on TRUS imaging, 
making them difficult to distinguish from back-
ground [1]. Conversely, MR imaging presents 
prostatic lesions with striking detail and pos-
sesses high sensitivity, yet does not offer the 
capability for real-time image acquisition and 
guidance for biopsy in a timely or cost-efficient 
manner. Developers have strategically created 
“fusion” platforms to combine MR and TRUS 
imaging, thus allowing individuals performing 
biopsy to take advantage of the essential infor-
mation and features offered by both modalities 
[2]. Utilizing these fusion biopsy platforms, a tar-
geted fusion biopsy allows for sampling of spe-
cific regions within the prostate with lesions 
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pre-identified on MRI, thus providing the future 
possibility of circumventing the need for random 
“blinded” biopsies throughout the gland.

Herein, we provide a comprehensive review 
of the current MRI/TRUS fusion-based targeting 
strategies, indications as well as general work-
flow for the fusion biopsy technique, and an over-
view of commercially available software-based 
registration platforms and their respective 
strengths, limitations, and patient outcomes.

 Magnetic Resonance Imaging- 
Based Targeted Biopsy Techniques

Three methods of MRI guidance are currently uti-
lized for performance of targeted prostate biopsy: 
cognitive fusion, direct MRI-guided biopsy (“in-
bore” biopsy), and MRI/TRUS fusion-guided 
biopsy (software-based registration).

 Cognitive Fusion

Cognitive fusion (visual targeted biopsy) is a 
technique in which the ultrasound operator sim-
ply aims the biopsy needle in the general region 
of the prostate where a prior MRI demonstrates a 
lesion [3]. Therefore, prostate MR imaging is 
acquired prior to a TRUS-guided biopsy proce-
dure, and “cognitive registration” is performed 
using knowledge from the MRI to guide the 
biopsy needle to the appropriate area(s) of the 
prostate with MRI-identified cancer-suspicious 
lesions. This method is appealing as it is simple 
and time efficient and does not require any addi-
tional equipment beyond an MRI scanner and 
traditional TRUS biopsy setup. Furthermore, 
cognitive fusion does not necessitate significant 
upfront capital investment or additional training 
modules/sessions with unfamiliar hardware and 
software. Several studies have compared cogni-
tive fusion to the conventional systematic biopsy 
technique and to software-based registration plat-
forms. Haffner et al. showed, in a cohort of 555 
patients with suspicion of prostate cancer, that 
cognitive fusion biopsy had higher detection 
accuracy of clinically significant prostate cancer 

relative to extended systematic biopsy involving 
10–12 cores (p < 0.001) [4]. Furthermore, tar-
geted biopsy with cognitive registration detected 
16 % more grade 4/5 cancers and more accurately 
quantified tumor burden (p = 0.002). Similarly, 
Park et al. demonstrated in a prospective evalua-
tion in patients with elevated PSA and no prior 
biopsy history that cognitive fusion had higher 
cancer detection rates (29.5 % vs. 9.8 %, OR 3.9, 
p = 0.03) relative to TRUS biopsy alone [5]. In 
the prospective PROFUS trial, Wysock et al. 
compared targeted biopsy outcomes between 
MRI/ultrasound fusion biopsy and cognitive 
fusion biopsy and found similar cancer detection 
rates (CDRs) for all cancers (32.0 % vs. 20.3 %, 
p = 0.1374) and Gleason sum ≥7 cancers (26.7 % 
vs. 15.1 %, p = 0.0523) [6]. Another study com-
pared targeted MRI/TRUS fusion biopsy (both 
cognitive fusion and software based) to TRUS- 
guided systematic biopsy in a prospective trial of 
95 patients who had suspicious images at mpMRI 
[7]; they found that positivity rates for prostate 
cancer (69 % vs. 59 %, p = 0.033) and sampling 
quality (maximum cancer length per core, 
Gleason grade) were superior with targeted 
biopsy relative to systematic biopsy, regardless of 
visual (cognitive)-based registration or software- 
assisted registration.

Nevertheless, it appears that results with cog-
nitive fusion biopsy are mixed, as a few studies 
have shown cognitive fusion biopsy to be no bet-
ter than systematic TRUS biopsy [8, 9]. 
Delongchamps et al. tested accuracy of visual 
targeted biopsy in 127 patients and found no dif-
ference when compared to systematic biopsy 
with respect to cancer detection rate (p = 0.66) 
[8]. In the only Level I evidence to date compar-
ing cognitive fusion biopsy to systematic 10- to 
12-core TRUS biopsy, Tonttila et al. found no dif-
ference in cancer detection rates for both overall 
(64 % vs. 57 %, p = 0.5) and clinically significant 
(55 % vs. 45 %, p = 0.8) cancers; therefore, the 
authors concluded that additional prostate MRI 
before prostate biopsy did not add significant 
value [9]. However, rather than inferring that no 
benefit is achieved from MRI, this study may sig-
nify that there is limited benefit in biopsy-naïve 
patients. Lastly, in direct comparison of MRI/
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TRUS fusion versus cognitive registration, one 
study found cognitive registration to be inferior 
to software-based MRI/TRUS fusion, as fewer 
than 50 % of clinically significant prostate cancer 
lesions were successfully sampled with cognitive 
registration, regardless of experience level [10].

Cognitive fusion biopsy is heavily operator 
dependent and requires extensive knowledge of 
prostate anatomy in order to extrapolate lesion 
location from MRI to TRUS without an actual 
overlay and registration of imaging. One study 
highlights the difficulty in performing visual reg-
istration, as TRUS 2D images project in a fan- 
shaped pattern and can be markedly different 
from the axial imaging plane on MRI, making it 
difficult to accurately estimate lesion location 
during TRUS biopsy [11]. This imaging disparity 
is most evident in anterior base and anterior api-
cal lesions. Inaccurate lesion location estimation 
can be partially overcome by utilization of ana-
tomical landmarks, such as prostatic cysts, benign 
prostatic hyperplasia (BPH) nodules, and/or cal-
cifications as internal reference points to help 
further guide the biopsy needle. However, these 
“internal fiducials” are not always present, and 
heterogeneous echogenicity on TRUS may 
falsely lead the reader to misregister images, 
small differences of which can dramatically alter 
the results. As a final limitation, cognitive fusion 
methods do not offer the ability to track and 
record biopsy coordinates for later reference.

 In-Bore MRI-Guided Biopsy

In-bore MRI-guided biopsy entails acquiring 
biopsy samples within the MRI gantry under 
direct guidance after prostate lesions have been 
pre-identified with a prior diagnostic 
mpMRI. During biopsy, the patient is placed 
prone in the MRI apparatus, and biopsy needles 
are directed toward suspicious lesions via a tran-
srectal or transperineal (TP) approach [12]. Core 
samples are obtained with serial MRI scans to 
confirm biopsy needle placement [13]. The pri-
mary advantages for this approach are precise 
lesion sampling due to elimination of registration 
error and less total number of cores relative to 

systematic 10–12-core biopsy, as only suspicious 
lesions are targeted [14].

In a study of 100 patients with prior negative 
TRUS biopsy, persistently elevated or rising 
serum PSA, and at least one suspicious lesion on 
MRI, Roethke et al. found a CDR of 52 % overall 
and 80.8 % for clinically significant prostate can-
cer utilizing the in-bore MRI-guided biopsy tech-
nique [15]. Similarly, another report demonstrated 
the utility of MRI-guided in-bore biopsy in 
patients with prior negative biopsies and biopsy- 
naïve patients, with overall CDRs of 43.1 % and 
55.6 %, respectively [16]. Hambrock et al. com-
pared the ability of in-bore mpMRI-guided biop-
sies versus 10-core TRUS biopsy to match true 
Gleason grade as determined by the gold stan-
dard of radical prostatectomy specimens; they 
showed that the highest Gleason grade from in- 
bore biopsy matched final pathology in 88 % (30 
of 34) patients, whereas the highest Gleason 
grade from 10-core TRUS biopsy matched final 
pathology in only 55 % (35 of 64) of patients 
(p = 0.001) [17].

Despite initial success with several studies 
demonstrating its efficacy, in-bore MRI-guided 
biopsy has not been embraced clinically due to 
several limitations. Firstly, the procedure is rela-
tively lengthy and often requires sedation as 
patients have to remain still for the duration of 
the procedure. Moreover, the technique is costly 
and requires trained personnel and specialized 
MR-safe equipment. Lastly, the biopsy is per-
formed in the radiology department and thus 
interferes with normal day-to-day workflow. Its 
unique benefit would be in patients unable to 
undergo TRUS (e.g., abdominoperineal resec-
tion), where an in-gantry approach would pro-
vide reliable imaging and targeting [18]. Thus, 
although accurate and utilized in some centers, 
this technique has not been broadly adopted for 
clinical use [19].

 Software-Based Registration

The next step in the evolution of MRI-targeted 
biopsy has involved “fusion” of mpMRI to TRUS 
imaging utilizing software-based platforms that 
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allow for digital overlay. MpMRI provides 
detailed lesion information such as size and loca-
tion, while TRUS provides real-time guidance for 
biopsy. Thus, MRI/TRUS fusion technology 
allows the user to combine advantages provided 
by both for sampling, such that lesion(s) previ-
ously delineated on MRI can be brought into 
view via manipulation of the TRUS probe and 
directly targeted. Furthermore, these software- 
based strategies enable prostate biopsy to be per-
formed in the clinical outpatient office-based 
setting, much like the cognitive technique. This 
strategy, although it requires users to become 
familiar with additional software and hardware, 
is quick, efficient, and cost-effective.

Henceforth in this chapter, we will focus on 
MRI/TRUS fusion-guided biopsy as it is cur-
rently the most widely utilized MRI-based tar-
geted biopsy approach. Since the late 2000s, 
multiple MRI/TRUS fusion platforms have been 
developed and are currently utilized in clinical 
practice (Table 17.1). While the workflow begins 
similarly with MR image acquisition and analy-
sis, biopsy planning, and MR/TRUS image 
fusion (registration), the available platforms pri-
marily differ in the following ways: the image 
registration algorithm, method of needle track-
ing, the hardware and software interface to pres-

ent fused MR/TRUS imaging, additional software 
functionality, and route of biopsy.

Additionally, the major commercially avail-
able software-based registration platforms, their 
similarities, and differences for targeted biopsy 
of the prostate as well as outcomes are reviewed.

 Indications for Fusion Biopsy

As adoption of fusion biopsy has steadily 
increased over the last several years, the indica-
tions for its use have expanded [20–22]. Targeted 
biopsy currently has an established role in the 
following three scenarios: (1) patients with con-
tinued suspicion for prostate cancer despite prior 
negative systematic TRUS biopsies, (2) patients 
with apparent low-risk prostate cancer interested 
in active surveillance, and (3) patients with 
mpMRI-defined lesions in locations of the pros-
tate that are traditionally missed with systematic 
12-core biopsy.

In the context of rising PSA and continued 
cancer suspicion despite multiple negative stan-
dard TRUS biopsies, current standard of care is to 
perform saturation biopsy with >20 cores, which 
is often associated with increased patient discom-
fort and need for general anesthesia [23]. One 

Table 17.1 Summary of commercially available MRI/ultrasound fusion-guided prostate biopsy platforms

Platform (manufacturer)

FDA 
approval 
year

US probe 
manipulation Tracking method

Registration 
method Route of biopsy

UroNav (Philips/Invivo) 2005 Freehand Electromagnetic Rigid or 
elastic

Transrectal or 
transperineal

Virtual Navigator (Esaote) 2014 Freehand Electromagnetic Rigid Transrectal

Real-time Virtual 
Sonography (Hitachi)

2010 Freehand Electromagnetic Rigid Transrectal or 
transperineal

Artemis (Eigen) 2008 Rotation of 
articulated arm

Mechanical arm with 
encoders

Elastic Transrectal

BiopSee (Pi Medical/
MedCom)

– Mechanical 
stepper 
movement in 
two planes

Stepper with 
encoders

Rigid Transperineal

BioJet (D&K 
Technologies)

2012 Rotation of 
articulated arm

Mechanical arm with 
encoders

Rigid Transrectal or 
transperineal

Urostation (Koelis) 2010 Freehand TRUS-TRUS 
registration

Elastic Transrectal

FDA Food and Drug Administration, US ultrasound, TRUS transrectal ultrasound
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early study demonstrated the utility of targeted 
prostate biopsy in men with prior negative biopsy 
and elevated PSA, as fusion biopsy revealed pros-
tate cancer in 34 % (36/105) of men, with 72 % of 
men with prostate cancer detected harboring clin-
ically significant disease [24]. Similarly, Vourganti 
et al. showed in a prior negative TRUS biopsy 
cohort of 195 men that MRI/TRUS fusion biopsy 
picked up all high- grade cancers (21 men, 11 %), 
whereas standard TRUS biopsy missed 12 of 
these high-grade cancers (55 %) [25]. Furthermore, 
in a prospective study by Salami et al. in 140 
patients with at least one prior negative biopsy, 
the CDRs for clinically significant prostate cancer 
utilizing MRI/TRUS fusion biopsy were signifi-
cantly higher than that of 12-core biopsy (47.9 % 
vs. 30.7 %, p < 0.001) [26].

With respect to active surveillance (AS), 
mpMRI- and MR-targeted fusion biopsy has 
proven utility in confirmation of candidacy for AS 
and continued monitoring [27]. In a study of 113 
men enrolled in an AS protocol, confirmatory 
fusion biopsy resulted in reclassification in 36 % 
of patients, including 26 (23 %) due to Gleason 
grade 6 or greater and 15 (13 %) due to high-vol-
ume Gleason 6 disease [28]. Similarly, Stamatakis 
et al. found 29 % of their cohort (25/85 men) no 
longer met AS criteria after a confirmatory MRI/
TRUS fusion-guided prostate biopsy [29]. In this 
study, number of mpMRI lesions, lesion density, 
and highest MRI lesion suspicion score were the 
significant MRI predictors of patients who would 
be poor AS candidates. In addition, in a study of 
111 patients on AS, researchers showed that the 
use of mpMRI with subsequent fusion biopsy sig-
nificantly increased the rate of AS termination 
relative to standard template biopsy alone (27 vs. 
10, p = 0.015) [30]. Furthermore, early work has 
shown successful monitoring of cancer in patients 
on AS using MRI to electronically track specific 
cancer sites within the prostate, allowing for the 
return to that specific site with subsequent tar-
geted biopsies [31]. Repeat sampling of cancer-
ous sites within MRI targets was more likely to 
show cancer than resampling of tumors at system-
atic sites (61 % vs. 29 %, p = 0.005), suggesting 
improved accuracy in MRI-aided resampling 
methods over TRUS-guided methods. Walton 

Diaz et al. illustrated the utility of serial mpMRI 
and MRI/TRUS fusion biopsy in monitoring 
patients on AS, as stable findings on mpMRI were 
associated with Gleason score stability [32]. In 
this study, the number needed to biopsy to detect 
one Gleason progression was 8.74 for systematic 
12-core biopsy vs. 2.9 for MRI/TRUS fusion 
biopsy. While further work is necessary, these ini-
tial studies help validate the use of serial imaging 
and targeted fusion biopsy with limited number of 
cores as tools to monitor patients on AS.

Lastly, MRI/TRUS fusion biopsy has demon-
strated utility in targeting regions of the prostate 
that are typically missed with systematic 12-core 
biopsy, such as the anterior prostate, distal apical, 
and subcapsular regions [33–35]. Therefore, 
MR-targeted fusion biopsy should potentially be 
employed in patients in which MR imaging illus-
trates the presence of lesions in regions that are 
traditionally outside the systematic 12-core 
biopsy template.

 Workflow of MRI/TRUS Fusion- 
Guided Biopsy

The workflow of MRI/TRUS fusion-guided 
biopsy in general involves the following steps in 
a sequential manner: MR image acquisition, MR 
prostate and lesion segmentation, ultrasound 
prostate segmentation, and image registration, 
followed by fusion-guided biopsy (Fig. 17.1).

MR images of the prostate are acquired first, 
followed by prostate boundary surface rendering 
and tumor location marking by the radiologist. An 
mpMRI study typically consists of T2-weighted 
(T2W), diffusion-weighted imaging (DWI), and 
dynamic contrast-enhanced (DCE) sequences, 
with or without the use of an endorectal coil while 
acquiring images, as well as other sequences 
required for completion of a standard pelvic 
MRI. Utilizing T2W imaging, the prostate is 
semiautomatically contoured with imaging soft-
ware and manually adjusted where necessary 
[36]. The MR slice with the largest lesion diame-
ter is utilized to define biopsy targets as a centroid 
marker or alternatively can be segmented on mul-
tiple slices to produce a three-dimensional (3D) 
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volume. This information is then sent electroni-
cally to the biopsy suite. Next, at the time of 
biopsy, a 3D TRUS volume model of the prostate 
is constructed from a series of two-dimensional 
(2D) TRUS images obtained via a sweep of the 
entire prostate with the TRUS probe. The TRUS 
3D model is then segmented semiautomatically 
(with manual adjustments if necessary) and 
“fused” to the prostate MRI with registration soft-
ware. This fusion or “registration” can be com-
pleted manually utilizing rigid registration; 
alternatively, the software can co-register the two 
prostate shapes to each other using a deformable 
or elastic registration algorithm depending on the 
fusion system being utilized (discussed in greater 
detail later). After registration of the two imaging 
modalities, the TRUS probe can be manipulated 
in real time, which allows the user to observe cor-
responding rotation or translation of the MR 
image. Thus, this technique enables the TRUS 
operator to guide a precise targeted biopsy of 

lesion(s) utilizing information from the previ-
ously acquired prostate MRI.

 Registration Algorithms

The major technological challenge with MRI/
TRUS fusion biopsy is the registration process 
that fuses MRI to the ultrasound image. Because 
the prostate on MRI (with an endorectal coil in 
place) often differs in shape from the same pros-
tate on TRUS due to deformation, adjustments 
are necessary for optimal registration. This pro-
cess can partly involve indirect alignment of 
prostate landmarks/internal fiducials (calcifica-
tions, cysts, BPH nodules, fixed bony points, etc.) 
that can be identified on both corresponding 
images and/or manual adjustment of probe pres-
sure. Registration can be completed in one of two 
manners: rigid registration or elastic registration. 
In rigid registration, the surface rendering of the 

Fig. 17.1 Workflow of Urostation (Koelis) software-based registration platform
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prostate generated from MR and TRUS sweep is 
not altered in any manner; the prostate contours 
are simply manipulated to allow for rotational or 
translational alignment between images using a 
mathematical algorithm. Thus, with rigid regis-
tration, the internal anatomy of the prostate is 
preserved at the expense of prostate borders that 
may not appear to perfectly align. If images are 
suboptimally aligned during the procedure due to 
patient movement and/or prostate deformation, 
registration can be manually adjusted in real time 
by re-aligning the prostate contour edges or 
adjusting probe pressure. In elastic registration, 
the software algorithm stretches or “warps” the 
MR image prostate shape to match the TRUS 
prostate contour. Therefore, internal prostate 
anatomy is altered in an attempt to more properly 
match the two images with respect to surface 
contours. As the MR prostate contour is artifi-
cially altered to match the TRUS-generated 3D 
model of the prostate in elastic transformation, 
the quality of the ultrasound segmentation 
becomes highly critical. Robust US image acqui-
sition helps to avoid misaligned or incorrectly 
warped registration.

After registration is completed, the graphical 
user interface of the different platforms vary and 
present fused MR-US images to the operator in 
different manners depending on the specific plat-
form and user preference. Some platforms have 
the fused images displayed separately side by 
side in a “co-display” fashion, while others dis-
play a blended fusion image with MR and TRUS 
overlaid on top of each other in different color 
schemes. Lesions are typically marked with an 
indicator/“bullseye” or 3D region of interest to 
guide sampling.

A few fusion platforms currently are equipped 
with both rigid and elastic registration algo-
rithms, allowing the user to potentially take 
advantage of both options depending on the spe-
cific circumstances encountered with a given 
patient. Regardless of the registration method, 
real-time operator input throughout the biopsy 
procedure and manual adjustments of the regis-
tration are of critical importance to fine-tune reg-
istration and optimize the targeting before and 
between core sampling.

 Biopsy Needle Tracking

An additional functional aspect of several of the 
fusion platforms is the ability to track and record 
the position of the TRUS biopsy probe in real 
time in 3D space. This allows the user to track 
and navigate the needle to the appropriate slices 
with marked targets. There are currently three 
main methods for tracking: (1) electromagnetic 
(EM) tracking (“medical GPS”), (2) position- 
encoded joints in smart robotic arms, and (3) 
image-based software tracking.

Electromagnetic tracking (e.g., UroNav, 
Invivo Corp., Gainesville, FL, USA; Virtual 
Navigator, Esaote SpA, Genoa, Italy; Real-time 
Virtual Sonography, Hitachi Ltd., Tokyo, Japan) 
refers to a process by which the position of a 
small sensor attached to the TRUS biopsy probe 
within an external magnetic field (produced by a 
EM field generator) is relayed continuously to 
the computer. This form of tracking operates on 
Faraday’s law of induction, which is the idea that 
a moving sensor located in the midst of an elec-
tromagnetic field emits an electrical current, 
which can then, in turn, be converted by software 
into a 3D position in space. This position in space 
can then be translated onto the fused imaging. 
The exact position of the TRUS probe is utilized 
to guide the operator toward the planned approach 
trajectory for each target as defined on pre- 
procedure mpMRI. The major advantage of this 
tracking technique is that it allows conventional 
freehand manipulation of the probe in multiple 
degrees of freedom, a process familiar to most 
urologists who routinely perform TRUS biopsy 
[37]. A potential disadvantage with this tracking 
method is the possibility for introduction of 
human error due to unsteady hands at time of 
needle deployment, leading to inaccurate sam-
pling of the target lesion (mechanical error). 
Additional ferromagnetic interference from 
metallic objects can affect the accuracy of 
 tracking, and care must be taken to minimize the 
proximity of these to the electromagnetic field.

Robotic fusion platforms (e.g., Artemis, 
Eigen, Grass Valley, CA, USA; BiopSee, Pi 
Medical, Athens, Greece; BioJet, BK Ultrasound, 
Analogic Corp., Peabody, MA, USA) operate 
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with mechanical devices that directly control the 
TRUS biopsy probe’s movement. The probe is 
mounted on either a basic mechanical stepper 
with position sensors or a more complex self- 
articulating mechanical arm with built in angle- 
sensing encoders [38, 39]. Throughout the 
procedure, these sensors automatically relay 
angle and positional information to software that 
tracks the position of the probe and biopsy needle 
in 3D space. These robotic platforms allow for 
limited degrees of freedom along a fixed axis 
when manipulating the probe—mainly forward/
backward and rotational. This technology offers 
improved probe stability during target acquisi-
tion, thereby reducing human mechanical error. 
However, the machine itself is bulkier relative to 
freehand devices and does not allow the user to 
review the MR images during procedure. Also, 
one is not able to turn off elastic deformation to 
review the raw MR image dataset and optimize 
the biopsy approach compared to other systems.

Image-based software tracking (Urostation, 
Koelis, Meylan, France) is unique in that it relies 
on TRUS-TRUS registration as the tracking 
mechanism and thus does not require additional 
hardware such as electromagnetic field genera-
tors or robotic arms. An initial 3D TRUS sweep 
of the prostate is performed, and then serial 3D 
TRUS images acquired after each biopsy are 
sequentially registered with the initial 3D TRUS 
panoramic volume to confirm needle position. 
Prior to the acquiring of targeted biopsies, elastic 
image fusion of real-time 3D TRUS volume from 
the sweep with previously acquired MR imaging 
is performed to allow for the identification of 
isoechoic lesions [40]. This technology was ini-
tially designed to map the 3D location of biopsy 
tracks within a 3D prostate model but then subse-
quently evolved to allow for prospective naviga-
tion of a TRUS probe to predefined suspicious 
areas within the prostate. This system offers 
potential advantages in that tracking can be 
achieved in a cost-effective manner without need 
for any additional hardware, and the use of the 
freehand biopsy technique is preserved, which 
should be familiar to most urologists. However, 
this technology is limited in that it does not offer 
“real-time” tracking, but rather allows for retro-

spective visualization of biopsy needle tracks 
relative to MRI-defined lesion locations. As an 
extension of this limitation, 3D TRUS imaging 
must be undertaken after every needle deploy-
ment to confirm location, with the needle held in 
exact place for 3–5 s.

 Mapping and Navigation

Mapping and navigation are integral capabilities 
that are offered to varying degrees by the differ-
ent fusion platforms. Mapping is the process by 
which software electronically tracks and records 
the location of a biopsy core in 3D space within a 
prostate model utilizing pre-procedure MRI as 
the reference “map.” This information can be 
stored within the system for later use. Clinical 
applications of mapping include, but are not lim-
ited to, targeting cancer-positive-specific sites 
within the prostate on repeat biopsy (i.e., for 
patients on AS protocols) or planning the volu-
metric dimensions for focal therapy. Alternatively, 
a positive core from systematic sextant biopsy in 
a location not delineated by MRI (“MR invisi-
ble”) can be mapped and subsequently targeted in 
a precise manner in a repeat fusion biopsy [31]. 
Navigation is the process by which the fusion 
biopsy system guides the operator with real-time 
imaging feedback to a specific lesion location for 
prospective placement of a biopsy needle. This is 
accomplished with utilization of a TRUS probe 
for real-time visualization and guidance toward a 
target pre-identified on MRI. Thus, a combina-
tion of tracking, navigation, and mapping allows 
for controlled and directed biopsies, accurate tar-
geting, and accumulation of location data for 
future use in follow-up.

 Biopsy Approach

Prostate biopsies are typically performed via a 
transrectal or transperineal approach, with tran-
srectal being the most frequently used technique 
in the USA. Common, but transient, complica-
tions of prostate biopsy include hematuria, hema-
tospermia, lower urinary tract symptoms (LUTS), 
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and pain [41]. With respect to post-biopsy, clini-
cal outcomes, of particular concern and impor-
tance, are rates of infection and infectious 
complications following a biopsy procedure. 
Despite antimicrobial prophylaxis, infectious 
complications are increasing over time and are 
the most common reason for hospitalization post- 
biopsy [41]. In recent years, there has been a 
noticeable rise in the rate of TRUS biopsy sepsis, 
thought to be due to increasing prevalence of 
multiresistant (particularly fluoroquinolone resis-
tance) causative bacteria in the rectal mucosa [42, 
43]. Given that during a TRUS biopsy, the needle 
directly traverses the rectal mucosa, an increased 
risk of introducing rectal flora into the urinary 
tract and/or bloodstream is likely. In one study in 
which transperineal biopsy was performed in 245 
patients, the rate of hospital readmission for 
infection was zero [44]. In a prospective, ran-
domized, and controlled trial in 339 patients 
comparing TRUS biopsy to transperineal (TP) 
biopsy, the CDRs were equivalent (35.3 % vs. 
31.9 %, p > 0.05). Importantly, the major compli-
cation rate was substantially lower in the TP 
biopsy group relative to the TRUS biopsy group 
(0.6 % vs. 4.3 %, p < 0.05). However, TP biopsy 
was more time-consuming (17.51 ± 3.33 min vs. 
14.73 ± 3.25 min, p < 0.05), more painful (visual 
analogue scale score, 4.0 vs. 2.0; p < 0.05), and 
more often required additional anesthesia (15.0 % 
vs 1.2 %, p < 0.05). Therefore, TP biopsy may be 
a viable option in patients who have a history of 
sepsis on prior prostate biopsies or those who are 
at increased risk of developing infections along 
with infectious complications. Urologists should 
become increasingly aware of this rise in infec-
tious complications post-biopsy and should con-
sider appropriate antibiotic prophylaxis in all 
cases [45].

 Commercial Systems

We devote the rest of this chapter to highlight the 
major fusion biopsy platforms currently available, 
including techniques, strengths, and weaknesses 
of each platform, as well as patient outcomes. It is 
important to note that these systems have and are 

continually evolving, with new features and 
applications constantly being added to adapt to 
various clinical scenarios and demands.

 Electromagnetic Tracking

The UroNav platform (Invivo Corp., Gainesville, 
Florida, USA), which developed through a col-
laborative effort between the National Institutes 
of Health and Philips/Invivo Healthcare, began 
clinical trials in 2004 and was cleared by the US 
Food and Drug Administration (FDA) in 2006. 
This system is designed to be versatile, as it can 
operate with several different ultrasound vendors 
(Philips, General Electric, and BK Ultrasound 
systems) and can interface with readily available 
MR imaging software (DynaCad, Invivo). The 
UroNav platform has evolved, now incorporating 
both mapping capability and elastic registration. 
Furthermore, software has been developed to 
allow for the transperineal biopsy approach and 
is currently being prospectively evaluated. In 
2015, the UroNav device was FDA cleared for 
guidance for focal therapy.

The workflow begins with the acquisition of 
mpMRI sequences (T2W imaging, DCE, and 
DWI) to identify suspicious lesions with the pros-
tate. The radiologist segments the prostate and 
marks locations of target lesions and sends the 
MR imaging data to the UroNav workstation (Fig. 
17.2). At the start of the procedure, the patient is 
placed in the left lateral decubitus position simi-
larly to standard TRUS biopsy position, and an 
electromagnetic field generator box (~1 ft by 1 ft) 
is stationed directly above the patient’s pelvis to 
allow for tracking of the TRUS probe in 3D space 
in real time. After attaching a sensor to the TRUS 
probe, the operator performs a “sweep” of the 
prostate in the axial plane from base to apex or 
apex to base. The sweep captures consecutive 
small slices of the prostate, which are then auto-
matically compounded by the software to gener-
ate a working 3D TRUS volume prostate model. 
The borders of this 3D prostate model are then 
semiautomatically segmented (with manual cor-
rections if necessary), followed by registration 
with MR imaging via rigid or elastic registration. 
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Manual adjustments can be made to the registra-
tion throughout the procedure to account for 
patient and/or prostate motion, as well as differing 
degrees of prostate deformation due to variation 
in TRUS probe pressure applied.

After completion of registration, the operator 
can then proceed with targeted biopsies of the 
prostate utilizing a freehand TRUS approach. 
The UroNav system displays targets as a “bulls-
eye” on the fused TRUS-MR image, which can 
appear side by side or overlaid on top of one 
another with a blending slider feature to adjust 
the relative transparencies of each image (Fig. 
17.3). Through tracking of the TRUS probe, the 
navigation software guides the operator to the 
planned biopsy trajectory for each target. The 
TRUS probe is maneuvered until the bullseye is 
aligned onto a TRUS needle guide displayed on 
the screen; this is followed by insertion of the 
needle tip to the proximal edge of the lesion and 
spring biopsy deployment across the target, both 
in the axial and sagittal planes [46]. Mapping 
functionality documents the exact location of 
each core, which can be stored for later use.

Since its inception in 2006, several studies 
have been undertaken to test the functionality, 

accuracy, and utility of the UroNav system in 
clinical practice. Xu et al. illustrated the accuracy 
of the system to be 2.4 ± 1.2 mm in phantom 
studies [47]. In a landmark study in 1003 patients 
by Siddiqui et al. comparing MR/ultrasound 
fusion-guided biopsy utilizing the UroNav plat-
form with standard 12-core TRUS biopsy, it was 
shown that targeted biopsy diagnosed 30 % more 
high-risk cancers vs. standard biopsy (173 vs. 
122 cases, p < 0.001) and 17 % fewer low-risk 
cancers (213 vs. 258 cases, p < 0.001). This find-
ing is highly critical, as a common critique of the 
standard systematic 12-core approach is that it 
tends to overdiagnose low-risk cancers, leading 
to unwarranted treatments, and underdiagnose 
high-risk cancers, resulting in lack of treatment 
and poor clinical outcomes. Furthermore, 
Rastinehad et al. illustrated in a propensity 
 score- matched cohort (matched on age, PSA, 
MRI suspicion score, and prior negative biopsies) 
that improved detection of clinically significant 
cancer with mpMRI and fusion biopsy is repro-
ducible across institutions [48]. In addition to this 
work, electromagnetic needle tracking capability 
has been validated by showing the software can 
accurately document the location of prior biop-

Fig. 17.2 UroNav screen capture of imported T2-weighted images demonstrating MR prostate segmentation and 
region of interest for targeted biopsy
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sies, as well as direct subsequent biopsies to spe-
cific sites within the prostate [49].

Virtual Navigator (Esaote, Genoa, Italy) and 
Real-time Virtual Sonography (RVS) (Hitachi, 
Tokyo, Japan) are fusion platforms that were 
originally designed for percutaneous interven-
tional guidance procedures and thereby had capa-
bilities to fuse real-time TRUS with many 
different imaging modalities, such as computed 
tomography (CT), positron emission tomography 
(PET), or MRI [50–53]. The use of these systems 
in prostate biopsy has only recently been 
explored. The functionality is very similar to 
other fusion platforms, in which real-time TRUS 
imaging is fused with prior MR imaging via rigid 
registration. Both platforms employ electromag-
netic tracking systems as well as freehand TRUS 
biopsy approach. Virtual Navigator primarily 
employs a transrectal biopsy approach, whereas 
RVS has capabilities for both transrectal and 
transperineal biopsies.

Studies with these systems with respect to 
prostate biopsy are limited. Puech et al. published 
results with the Virtual Navigator platform and 
found significant differences in overall cancer 
detection rate in favor of targeted biopsy over sys-

tematic biopsy (69 % vs. 59 %, p = 0.033), as well 
as higher detection of clinically significant pros-
tate cancer (67 % vs. 52 %, p = 0.0011) [7]. 
However, these results must be interpreted cau-
tiously as evaluation of targeted-core CDRs 
included results from combination of both cogni-
tive targeting and targeting with the Virtual 
Navigator platform. A report using the Virtual 
Navigator platform in 78/131 (59.5 %) patients 
with a suspicious area found on MRI found this 
system to produce a significantly higher CDR 
relative to systematic 10–12-core biopsy 
(p = 0.0065) [8]. Targeted biopsy with this plat-
form detected an additional 9 % (7/78) of patients 
missed by random biopsy with Gleason score >6, 
while random biopsy detected an additional 18 % 
(14/78) of low-risk patients with Gleason 6 dis-
ease. Miyagawa et al. evaluated transperineal 
biopsy with Real-time Virtual Sonography (RVS) 
in 85 patients with prior negative random biopsy 
and suspicious lesions found on MRI; overall, 
prostate cancer was detected in 52 patients (61 %), 
of which 87 % (45/52) were found via RVS-
directed targeted cores [54]. On a per-core analy-
sis, targeted cores with the RVS platform detected 
significantly more cancer than conventional 

Fig. 17.3 UroNav screen capture demonstrating co-display of real-time TRUS and MR after registration. Bullseye 
demonstrates centroid point of a left peripheral zone lesion
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TRUS biopsy (32 % [62/192 cores] vs. 9 % 
[75/833 cores], p < 0.01).

 Mechanical Position Encoders

The Artemis fusion biopsy platform (Eigen, 
Grass Valley, California, USA) was FDA 
approved in 2007, with patient recruitment and 
clinical trials beginning in 2009 at the University 
of California, Los Angeles (UCLA). As men-
tioned earlier, the Artemis device differs from the 
others in that it utilizes a robot-like self- 
articulating mechanical arm to sweep the prostate 
and perform targeted biopsies [3]. In this system, 
the needle and probe positions are tracked in 3D 
space with angle-sensing encoders built into each 
joint of the arm. Similar to other platforms, a 
high-quality MRI with T2W, DWI, and DCE 
sequences is obtained prior to biopsy to identify 
suspicious lesions within the prostate. Image reg-
istration is carried out by the Artemis software 
via elastic transformation algorithms. After 
image registration, navigation software guides 
the operator to the planned targets. The mechani-
cal arm allows for 4 degrees of freedom, with 
biopsy limited by rotation of the arm along a 
fixed axis [55] (Fig. 17.4). Therefore, the learn-
ing curve with this system is more involved as 
users have to become acclimated to the software 
as well as TRUS biopsy using manual rotation of 
the mechanical arm as opposed to the freehand 
techniques commonly utilized by urologists dur-
ing general TRUS biopsy.

Several studies have been carried out to test 
accuracy and utility of prostate biopsy with the 
Artemis system. Initial work showed a 33 % 
biopsy positive rate when suspicious lesions were 
targeted compared to a 7 % positivity rate for sys-
tematic nontargeted biopsy (19/57 cores vs. 
9/124 cores, p = 0.03) [39]. MR fusion with sub-
sequent targeted biopsy only added an additional 
5 min on average to the overall biopsy procedural 
time. While testing the utility of the tracking 
mechanism, it was demonstrated that the Artemis 
system could return to prior biopsy sites within 
1.2 ± 1.1 mm accuracy, which was independent 
of prostate volume or location of biopsy site. In a 

study with the Artemis system in 105 men with 
prior negative biopsy and elevated PSA, 21/23 
men (91 %) with cancer detected on targeted 
biopsy had clinically significant cancer compared 
to 15 of 28 (54 %) with systematic biopsy; there-
fore, fusion biopsy yielded higher rates of clini-
cally significant cancer [24]. The ability to 
eliminate mechanical error (e.g., hand unsteadi-
ness during firing of the probe) is a unique and 
potential advantage of this robotic platform and 
may very well lead to higher accuracy while per-
forming targeted prostate biopsy.

The BiopSee platform (Pi Medical, Athens, 
Greece) is similar to Artemis, yet utilizes a 
custom- made mechanical stepper fixed to the 
operating table to manipulate the TRUS probe as 
opposed to a self-articulating mechanical arm. 
Probe and needle motion are tracked via two 
built-in encoders; these encoders track motion of 
the probe in two dimensions: depth in/out and 
rotation. The workflow of this platform is very 
similar to many of the other platforms: pre- 
procedural MRI is obtained, and biopsy proce-
dure consists of performing a sweep of the 
prostate with the TRUS probe from cranial to 
caudal, registering MRI data with real-time 
TRUS data via rigid registration, and carrying out 
targeted biopsies of specific regions within the 
prostate considered suspicious on MRI. Uniquely, 
this system is only equipped to perform biopsies 
via the transperineal route, in which biopsy nee-
dles are guided through a grid mounted to the 
mechanical stepper; however, ultrasound image 
guidance is still performed transrectally. As a 
potential limitation to this platform, users must 
familiarize themselves with not only the software 
but also the mechanics in handling the TRUS 
probe along fixed degrees of movement and rota-
tion while simultaneously trying to align the nee-
dle with the virtual needle guide on the screen.

Most of the work with this system has been 
undertaken by Hadaschik et al. in Heidelberg, 
Germany. In an initial study with 106 men, the 
CDR was 59.4 % (63/106 patients), and MRI cor-
related positively with histopathology in 71 of 
103 patients (68.9 %) [38]. On a per-core analy-
sis, lesion-targeted cores had a significantly 
higher positivity rate than nontargeted cores 
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(101/410 [24.6 %] vs. 179/2051 [8.7 %], 
p < 0.0001). Lastly, the group reported an  average 
procedural targeting error of 1.7 ± 1.7 mm for the 
first 2461 biopsy cores taken (comparing the vir-
tually planned biopsy trajectory with the manu-
ally documented 3D needle positon of each biopsy 
core). Further work showed targeted biopsy CDRs 
of 82.6 % (86/104), 67 % (11/149), and 15 % 
(14/94) for patients with highly suspicious, ques-
tionably suspicious, and non- suspicious lesions 

detected on multiparametric 3 Tesla MRI, respec-
tively [56]. On a core-by- core analysis, targeted 
cores detected significantly more cancer than sys-
tematic biopsies (386/1281 [30 %] vs. 523/6326 
[8.2 %], p < 0.01). While initial work is promis-
ing, additional studies with this system are 
required to fully validate its accuracy and utility 
in clinical practice.

The BioJet platform (BK Ultrasound, 
Peabody, Massachusetts, USA; DK Technologies, 

Fig. 17.4 (a) Artemis platform. The patient is placed in 
the lateral decubitus position. The US probe held securely 
by the robotic arm is placed transrectally to image the 
prostate. The needle biopsy guide is projected onto the US 
image to illustrate needle trajectory. The red markings 
assist in planning needle depth positioning and project the 

core sample to be taken. (Reprinted with permission from 
Eigen, Grass Valley, California, USA). (b) Artemis co- 
display of TRUS and T2W MRI of right peripheral zone 
lesion. Three-dimensional reconstruction demonstrates the 
acquired core location in the 3D volume. (Reprinted with 
permission from Eigen, Grass Valley, California, USA)
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Barum, Germany), similar to Artemis, employs 
the use of a mechanical arm with angle-sensing 
encoders for tracking of the TRUS probe. 
Targeted biopsy can be performed via the tran-
srectal or transperineal routes; however, the sys-
tem is currently equipped with only rigid 
registration algorithms [57]. In a small proof-of- 
concept study consisting of 20 patients, Shoji 
et al. found an overall CDR of 70 % (14/20); the 
CDR was significantly higher for targeted biopsy 

cores utilizing the BioJet system relative to sys-
tematic biopsy (31.8 % vs. 6.7 %, p < 0.0001) 
[57]. However, the authors of the study pointed 
out that the shapes of the prostate contour on 
MRI and TRUS were pointedly different and 
contours had to be fused manually with several 
adjustments. In a study examining 72 total lesions 
in 39 men, one report found strong agreement 
between cancer detection via the BioJet platform 
and higher global Prostate Imaging Reporting 

Fig. 17.4 (continued)
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and Data System (PI-RADS) score for the domi-
nant lesion found on mpMRI (positive cancer: 
4.0 ± 1.3 vs. negative cancer: 2.6 ± 0.8, 
p < 0.0006) [58]. Using a global PI-RADS score 
cutoff ≥4, a sensitivity of 85 %, specificity of 
82 %, and negative predictive value of 92 % were 
achieved. However, in a recent study in a pro-
spective paired cohort of 50 patients with visible 
targets on MRI, Valerio et al. found similar CDRs 
on a per-patient level between cognitive fusion 
biopsy, directed targeted biopsies with the BioJet 
platform, and systematic transperineal template 
mapping biopsy (32 patients, 64 %; 34 patients, 
68 %; and 38 patients, 76 %, respectively, 
p > 0.05) [59]. At a patient level, BioJet-based 
targeted biopsy did find more clinically signifi-
cant disease relative to visually directed (cogni-
tive) targeted biopsy, but this increased yield was 
not statistically significant (22 % vs. 14 %, 
p = 0.48). Therefore, more high-powered studies 
may be necessary to demonstrate significant dif-
ferences in detection of clinically significant can-
cer with the BioJet platform relative to other 
biopsy methods.

 Image-Based Tracking

The Urostation platform (Koelis, Grenoble, 
France), widely utilized across clinical centers in 
Europe, is an interesting platform in that tracking 
of the TRUS probe and needles is conducted with 
TRUS-TRUS registration. Thus, additional hard-
ware such as an electromagnetic field generator or 
robotic arms is not necessary. The process begins 
with acquisition of prostate MRI as in other fusion 
platforms. At time of biopsy procedure, a 3D pan-
orama TRUS volume is obtained via sweep of the 
prostate, and this model is fused to pre-procedural 
MRI data using elastic registration. Then, after 
each biopsy core is taken, a 3D TRUS image is 
acquired with the needle in place and registered to 
the original sweep TRUS volume to confirm 
proper needle placement. Similar to UroNav, this 
platform is advantageous as the biopsies are per-
formed utilizing a standard freehand approach. 
However, one important drawback is that needles 
must be held in place without movement for 3–5 s 

to allow for 3D TRUS acquisition in order to 
acquire an accurate needle location. As technol-
ogy improves, real-time 3D US image acquisition 
may make the process seamless.

Initial studies with phantom models con-
ducted by Ukimura et al. at the University of 
Southern California (USC) in Los Angeles, 
California, USA, demonstrated an accuracy of 
84 % (24/27 lesions hit) with this platform and a 
mean procedural targeting error of 2.09 ± 1.28 mm 
[40]. In a study of 80 patients with 115 MRI sus-
picious lesions, the hit rate for the Urostation 
platform was 97 % (112/115 lesions with con-
firmed biopsy inside target), and 60/115 (52 %) 
targets were positive for cancer [60]. Mozer 
et al., in a prospective study utilizing the 
Urostation platform in 152 biopsy-naïve men, 
found that the proportion of positive cores and 
proportion of men with clinically significant 
prostate cancer were significantly higher with the 
targeted-core protocol relative to a systematic 
12-core protocol (p < 0.001 and p = 0.03, respec-
tively). Therefore, initial work with this platform 
seems promising.

 Discussion

MR/TRUS fusion technology has revolutionized 
the way we visualize, diagnose, and manage 
prostate cancer. To this day, the prostate remains 
the only solid-organ malignancy that is biopsied 
“blindly.” The current standard of care is to direct 
10–12 cores to various regions within the pros-
tate, with the hope of identifying cancer, if pres-
ent. Though systematic in fashion, the biopsies 
are in essence random as they are not directed 
toward specific targets within the prostate. 
Previously, imaging for prostate cancer has been 
a challenge due to its deep location within the 
pelvis, the complexity of prostatic zonal anat-
omy, and its multifocal nature. However, major 
strides in mpMRI capabilities over the last sev-
eral years have allowed for precise characteriza-
tion of cancerous lesions within the prostate; 
when this valuable information is integrated into 
fusion platforms, it allows the operator to per-
form targeted biopsies with high accuracy in the 
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specific location(s) in which there are image- 
identified lesions. Furthermore, this information 
can be stored and utilized in the future for various 
purposes, such as re-targeting the exact same 
location or planning focal therapy. Thus, fusion 
technology sheds light on the prostate and allows 
urologists to actually “see” malignancy with 
greater confidence, as opposed to grasping for 
cancer in the dark.

Software-based MRI/TRUS fusion-targeted 
biopsy, in general, detects more clinically signifi-
cant cancers with fewer cores than standard 
biopsy [61–64]. A major criticism of systematic 
biopsy is the tendency to indiscriminately iden-
tify more clinically insignificant, low-risk can-
cers and less clinically relevant high-risk cancers. 
Therefore, targeted fusion biopsy may allow for 
more accurate risk stratification and subsequent 
treatment. Additionally, the clinical utility of 
fusion technology in various scenarios is appar-
ent, such as in patients with history of prior nega-
tive TRUS biopsies yet continued prostate cancer 
suspicion, monitoring of patients on active sur-
veillance, and targeting of lesions in areas of the 
prostate that are traditionally missed via system-
atic biopsy. Nevertheless, additional studies are 
warranted to further define the specific patient 
population that benefits the most from fusion 
biopsy [65].

Despite substantial progress in such a short 
time, there are many questions that still remain 
unanswered. At this time, most who have inte-
grated fusion platforms into their practice per-
form systematic biopsy in addition to targeted 
biopsy. This is done, in part, to compare the two 
forms of biopsy head-to-head in the same patient, 
yet also because there still remain a small propor-
tion of patients in which systematic biopsy 
reveals clinically significant disease missed by 
targeted fusion biopsy. Therefore, it is yet to be 
determined if targeted biopsy can be used alone 
primarily, or as an adjunctive strategy with sys-
tematic biopsy [26].

With respect to the available platforms, initial 
evidence suggests they offer clinical utility in one 
form or the other. However, there has been a pau-
city of clinical trials comparing the different plat-
forms head-to-head. Retrospective analyses 

comparing the outcomes with each platform are 
quite difficult, as definitions, clinical parameters, 
workflow, and technique vary tremendously from 
institution to institution and study to study (for 
instance, variations in patient populations, 
mpMRI acquisition, MR imaging interpretation, 
fusion biopsy technique, definition of clinically 
significant cancer, etc.) [66].

 Conclusion

Perhaps the most important question is how novel 
fusion technologies can be further integrated into 
mainstream urological practice. Due to proven 
success, the use of these commercially available 
fusion biopsy platforms seems to have taken off 
substantially in the last several years both in the 
USA and abroad. However, it is yet to be deter-
mined exactly what role fusion biopsy will play 
in the future. This office-based procedure 
empowers the urologist to specifically target 
lesions in the prostate; however, the entire pro-
cess, from MR imaging interpretation to registra-
tion of a 3D ultrasound with MRI to accurate 
targeting of a “bullseye” displayed on the screen, 
requires several unique skillsets and a multidisci-
plinary team [67]. Though it remains to be seen 
whether this technology provides a favorable 
cost/benefit ratio, changes in the prostate cancer 
screening paradigm have forced clinicians to be 
more judicious in their approach to patient selec-
tion for biopsy. Improvements in imaging have 
facilitated this, and fusion technology will help 
integrate imaging findings to improve cancer 
diagnosis.
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 Introduction

Multiparametric magnetic resonance imaging 
(mpMRI) is quickly becoming the new “gold 
standard” to improve prostate cancer detection 
and to guide focal therapy. Combined with a tar-
geted biopsy approach, it is beginning to replace 
transrectal ultrasound (TRUS)-guided prostate 
biopsy, which was introduced almost 30 years 
ago and had been the favored technique for the 
urologic community to diagnose prostate cancer [1]. 
Prostate-specific antigen (PSA) testing was also 
introduced almost simultaneously with the TRUS 
biopsy. PSA and TRUS biopsy combined with 
intense screening efforts tripled the detection rate 

of the disease and identified the majority of 
 palpable and locally advanced prostate cancer 
lesions. In 1994 the Prostate Cancer Education 
Council (PCEC) reported the results of Prostate 
Cancer Awareness Week (PCAW) 1989–1992 
[2]. A total of 14,900 men participated in the 
screening study in 1989, 150,000 in 1990, 
400,000 in 1991, and >500,000 in 1992. The can-
cer detection rate by PSA rose from 4.98 % to 
10 % in the first 2 years of the study and then fell 
to 6.48 % and 3.57 % for 1991 and 1992, respec-
tively. Brawer reported a similar decrease from 
2.6 % in year 1 to 2.0 % in year 2 and 1.8 % in 
year 3 [3]. The American Cancer Society (ACS) 
screening project also noted a decrease from 
5.4 % to 1.0 % from the first to the third year of 
screening [4]. These efforts have resulted in a 
decrease of men presenting with an elevated PSA 
and a concomitant decrease in the volume of dis-
ease in the prostate. Today, most patients present 
with non-palpable disease (T1c).

When TRUS prostate biopsy was introduced, 
most prostate cancers were large and detectable 
by both digital rectal exam (DRE) and ultra-
sound. In addition, a positive diagnosis was read-
ily available because these lesions were mostly 
peripheral and easily targeted by puncture 
through the anterior rectal wall. Over time, 
peripheral lesions have become smaller and more 
difficult to detect by TRUS and have in part been 
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overshadowed by anterior lesions. Anteriorly 
located prostate cancer is not ideally suited for 
TRUS biopsy.

The decreasing volume of the lesions has also 
been associated with an increased interest in only 
treating the disease confined to the gland (pT2). 
A treatment methodology similar to that used for 
small-volume breast cancer, in essence the “male 
lumpectomy,” has been proposed by Onik [5]. 
However, unlike breast cancer, where the solitary 
lesion is easily imaged, prostate cancer presents 
with small, mostly ultrasound-invisible multifo-
cal disease [6]. The inability to image and detect 
all prostate cancers within the gland has gener-
ated interest in finding different imaging tech-
nologies and limiting detection and treatment to 
only the potentially lethal prostate cancers, thus 
the interest in multiparametric magnetic reso-
nance imaging (mpMRI), which can reliably 
detect the larger and higher-grade prostate can-
cer, often termed the “index lesions.” MRI- 
detected index lesions have also created interest 
in using focal ablative technologies to only treat 
these lesions as opposed to prostatectomy or 
whole-gland irradiation.

This chapter will make the argument that this 
approach may not be the best way to find and 
focally ablate isolated prostate cancer lesions. 
Multiparametric MRI, while an advance in pros-
tate cancer detection compared to the “semi- 
blind” 12-core TRUS biopsy, is not ready to 
replace TRUS biopsy. We will review transperi-
neal mapping biopsy (TPMB), which is a supe-
rior method to identify and select lesions for 
targeted focal therapy (TFT) because it improves 
intraprostatic staging. New technology, which 
corrects some of the deficiencies of the current 
TPMB technique, will also be discussed.

 Multiparametric Magnetic 
Resonance Imaging and 12-Core 
Systematic Prostate Biopsy

The enhanced detection rate of clinically signifi-
cant prostate cancer by mpMRI-targeted biopsy 
compared to the systematic 12-core technique is 
an accepted fact. Unfortunately, it is also now 

recognized that MRI alone does not have the nec-
essary sensitivity, requiring most centers to add 
12-core systematic biopsy after performing the 
targeted biopsy. Mendhiratta et al. compared tar-
geted mpMRI biopsy with the additional 12-core 
systematic biopsy in 452 men undergoing pros-
tate cancer detection [7]. Systematic biopsy 
detected more prostate cancer than the targeted 
biopsy (49.2 % vs. 43.5 %, p = 0.006). However 
MRI did have the advantage in detecting more 
Gleason score (GS) 7 lesions than did the 12-core 
procedure (88.6 % vs. 77.3 %, p = 0.037). Nassiri 
and others recently reported the experience from 
the University of California, Los Angeles 
(UCLA), in more than 1200 targeted biopsies and 
noted that 15–30 % of “potentially important 
prostate cancers” are MRI invisible [8, 9].

Several review studies have been published 
evaluating the utility of mpMRI in detecting sig-
nificant prostate cancer. Fütterer et al. evaluated 
12 articles using prostatectomy data as the refer-
ence standard [10]. The negative predictive 
value for the exclusion of clinically significant 
disease ranged from 63 to 98 %. Part of the dif-
ficulty is analyzing data from different institu-
tions is the lack of a common definition of 
significant disease. These included maximum 
cancer core length, grade at biopsy, number of 
positive cores, and PSA.

Wysock investigated the use of 12-core biopsy 
in men with negative 3 T mpMRI [11]. In the 75 
men studied, the negative predictive value (NPV) 
for all cancers was 82 % and for GS >7 was 98 %. 
While this study might provide some reassurance 
that a negative mpMRI does not require biopsy 
confirmation of lack of significant disease, it 
should be recognized that the confirmation in the 
Wysock study relied on the same technology that 
is being replaced by MRI: the 12-core semi-blind 
procured from the 1980s. To overcome this limi-
tation, several centers have compared the MRI- 
detected lesions to prostatectomy specimens. Le 
et al. investigated 122 men who had mpMRI with 
prostate cancer detected and compared them to 
whole-mount histopathology [12]. Overall 
mpMRI sensitivity for tumor detection was 47 % 
(132/283) with increased sensitivity for larger 
(102/141 [72 %] >1.0 cm) and higher-grade 
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(96/134 [72 %] Gleason >7) and index tumors 
(98/122 [80 %]). One of the limitations in this 
study was that visual concordance was used by 
the uroradiologist and genitourinary pathologist 
to determine agreement between the MRI and 
prostatectomy specimens. The lack of digital co- 
registration adds additional error into their esti-
mates of concordance.

Vargas et al. used the Prostate Imaging 
Reporting and Data System (PI-RADS) v2 for 
detection of clinically significant prostate cancer 
and compared the results in 150 prostatectomy 
specimens [13]. In this study the whole-mount 
specimens were digitized, but no information 
was provided about whether the images were co- 
registered to the MR images. PI-RADS correctly 
identified high-grade tumors >0.5 mL 94–95 % 
of the time. For lesions smaller than 0.5 mL, it 
was only successful in 20–26 %. It is important to 
recognize a lesion with a volume of 0.5 mL had a 
linear dimension of 8 mm in three planes (assum-
ing a sphere). Missing high-grade lesions of this 
size in more than three-quarters of men who may 
be harboring them is worrisome.

 Transperineal Prostate Mapping 
Biopsy

It is interesting to note that both the ultrasound- 
guided TRUS biopsy and TPMB were described in 
1987 [14]. TPMB has emerged as an alternative to 
TRUS biopsy, but due to lack of proper instrumen-
tation, the need for anesthesia other than local has 
stymied its development. Nonetheless, many inves-
tigators have published their results and compared 
them to TRUS and targeted MRI biopsy results and 
to prostatectomy specimens. Symons et al. per-
formed TPMB on 409 men and found prostate can-
cer in 208 (50.9 %) of which 75 % were GS >7 
[15]. In a study of 431 radical prostatectomy (RP) 
specimens, of which prostate cancer was diagnosed 
by TRUS (283) or TPMB (184), those men who 
had the latter were more likely to be assigned the 
actual clinical risk category [16]. Serrao et al. per-
formed transperineal-targeted MRI biopsy fol-
lowed by 24–36 sectoral mapping biopsies [17]. 
MRI-positive scans (mean 1.57 lesions/patient, 

median 2) had positive pathology in 75 %. Of the 
220 positive biopsies, 46 (20.9 %) were in areas 
determined falsely negative on MRI.

Sivaraman et al. investigated the use of TPMB 
in men with negative mpMRI [18]; 27/75 (36 %) 
had prostate cancer. The detection of clinically 
significant cancer (depending on the definition) 
ranged from 22.7 to 30.7 %. Toner performed a 
MEDLINE and PubMed database search com-
paring mpMRI with RP or TPMB histology [19]. 
The analysis found that compared with RP and 
TPMB specimens, the sensitivity of mpMRI for 
prostate cancer detection was 80–90 % and the 
specificity for suspicious lesions is between 50 % 
and 90 %.

While it is clear that TPMB is superior to 
TRUS and perhaps targeted mpMRI biopsy, it is 
not without challenges. There is no standardized 
protocol on how many biopsies to obtain. While 
most agree that the 5 mm external template 
should be used, how thoroughly to sample the 
gland remains undefined. Pham et al. performed 
an investigation using two TPMB approaches 
[20]. The biopsy technique was based on a 
24-core template with 12 anterior and 12 poste-
rior cores or a template based on gland volume 
with 1 core per cc (median 62 cores). No signifi-
cant difference was noted in upgrading or com-
plications between the two techniques. Valerio 
et al. utilized different mapping zones when per-
forming a 20-core TPMB approach. Strategy 1 
involved excluding the anterior areas of the pros-
tate representing the transition area, but not the 
anterior horns, which were sampled within the 
lateral zones. Strategy 2 and strategy 3 involved a 
reduced sampling density from 5 to 10 mm by 
omitting intervening areas. Strategies 1, 2, and 3 
had sensitivities of 78 % (95 % confidence inter-
val [CI] 73–84 %), 85 % (95 % CI 80–90 %), and 
84 % (95 % CI 79–89 %), respectively. The NPVs 
of the three strategies were 73 % (95 % CI 
67–80 %), 80 % (95 % CI 74–86 %), and 79 % 
(95 % CI 72–84 %), respectively. The authors 
stated that altering the TPMB sampling strategy 
by preferential sampling of certain locations or 
reducing the sampling density led to significant 
reductions in the ability of the test to exclude 
clinically significant cancers.
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 Focal Therapy Considerations 
Associated with Magnetic 
Resonance Imaging-Detected 
Lesions

The data presented herein has made it clear that 
the clinician cannot rely on MRI to exclude sig-
nificant disease or to exclude disease in regions of 
the prostate not identified as regions of interest 
(ROI) for biopsy. However, even when an ROI is 
found to contain prostate cancer and targeted 
focal therapy is considered, how reliable is the 
MRI in demarcating the volume to be ablated? 
Cornud et al. evaluated 84 consecutive patients 
who underwent mpMRI before radical prostatec-
tomy [21]. The volume of each suspicious area 
detected on magnetic resonance imaging and of 
all surgical histological foci was determined by 
planimetry. Histology revealed 99 significant 
tumors with a volume of greater than 0.2 cc and/
or a Gleason score of greater than six. Of the 
tumors, 16 (16.2 %) were undetected by 
mpMRI. Linear regression analysis showed that 
tumor volume estimated by T2-weighted or 
diffusion- weighted imaging correlated signifi-
cantly with pathological volume (r2 = 0.82 and 
0.83, respectively). Nevertheless, diffusion- 
weighted imaging underestimated pathological 
volume in 43 of 87 cases (49 %) by a mean of 
0.56 cc (range 0.005–2.84). Multiparametric and 
target volumes significantly overestimated patho-
logical volume by a mean of 16 % and 44 %, with 
underestimation in 28 (32 %) and 15 cases (17 %), 
respectively. Volume underestimation was signifi-
cantly higher for tumor foci less than 0.5 cc.

Failure to identify all significant lesions, 
incorrect estimation of tumor size, and inability 
of creating a sufficiently accurate treatment map 
are some of the reasons focal prostate ablation 
remains an investigational exercise. Other issues 
also compromise the successful introduction of a 
focal ablation program. While mpMRI can iden-
tify larger high-grade disease with high sensitiv-
ity, its ability to find GS 6 cancer is very limited. 
The elimination from consideration of identify-
ing and potentially treating these lesions could 
compromise any focal therapy program. Haffner 
et al. used whole-genome sequencing and molec-

ular pathological analyses to characterize the 
lethal cell clone in a patient who died of prostate 
cancer [22]. The lethal clone arose from a small, 
relatively low-grade cancer focus in the primary 
tumor, and not from the bulk, higher-grade pri-
mary cancer or from a lymph node metastasis 
resected at prostatectomy. In an opposing view 
editorial, Gonzalgo summarized many of the 
concerns surrounding focal therapy for prostate 
cancer. Treating only the index lesion may com-
promise cancer control because of inadequate 
treatment of potentially lethal disease [23]. 
There is significant interfocal tumor heterogene-
ity in prostate cancer and, from a molecular 
standpoint, metastasis may arise from secondary 
tumor foci. To date, there remains no good scien-
tific evidence to support the fundamental basis of 
the index lesion theory. In fact, recent data sug-
gest that more aggressive and potentially lethal 
disease can be found outside of the index lesion 
[24]. These and other concerns prompted the US 
Food and Drug Administration (FDA) to hold a 
workshop at the 2015 American Urological 
Association (AUA), which culminated in a pub-
lication in 2016 stating: “The general consensus 
was that currently available technologies are 
capable of selective ablation with reasonable 
accuracy, but that criteria for patient selection 
remain debatable, and long term cancer control 
remains to be established in properly designed 
and well-performed prospective clinical trials. 
Concerns include the potential for excessive, 
unnecessary use in patients with low risk cancer 
and, conversely, that current diagnostic tech-
niques may underestimate the extent and aggres-
siveness of some cancers, leading to inadequate 
treatment” [25].

 The 3D Biopsy Approach

After nearly three decades of performing TRUS- 
guided biopsy, the diagnosis and treatment of 
prostate cancer has become very challenging. 
TRUS-guided biopsies identify many cancers 
that do not need to be treated while missing 
potentially lethal disease. Men who go on active 
surveillance are not appropriate candidates 
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because they were incorrectly identified as low 
risk based on the TRUS biopsy results. In order 
to improve the thorough sampling, Crawford 
described the use of computer simulation to map 
prostate transperineal biopsies [26]. This innova-
tive approach could record lesion location but 
was limited because biopsy sites were annotated 
off-line. Stone, working with interactive soft-
ware, developed a real-time computer-simulated 
prostate brachytherapy program [27]. 3DBiopsy, 
Inc., was formed in 2012 with the intention of 
refining the TPMB technique so its biopsy plan 
accurately finds all the disease within the pros-
tate. The clinician would then decide what ther-
apy is most appropriate and, in the case of focal 
therapy, which lesions (some or all) would need 
to be treated. In men with truly very-low-risk 
prostate cancer, active surveillance would 
become accurate surveillance as future biopsies, 
and frequent PSA testing could be eliminated.

In order to accomplish this goal, several com-
ponents needed to be changed. First is a require-
ment that a biopsy plan needs to be created that 

had a high probability of sampling all lesions 
within the gland, regardless of Gleason score. 
Kepner discussed an approach to distributing 
transperineal prostate biopsy cores that yields 
data on the volume of a tumor that might be pres-
ent when the biopsy is negative [28]. If the biopsy 
sites are parallel and spaced 5 mm apart and a 
15-gauge biopsy needle is used, then the theoreti-
cal probability of encountering a lesion of 2.5 mm 
radius is 98 % (Fig. 18.1).

In order to put this approach into practice, 
three devices needed to be developed: First, a 
software program that generates a biopsy plan 
based on a reconstructed three-dimensional 
(3D) model of the prostate generated from the 
transrectal ultrasound images. Second, a vari-
able biopsy needle apparatus that samples the 
prostate from apex to base as one core. And 
third, a pathology carrier system where the phy-
sician places the specimen after biopsy that pre-
serves the integrity of the core and allows the 
pathologist to render a diagnosis that included 
location and length of cancer on the specimen. 

Fig. 18.1 The blue line represents 5 mm grid spacing utilizing a 15-gauge biopsy needle taking parallel cores as one 
specimen from apex to base
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The results of these three are then integrated 
into a precise 3D model of the prostate and the 
areas of cancer.

 3DBiopsy Digital Image-Guided 
Software

The requirements of the software are:

 1. Generate 3D reconstruction of the prostate, 
seminal vesicles, bladder, urethra, and rectum 
from live ultrasound transverse images 
obtained in the operating room at time of 
biopsy (TPMB method).

 2. Generate a biopsy plan specific to parameters 
set by user:
 (a) Distance from capsule and urethra
 (b) Size of biopsy needle
 (c) Full-length core or multiple in-line 

specimens
 (d) Virtual needle movement to align to actual 

biopsy needle in axial and sagittal planes
 (e) Probability score (necessary to make 

decisions to add or remove virtual needles 
as a result of needle and gland motion)

 3. At the end of the biopsy procedure, generate a 
3D record.

 4. After pathology report, upload sites and loca-
tions of lesions and display in 3D (for patient 
and record).

 5. Utilize 3D file to provide roadmap for focal 
therapy (output file in DICOM for treatment 
planning).

 6. Incorporate MR images for targeted ROI 
biopsies.

Based on these requirements, a software pro-
gram was designed utilizing prostate phantoms 
and a brachytherapy ultrasound setup (Fig. 18.2).

Each 5 mm axial US image of the prostate is 
segmented and the biopsy plan generated. When 
the biopsy needle passes through the template 
and enters the prostate, the virtual needle needs 
to move to match the actual needle. This maneu-
ver aligns the needle in the axial plane. The 
inserted needle may reside up to one millimeter 
away from the virtual needle. There is no need to 
reinsert the needle (Fig. 18.3).

Figure 18.3 shows the biopsy-generated plan on 
prostate phantom. The prostate, urethra, and rectum 
have been contoured. The pointer is on needle #1, 
which is dragged to overlie the inserted needle.

Imaging is switched to sagittal and the two 
needles are lined up in this plane (Fig. 18.4).

The pathology report is returned to the urolo-
gist highlighting the positive cores with the 
Gleason sum. Each positive site is entered into 
the patient’s file (Fig. 18.5).

The beta version of the 3DBiopsy software 
was completed at the end of 2014 and tested. To 
date 61 cases have been performed; 35/61 

Fig. 18.2 Phantom setup for 
software design
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Fig. 18.3 Biopsy-generated plan on prostate phantom. The prostate, urethra, and rectum have been contoured. The 
pointer is on needle #1, which is dragged to overlie inserted needle

Fig. 18.4 Needle #1 in sagittal plane. Note that the dia-
logue box contains information on needle coordinates as 
well as needle length. The yellow virtual needle specimen 
length is 2.5 cm (not possible with current biopsy needle 

technology). As it appears too short to cover the entire 
length of the gland (apex to base), the user can add addi-
tional millimeters to specimen in the dialogue box so the 
core will span the full length of the gland
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(57.3 %) had prior TRUS biopsy of which 23 
were positive for one or two core minimal GS 6 
or 7 disease. The purpose of the mapping biopsy 
was to perform intraprostatic staging for treat-
ment selection. Of the 61 patients, 37 (60.7 %) 
were positive for prostate cancer with GS 6, 7, 8, 
and 9 in 12 (32.4 %), 22 (59.5 %), 1 (2.7 %), and 
2 (5.4 %), respectively. There was a median 49.5 
biopsies taken with a median of four positive 
cores (mean 5.8, range 1–23). Based on the 
3DBiopsy results, treatment selection was accu-
rate surveillance in 2 (5.4 %), radical prostatec-
tomy in 7 (18.8 %), radiation therapy in 16 
(43.2 %), targeted focal therapy in 10 (27 %), 
and undecided in 2 (5.4 %). The RP patients had 
a median of ten cores positive on 3DBiopsy, and 
the surgical specimens had GS 7 in 6 and GS 8 in 
1; bilateral disease in 85.7 %; perineural inva-
sion in 85.7 %; stage pT2b in 1, pT2c in 4, and 
pT3 in 2; and positive margins in 57.1 %. In con-
trast, of the ten men who had TFT with cryoabla-
tion, the number of positive cores was a median 

of three, GS was 6 or 7 in 5 each, and disease 
was bilateral in 6 (60 %). The 3DBiopsy file for 
the TFT patients provided the roadmap when 
performing the highly selective ablation in these 
ten patients even when bilateral disease was 
present. This initial study demonstrates the abil-
ity of a software- based TPMB program to 
improve patient treatment choice and guide focal 
ablation.

 Improved Transperineal Mapping 
Biopsy Devices

The biopsy needle and actuator (gun) being used 
for TRUS biopsy (targeted or systematic) is the 
same one used for TPMB (including the afore-
mentioned study). This needle, developed 
30 years ago, is no longer appropriate for prostate 
biopsy, regardless of the approach. A properly 
designed biopsy needle would have no minimal 
deflection (entry and end points are in the same 

Fig. 18.5 Three-dimensional (3D) reconstruction with 
pathology entered at biopsy site 5. The GS 7 cancer is 
depicted in orange. The left side of the blue specimen rep-

resents the base of the gland at that site. Note that the 
orange lesion appears in the 3D prostate model, which 
can be rotated to different views
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plane), and the amount of tissue collected is con-
sistent with the amount required (a 4 cm speci-
men length should be 4 cm). The biopsy needles 
used today suffer from significant deflection and 
marked core inconsistency. Nobody really cared 
previously because the focus was to make a diag-
nosis of cancer. Today with lesions substantially 
smaller (and in most cases microscopic) and 
when trying to reach an anterior ROI, needle 
deflection and core integrity are more critical. 
Brede and Jones examined needle defection 
using a 5 mm grid and found only 22 % shallow 
and 7 % deep precision [29]. The Bard MaxCore 
biopsy needle (C.R. Bard, Inc., Covington, 
Georgia, USA) was used for this study, which has 
a bevel or lancet tip design.

Satasivam et al. examined fragmentation of 
specimen cores taken by TRUS biopsy [30]. 
Although the biopsy needle type was not speci-
fied, substantial fragmentation was noted with 
the standard swipe technique, and core length 
and specimen length varied from 12.4 to 
13.4 mm (73–79 % of full length). Öbek et al. 
performed a similar study and noted mean core 
length in patients with prostate cancer was 
12.3 mm (72 %) vs. 11.4 mm (66 %) in those 
without (p = 0.015). Patients with a core length 
greater than 11.9 mm were 2.57 times more 
likely to be diagnosed with cancer [31].

In order to overcome these limitations, a 
new needle design and actuator have been 
under development. The needle tip was 
changed from lancet to trocar with various 
designs tested in gelatin matrix simulating 
prostate density (Fig. 18.6).

The Bard needle deflected a median of 0.9 mm 
(range 0.0–1.3), while the trocar tip needles 
deflected a median of 0 mm (range 0–1.7 mm, 
p < 0.001). Needle size (15-G vs. 18-G) did not 
affect deflection. Obtaining full intended length 
core length is also a necessary component of the 
needle design. When trying to obtain the entire 
length of the prostate in one sample, if the software 
designates 4 cm and only 2.8 cm is delivered, the 
remaining 1.2 cm is questionable. Testing of differ-
ent needle designs demonstrated the 15-G trocar tip 
needle depicted in the top of Fig. 18.6 performed 
no better than the Bard needle. However, the addi-
tion of ridges to the core bed, which secures the 
specimen as the cutting portion of the cannula 
passes over it, resulted in a 92 % core consistency 
rate (over various lengths between 2 and 6 cm).

The new variable-length needle would not be 
useful without a companion actuator to fire it a 
variable distance. This device has also been 
developed and tested. The physician can dial the 
desired length of the specimen as dictated by the 
software. Each specimen length will vary 
 depending on the length of the prostate when the 
probe is obliquely rotated away from the midline 
of the prostate. This actuator combined with the 
new needle would also be ideal for targeted MRI 
biopsies. When anterior lesions are present, the 
user can puncture the posterior capsule of the 
gland, dial the distance to the anterior capsule, 
and fire the gun to take a full-length specimen. 
The specimen will not only contain the entire 
cancer but also the noncancerous tissue on either 
side of it. Planning focal therapy with this addi-
tional information would be invaluable.

Fig. 18.6 Three needle types tested for deflection and core integrity. The top is a 15-G trocar tip, the middle is a 15-G 
trocar tip with “ridges” and the lower is the Bard lancet tip biopsy needle
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 Integrated Pathology System

The process to handle tissue specimens has not 
substantially changed in more than 100 years. 
Take a specimen, drop it in formalin, and send it 
to the lab is the routine. In the past, there was not 
much concern because clinicians were only inter-
ested in knowing whether cancer was on the 
specimen and what type it was. The new biopsy 
system necessitates a substantial change in the 
carrier mechanism. The longer (up to 6 cm) cores 
need to be preserved intact so the pathologist can 
render an accurate diagnosis on cancer location 
and length on every positive core. In addition, 
staff have to manage an increased number of 
specimens (16–20 for MRI-targeted biopsy and 
30 for the new 3DBiopsy). Specimen providence 

errors are not uncommon, and handling each 
core, in the OR and pathology lab, increases the 
risk of fragmentation [30]. Wojno et al. estimated 
a 2.5 % specimen providence error rate for prostate 
biopsies costing $879,900,000 per year in the 
USA [32]. Most of these cases were 12-core sys-
tematic TRUS biopsies. Increasing the number of 
specimens will likely increase the costs of man-
aging these errors.

The solution to these problems was to develop 
a carrier system that secures the specimen, deliv-
ers it to the technicians intact, and eliminates the 
need to remove the specimen from the carrier. 
The specimen remains in the carrier through for-
malin fixation, processing, paraffin embedding, 
microtome sectioning, staining, and reading. The 
device is also under development (Fig. 18.7).

Fig. 18.7 The integrated 
pathology system (IPS) 
secures the specimen in the 
carrier device and preserves its 
integrity from the operating 
room (OR) or clinic through 
all of the required steps for 
final pathologic assessment
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 Conclusion

The diagnosis and management of prostate can-
cer is evolving rapidly. The current focus is to 
biopsy men at risk of harboring significant can-
cers. In most other cancers that we treat, whether 
it be lung, breast, or colorectal cancers, we stage 
them. We employ positron emission tomography 
(PET) scans, computed tomography (CT) scans, 
bone scans, and others to determine the extent of 
disease. In localized prostate cancer, these tests 
do not help. We want to know what is in the gland 
and where. Currently TRUS and even saturation 
biopsies do not help. Multiparametric MRI is 
much more helpful; however, as already reviewed, 
it can miss up to 20–30 % of potentially progres-
sive and lethal cancers.

Having precise knowledge of the 3D location 
of the cancers is clearly going to change how we 
manage these patients and thereby reduce the cur-
rent dominant roles of both radical prostatectomy 
and radiation therapy. Precise intraprostatic stag-
ing will afford some patients the opportunity to be 
followed without treatment because the fear of 
missing a lethal cancer will be greatly diminished. 
A large group of newly diagnosed men, perhaps as 
many as 1 in 3, will be candidates for targeted 
focal therapy because clinicians will have precise 
knowledge of the location of all lesions and be 
able to deliver the ablative treatment to the exact 
sites. Whether MRI or an improved biopsy strat-
egy, as depicted here, will be the best means to 
achieve these results will need to be determined by 
prospective clinical trials.
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 Introduction

Ultrasound (US) has been the standard method 
for prostate imaging for decades. Transrectal 
ultrasound (TRUS) is used for prostate volume-
try, needle guidance during systematic prostate 
biopsies, brachytherapy guidance, and real-time 
monitoring during focal therapy. The widespread 
usage of US within prostate cancer diagnostic 
and therapeutic pathways relates to its many 
advantages: There are no harmful radiation or 
nephrotoxic contrast agents involved, making it 
safe and repeatable. Ultrasound equipment is 
mobile and less costly compared to that of other 
imaging modalities. Ultrasound imaging is real 
time, and there is a lot of experience with US 
within the urological community. From a techni-
cal standpoint, the close proximity between the 
US transducer during TRUS and the prostate 
combined with the technical characteristics of 
US allows imaging at much higher resolutions 

and frame rates than can be achieved with other 
imaging modalities [1]. Downsides of ultrasound 
are the user dependency and learning curve. 
Although three-dimensional (3D) imaging is 
available, ultrasound is still mostly performed in 
two dimensions (2D). TRUS allows detailed 
visualization of the prostate, but early prostate 
cancer (PCa) is hard to detect with standard 
grayscale TRUS. The sensitivity of grayscale 
TRUS reported in the literature varies but is 
often cited to be 11–35 % [2]. Some large mod-
ern series have reported sensitivities up to 59 %, 
reflecting the known distribution of echogenicity 
of prostate cancer [3, 4]. The positive predictive 
value of a hypoechoic lesion is only 17–57 % 
[5]. Several systems for computerized analysis 
of grayscale TRUS images exist that attempt to 
improve the diagnostic accuracy [6]. The artifi-
cial neural network analysis/computerized tran-
srectal ultrasound (ANNA/C-TRUS) system has 
shown the best results in clinical testing thus far. 
TRUS images are sent to the ANNA/C-TRUS 
server through a secure connection; C-TRUS 
then uses an ANNA algorithm to analyze the 
ultrasound signals and highlight suspicious areas 
[7]. With a maximum of six targeted biopsies, 
PCa was found in 31/75 (41 %) patients without 
prior biopsy. An external validation study in 28 
patients using radical prostatectomy (RP) speci-
mens as a reference standard showed a sensitiv-
ity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) of 83 %, 
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64 %, 80 %, and 63 %, respectively [8]. 
Histoscanning is another system for computer-
ized analysis of 3D grayscale TRUS images. The 
original article by Braeckmann et al. showed 
promising results, with all tumors larger than 
0.5 mL being detected in 13 men [9]. Subsequent 
publications were not able to confirm these ini-
tial results, and a 2015 meta-analysis concluded 
that there is little evidence for the value of histo-
scanning in the larger patient cohorts [10]. The 
latest data coming from a cohort of 282 patients 
who underwent histoscanning prior to RP show a 
sensitivity of 16–54 % and a specificity of 
59–92 % for the detection of lesions bigger than 
0.5 mL [11]. In a separate development, prelimi-
nary results with a high-frequency “micro-ultra-
sound” TRUS system have been reported [12]. 
The system acquires TRUS images at 29 MHz, 
allowing anatomical imaging at a spatial resolu-
tion of about 70 microns. The ongoing develop-
ment trial and external validation must prove 
whether it has a place in prostate cancer imag-
ing. Similar to the functional sequences devel-
oped for MRI, two advanced US modalities are 
being developed that evaluate the changes in tis-
sue stiffness and vascularity that are associated 
with PCa: (shear wave) elastography and con-
trast ultrasound. The remainder of this chapter 
will focus on these modalities and the advances 
made to combine the different US techniques 
into multiparametric ultrasound.

 Elastography

 Technical Aspects of Elastography

Elastography is an ultrasound-based technology 
for prostate cancer detection and treatment. The 
aim of this technology is to evaluate tissue stiff-
ness by using ultrasound as information source. 
The rationale behind the use of elastography for 
prostate cancer management is the observation 
that prostate cancer tissue is harder or denser then 
benign prostate tissue. This observation is well 
known from the digital rectal exam (DRE), where 
indurations of the prostate are suspicious for 
prostate cancer, as well as from mechanical elas-

ticity testing of prostate tissue. Such mechanical 
ex vivo tests showed an average elasticity for 
prostate cancer tissue of 40.4 ± SD 15.7 kPa and 
for benign prostate tissue of 15.9 ± SD 5.9 kPa 
and a ratio between the two tissue types of 
2.6 ± SD 0.9 [13]. Several companies offer this 
technology for their ultrasound scanners, and 
several possibilities exist to generate the elasto-
gram. In urology the most frequently used sys-
tems are the real-time elastography system and 
the shear wave elastography system. The real- 
time elastography system generates the elasto-
gram of the prostate by an analysis of tissue strain 
generated by compression and decompression of 
the tissue with the help of the transrectal ultra-
sound probe. The rhythmic compression and 
decompression result in displacements inside the 
ultrasound picture where softer areas show higher 
amplitude of displacement and harder areas show 
lower amplitude. This information is transferred 
into an elastogram or cartography showing areas 
with relatively higher tissue stiffness (coded 
blue) or relatively lower tissue stiffness (coded 
red) [14, 15]. This analysis is provided in real 
time and can be repeated without limitation. The 
elastogram with the real-time elastography sys-
tem gives information about relative tissue stiff-
ness inside of the ultrasound picture but does not 
allow any objective measurements of tissue elas-
ticity or density. Moreover, the quality of the tis-
sue evaluation depends on the quality of the 
tissue compression and decompression. Visual 
indicators help to provide a reproducible and reli-
able quality. This system is most extensively 
evaluated for the use in the diagnosis of prostate 
cancer as well as for the use in treatment of pros-
tate cancer. Most of the other elastography sys-
tems available on the market are based on a 
similar analysis, but their use in urology is lim-
ited [16]. The shear wave elastography system 
provides a different analysis. The system is based 
on an ultrafast analysis of the ultrasound picture 
using plane wave transmission instead of rapidly 
aligned individual sector sound wave emissions 
[17]. This analysis allows to capture the speed of 
acoustic shear waves in the tissue that are gener-
ated by push pulses from focused ultrasound 
beams (acoustic radiation force palpation). These 
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shear waves extend perpendicular to the sound 
waves in the tissue, and their extension speed 
depends on the tissue density. The speed is higher 
in dense tissue and lower in softer tissue. These 
differences in speed are used to generate an elas-
togram providing a color coding, where harder 
areas are coded red and softer areas are coded 
blue (Fig. 19.1) [18, 19]. On the other hand, the 
system provides absolute elasticity expressed 
either as speed of the shear waves in m/sec or as 
a true elasticity measurement in kPa. Similar to 
the real-time elastography system, the shear wave 
elastography system provides the analysis in real 
time with a frequency of 1 Hz = 1 frame/s. It is of 
note that several frames are necessary per analy-
sis to achieve stable tissue elasticity measure-
ments. The absolute elasticity measurements can 
be used as absolute numbers using regions of 
interest (ROI) inside of the ultrasound picture, 
providing maximum, minimum, mean, and stan-
dard deviation of elasticity. Moreover, ratios of 
the means inside of the region of interest can be 
calculated. These objective measurements render 
the analysis amenable to cutoff calculation as 
well as integration into algorithms. Measurements 
of tissue elasticity with this system showed an 
average elasticity of 65 ± SD 22 kPa for prostate 
cancer tissue and of 25 ± SD 7 kPa for benign 
prostate tissue with a ratio of 2.7 ± SD1.4 (Walz, 
unpublished data). Those numbers replicate the 
measurements obtained from mechanical testing 

with a systematic increase of tissue elasticity in 
the in vivo measurements with the shear wave 
elastography system but a stable ratio of 2.6 and 
2.7 between the two tissue types (Walz, unpub-
lished data) [13]. This increase is probably due to 
blood perfusion in vivo that is known to increase 
tissue stiffness and density relative to tissue that 
is not perfused, such as in the case in the ex vivo 
measurements. For the current time, the shear 
wave elastography system is the only system on 
the market offering such an analysis.

 Use of Elastography to Identify 
Prostate Cancer Lesions

Several studies compared real-time elastogra-
phy with whole mount sections after radical 
prostatectomy to evaluate its diagnostic perfor-
mance in the localization of prostate cancer 
lesions inside the prostate (Table 19.1) [15, 19–
35]. The sensitivity for correct cancer localiza-
tion varied between 68–77 %, therefore ranging 
in a rather narrow range [15, 31–33]. Two stud-
ies showed different sensitivities of 87 % and 
50 %, which could be considered as outliers [20, 
34]. The specificity varied between 77 % and 
92 %, again ranging in a relatively narrow range 
[15, 32–34]. Again one study showed a lower 
specificity of only 72 % [20]. Other studies used 
biopsy data for validation, an approach that does 
not provide reliable values on sensitivity and 
specificity due to under-sampling and sampling 
bias, and therefore those studies are not included 
in this overview. The aforementioned studies 
suggest that real-time elastography is a reliable 
tool to identify prostate cancer lesion inside the 
prostate. The fact that the diagnostic values of 
real-time elastography remain in a rather narrow 
range suggests user-friendliness and operator 
independency and confirms good reproducibil-
ity of the performance—all representing advan-
tages of the system.

Currently there is only one study comparing 
shear wave elastography with whole mount sec-
tions after radical prostatectomy to evaluate its 
diagnostic performance in the localization of 
prostate cancer lesions inside the prostate [19]. 

Fig. 19.1 Shear wave elastography of the prostate. A stiff 
(red) area is visible in the right peripheral zone. Prostate 
cancer was confirmed on whole mount section after radi-
cal prostatectomy
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In this study, a cutoff of 50 kPa was identified to 
be the most informative to differentiate prostate 
cancer lesions from benign tissue. When using a 
cutoff of 50 kPa, the sensitivity for correct cancer 
localization was at 81 %, and the specificity was 
69 % [19]. Similar to real-time elastography, 
other studies using the shear wave elastography 
system used biopsy data for validation; those 
were not included in this overview for the same 
reasons of under-sampling and sample bias. 
Further studies are necessary to confirm the 
reproducibility of shear wave elastography.

 Use of Elastography to Identify 
the Prostate Cancer Index Lesion

Especially for focal therapy, there is a need to 
identify the prostate cancer index lesion inside 
the prostate. This index lesion is usually the 
lesion that comprises the highest Gleason grade 
or when several lesions have the same Gleason 
grade, it is the lesion that is associated with the 
highest cancer volume. Real-time elastography 
was used to identify the prostate cancer index 
lesion in two studies [20, 36]. In one study, the 
sensitivity and specificity to identify the index 
lesion were only at 59 % and 43 %, respectively 
[36]. In the second study, the sensitivity and 
specificity were 59 % and 92 %, respectively 

[20]. Both suggest that the performance of real- 
time elastography alone is not sufficient to be 
used for focal therapy guidance. However, when 
combining elastography and biopsy data together 
to identify the prostate cancer index lesion, the 
performance increased, and the sensitivity and 
specificity increased to 85 % and 48 %, respec-
tively [36]. Using this combined approach might 
be interesting for treatment guidance of focal 
therapy and should be further explored.

 Use of Elastography for Prostate 
Cancer Diagnosis

Elastography was also used for the diagnosis of 
prostate cancer with the aim to direct biopsies 
into suspicious lesions. In the following over-
view, only studies comparing the detection rates 
of targeted biopsies over systematic biopsies in 
a controlled fashion and in an appropriate 
patient cohort were included. Basically only 
two different study designs fulfilled these crite-
ria [37]. In the first study design, targeted and 
systematic biopsies were performed in the same 
patient during the same session with separate 
analysis of the detection rate based on targeted 
cores and on systematic cores [25]. In such stud-
ies, each patient serves as his own control, and 
selection biases could be excluded. In the second 

Table 19.1 Diagnostic performance of elastography, shear wave elastography, contrast-enhanced Doppler 
(CE-Doppler), and dynamic contrast-enhanced ultrasound (DCE-US)

Tumor detection:  
SB vs TB (ref’s) Studies (n)

Total 
patients (n)

Per-patient detection 
rate: difference between 
TB and SB (range)

Per-patient detection 
rate: difference between 
overall and SB

Elastography [20–24] 5 1840 −18 % to +12 % +7 % to +12 %

CE-Doppler [25–27] 3 2206 +1 % to +4 % +2 % to +8 %

DCE-US [28–30] 3 397 −13 % to −5 % +3 % to +4 %

Tumor localization: 
Imaging vs RP

Studies (n) Total 
patients (n)

Sensitivity (range) Specificity (range)

Elastography [15, 20, 
31–34]

6 488 50–87 % 72–92 %

Shear wave [19] 1 28 81 % 69 %

DCE-US [35], 
[unpublished data]a

2 66 58–71 % 50–95 %

aUnpublished data from AMC University Hospital, 2013
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study design, a randomized approach was used 
by randomizing patients into two groups: the 
first group combining image-targeted and sys-
tematic biopsies and the second group doing 
only systematic biopsies without the use of tar-
geted biopsies [38]. By comparing the prostate 
cancer detection rates between the groups, the 
effect of targeted biopsies could be estimated. 
The randomized approach should also exclude 
selection biases in favor of one of the approaches. 
In total, five studies including 94–1024 patients 
used such a study design [21–23, 38, 39]. Out of 
these, four studies used each patient as his own 
control, where two studies showed with a maxi-
mum of five elastography targeted cores a higher 
detection rate (detection rate, 21 % and 30 %) 
than with a 10-core systematic scheme (detec-
tion rate, 19 % and 25 %) [21, 22]. Two other 
studies showed with four elastography targeted 
cores a lower detection rate (detection rate, 
11 % and 29 %) than with a 10-core systematic 
scheme (detection rate, 38 % and 39 %) [23, 
39]. One study randomized patients into two 
groups: (1) 10-core biopsy including elastogra-
phy targeted cores if suspicious lesion present 
and (2) 10-core systematic scheme without the 
use of elastography targeted cores [38]. This 
study showed a 12 % higher detection rate in the 
arm including elastography targeted cores in a 
10-core biopsy scheme (detection rate, 51 %) 
over a standard systematic 10-core scheme 
(detection rate, 39 %). When looking at the 
overall detection rates in these studies, all stud-
ies showed an increase of the detection rate over 
the systematic biopsy scheme, when systematic 
and targeted biopsies were combined. This 
increase varied between 7–12 % absolute and 
16–53 % relative [37] (Table 19.1). The afore-
mentioned studies allow the conclusion that ran-
domized biopsies cannot be safely replaced by 
elastography- targeted biopsies. However, com-
bining randomized and targeted biopsies 
together provides the highest prostate cancer 
detection rate over randomized biopsy alone 
with, in some studies, a substantial increase in 
cancer detection.

To the best of our knowledge, there is currently 
no study evaluating shear wave elastography 

inside one of the aforementioned study designs. 
This needs to be explored in future studies.

 Use of Elastography for Treatment 
Guidance and Monitoring

To the best of our knowledge, no study has used 
elastography for treatment guidance for focal 
therapy so far. Despite this, the ability of real- 
time elastography together with biopsy data to 
identify the prostate cancer index lesion is prom-
ising. Moreover, as most of the currently used 
ablative energies for prostate cancer focal therapy 
are guided by ultrasound, the use of ultrasound- 
based technologies such as elastography for 
treatment guidance is attractive, and a prospec-
tive evaluation in future trials seems to be inter-
esting [40]. Moreover, the real-time evaluation 
and the possibility of unlimited repetition of the 
analysis render elastography an attractive choice 
for such an approach. The same applies to the use 
of elastography for treatment monitoring. A 
change in tissue elasticity is of interest, espe-
cially for ablative energies using heat for tissue 
destruction, such as focused ultrasound ablation, 
laser ablation, or microwave ablation. Similar to 
the cooking process of meat, where proteins are 
denaturalized by heat, rendering the meat harder 
and denser relative to its raw aspect, heat ablative 
energies will result in the same tissue changes 
inside of the prostate when used for focal therapy. 
Very preliminary experiences confirm this theory 
and suggest a correlation between the ablated 
area identified by elastography and later con-
firmed by magnetic resonance imaging (MRI) 
(personal communication, Rouvière O, 2012.). A 
combination of elastography and contrast- 
enhanced ultrasound for treatment monitoring 
might become a useful option to monitor and 
control tissue ablation in real time during focal 
therapy of prostate cancer. Only this approach 
would allow for correction of insufficiently 
treated areas in the same session without the need 
of re-intervention at distance of the initial treat-
ment, a step currently necessary when using MRI 
or prostate biopsy for treatment control. Further 
research in this field is necessary.
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 Contrast Ultrasound

 Technical Aspects of Contrast 
Ultrasound

Prostate tumors need angiogenesis to progress 
from small dormant lesions into clinically sig-
nificant disease [41]. Microvascularization has 
been shown to correlate with tumor aggressive-
ness and prognosis. Therefore, visualization of 
the altered vascularity has the potential to aid in 
both detection and risk stratification of prostate 
cancers. The standard US techniques for imag-
ing blood flow are Doppler and power Doppler. 
These techniques visualize blood flow through 
analysis of the frequency shift that occurs when 
the US signal is reflected from moving particles 
in the bloodstream. Doppler US is easily per-
formed in conjunction with normal grayscale 
TRUS. Two biopsy-controlled studies report 
finding 11.7–15.8 % absolute more tumors with 
the addition of Doppler US to grayscale TRUS 
[42, 43]. It should be noted that these figures 
represent an increase in detection rate after retro-
spective analysis of imaging and biopsy results, 
not of targeted biopsy versus systematic biopsy. 
The largest prostatectomy controlled trial to date 
by Eisenberg et al. shows that in 620 preoperative 
patients, when Doppler is used to further char-
acterize lesions found by grayscale ultrasound, 
sensitivity dropped from 59 % to 47 %, but spec-
ificity rose from 47 % to 74 %. Unfortunately, 
in this study, Doppler US findings did not cor-
relate with tumor grade and stage or biochemi-
cal recurrence or secondary treatment after RP 
[4]. Contrast ultrasound was first used in PCa 
imaging as a technique to potentiate Doppler 
US. A contrast agent, consisting of a solution 
of gas-filled microbubbles that remain strictly 
intravascular for several minutes, is administered 
intravenously during or just prior to US scan-
ning [41]. After use in thousands of patients, 
most adverse events of microbubble contrast 
media appear to be transient, mild, and rare [44]. 
The theory behind adding contrast ultrasound 
to Doppler US is to improve the sensitivity of 
Doppler US to detect slow flow in small vessels 
by adding more reflectors to the bloodstream. 

One of the drawbacks of this contrast-enhanced 
Doppler US is the relatively high-energy US 
pulses delivered, causing premature bursting 
of the microbubbles [45]. Dynamic contrast-
enhanced ultrasound (DCE-US) uses much lower 
energy pulses overcoming this issue. DCE-US 
visualizes blood flow not through the Doppler 
effect but by detecting the nonlinear oscillations 
that occur when the microbubbles are incited by 
the US beam and differentiating these from the 
normal, linear tissue reflections [46]. This allows 
contrast-specific imaging that is sensitive enough 
to visualize a single microbubble with the size of 
an erythrocyte traveling through the microvascu-
lature [41]. Typically, the user sets the ultrasound 
machine in a split-screen mode with normal 
grayscale imaging on one side and contrast only 
(DCE-US) on the other. Scanning is done using 
sweeps or plane by plane after the injection of 
an ultrasound contrast agent (UCA) bolus. The 
visual interpretation relies mostly on the identi-
fication of asymmetrical rapidly enhancing foci 
in the peripheral zone (PZ). Other cues of malig-
nancy are increased focal peak enhancement and 
asymmetry of intraprostatic and capsular ves-
sels (Fig. 19.2) [35]. Early enhancement can be 
assessed after bolus injection, requiring a bolus 
and outflow period for each successive plane. 
Some work has been done with so-called flash 
replenishment technique. This entails destroying 
the microbubbles in the US field of view using 
a strong US pulse. The ensuing inflow of fresh 
microbubbles from the surrounding circulation 
can then be assessed [28, 47]. At low volumes of 
circulating microbubbles, the flash replenishment 
technique combined with maximum intensity 
projection allows visualization of the trajectory 
of individual bubbles revealing the structure of 
single microvessels.

 Use of Contrast Ultrasound 
to Identify Prostate Cancer Lesions

Few studies have compared contrast-specific 
DCE-US with radical prostatectomy specimens 
(Table 19.1). Halpern et al. mapped preopera-
tive DCE-US and grayscale findings in 12 
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patients, finding 13 out of 31 PCa foci resulting 
in a sensitivity of 42 % [48]. Similar figures 
were subsequently found by Sano et al. who 
detected 10/26 cancerous foci in 13 prostates 
resulting in a sensitivity of 38 % [49]. 
Matsumoto et al. used DCE-US and grayscale 
US to evaluate the prostates of 50 patients 
scheduled for radical prostatectomy, locating 
43 of 106 tumor foci resulting in a sensitivity of 
41 % [47]. Unfortunately, the design of these 
three studies did not allow calculation of speci-
ficity. Better figures were reported by Seitz 
et al. who preoperatively scanned 35 patients 
scheduled for prostatectomy or cystoprostatec-
tomy using DCE-US and were able to locate the 
tumor focus in 22/31 patients scheduled for 
prostatectomy [35]. On a per-patient basis, they 
calculated a sensitivity, specificity, PPV, and 
NPV of 71 %, 50 %, 92 %, and 18 %, respec-
tively. Yet-to-be published data from the 
Academic Medical Center (AMC) university 
hospital compared preoperative DCE-US scan-
ning of the prostate with radical prostatectomy 
specimens of 36 patients. Two observers 
achieved sensitivities of 58–69 % and specifici-
ties of 93–95 % for detecting lesions larger than 
0.5 mL. The scarcity of the literature compar-
ing RP specimens with contrast ultrasound calls 
for further studies to evaluate its performance 
in locating PCa.

 Use of Contrast Ultrasound 
to Identify the Prostate Cancer Index 
Lesion

As outlined before, accurate localization of the 
dominant tumor focus is highly important for the 
application of contrast ultrasound within focal 
therapy. The aforementioned study by Seitz et al. 
evaluated to what extent the localization of 
DCE-US findings correlates with the localization 
of the index lesion [35]. In 17/22 patients with 
tumors detected by DCE-US, the index lesion 
was correctly localized. Excluding Gleason 6 
index lesions, their dataset shows that 11/17 
(65 %) index tumors could be located in the cor-
rect sextant, 5/17 (29 %) were missed altogether, 
and 1/17 (6 %) was placed at the opposite side. 
Qi et al. attempted to localize the index tumor in 
83 patients scheduled for prostatectomy and were 
able to detect 51 %, 64 %, and 81 % of index 
lesions using grayscale US, DCE-US, and the 
combination, respectively [50]. Unfortunately 
the precise methodology of comparing imaging 
and pathology was not described. Based on these 
data, the use of DCE-US alone for index lesion 
targeting cannot be recommended, but again, 
data is scarce, and further investigation with 
accurate matching between imaging and pathol-
ogy is necessary to definitively establish the per-
formance in localizing the index lesion.

Fig. 19.2 Dynamic contrast-enhanced ultrasound 
(DCE-US) and parametric map of the prostate. Left: 
DCE-US of the prostate showing strong early enhance-
ment suspicious for prostate cancer (PCa) in the right 
peripheral zone (lower left side in the image). Middle: 
contrast ultrasound dispersion imaging (CUDI) map 

showing high time-intensity curve similarity indicating 
low dispersion suspicious for PCa in the right peripheral 
zone (marked red). Pathology slice indicating Gleason 
4+3 tumor in the right peripheral zone (marked red) 
(Courtesy of RJG van Sloun, Eindhoven University of 
Technology)
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 Use of Contrast Ultrasound 
for Prostate Cancer Diagnosis

For reasons explained before, the value of an 
imaging tool for prostate biopsy guidance can only 
truly be evaluated when the per-patient detection 
rates of targeted biopsies and systematic biopsies 
taken from the same patients or patients random-
ized to either protocol are compared [37] (Table 
19.1). In the following section, we will therefore 
focus on studies that were designed in such a way. 
Two studies compared detection rates of ten sys-
tematic biopsy cores with five contrast-enhanced 
Doppler US targeted biopsy cores in 1776 and 230 
patients, respectively [25, 26]. In both studies, 
23 % of patients had positive systematic biopsies. 
In the larger study, 27 % of targeted cores were 
positive, in the smaller 24 %. This indicates con-
trast-enhanced targeted biopsies perform at least 
as well or better than systematic biopsies with 
fewer cores. Nevertheless, significant tumor foci 
were picked up by systematic biopsy and missed 
by targeted biopsy. Combining systematic and tar-
geted biopsies showed a gain of 7–8 % absolute 
compared to only systematic biopsies. Taverna 
et al. randomized 300 patients to undergo either: 
13-core systematic biopsy, 13-core systematic 
biopsy plus Doppler targeted biopsies, or 13-core 
systematic biopsy plus contrast-enhanced targeted 
biopsies [27]. They found a modest 2 % absolute 
increase in detection rate of systematic + contrast- 
enhanced Doppler targeted compared to system-
atic biopsies alone. Three studies compared 
detection rates of DCE-US targeted cores and sys-
tematic cores in the same patients, using cohorts of 
272, 60, and 65 patients [28–30]. These studies 
report a lower detection rate using the 2–6 targeted 
cores compared to 10–12-core systematic biopsy, 
but an overall gain of 3–4 % absolute when the 
two are combined. Besides per-patient detection 
rate, tumor grading is important, and targeted 
cores are usually expected to yield larger tumor 
volumes and higher Gleason scores. Only two 
studies describe these figures: 31 % of patients 
were diagnosed with Gleason ≥7 with systematic 
biopsy only compared to 29 % for the system-
atic + contrast-enhanced Doppler US targeted 
cores in the study by Taverna et al. [27]. Frauscher 

et al. report finding equal numbers of Gleason 6 
tumors with only systematic biopsy and only tar-
geted biopsy (both 8/46 (17 %) Gleason 6 tumors) 
[25]. However, 5/13 (38 %) Gleason 7 tumors 
and 4/5 (80 %) of Gleason ≥8 tumors were found 
only by targeted biopsy, while none were found 
with systematic biopsy alone. The figures for 
both types of contrast- enhanced ultrasound illus-
trate that incorporating targeted cores improves 
detection but systematic biopsies remain neces-
sary, as is the case with all other currently avail-
able imaging tools [37].

 Use of Contrast Ultrasound 
for Treatment Guidance 
and Monitoring

Since DCE-US is highly sensitive to blood flow 
in the smallest capillaries, it is a suitable option 
for the monitoring of focal treatments in which 
the vascularity is destroyed. It provides high- 
resolution images that accurately depict whether 
tissue is perfused or not. Furthermore, the use of 
DCE-US is not limited by restrictions on ferro-
magnetic components of the ablation equipment 
as is the case with MRI-based monitoring. 
DCE-US is used for the real-time monitoring of 
lesion development during interstitial laser pho-
tothermal therapy by using a continuous UCA 
infusion [51, 52]. Rouviere and colleagues have 
shown that contrast ultrasound allows immedi-
ate visualization of HIFU-induced ablation zone 
by comparing postoperative biopsy results taken 
from areas showing residual enhancement and 
the non-enhancing ablation zone [53]. Based on 
these results, non-enhancing areas can safely be 
considered destroyed [54]. Some modern HIFU 
probes can be used to scan DCE-US volumes to 
check whether the ablation extent has pro-
gressed as planned intraoperatively. This allows 
immediate adjustment of the ablated zone by 
applying additional HIFU to any undertreated 
areas [54]. DCE-US has also been used to depict 
the ablation zone in the days or weeks after 
HIFU, interstitial laser phototherapy, and IRE, 
correlating well with MRI and histopathology 
findings [52, 54, 55].
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 Multiparametric Ultrasound

Prostate cancer is such a heterogenous disease 
that it is very conceivable that no single imag-
ing modality will be able to detect all different 
tumor morphologies. In MRI imaging, it has 
been demonstrated that the diagnostic perfor-
mance of single sequences is inadequate and 
multiparametric MRI is now the standard [56]. 
For US too, it may hold true that the best diag-
nostic performance will be reached by com-
bining several modalities that each target 
different tissue characteristics that help differ-
entiate benign from malignant prostate tissue. 
Available US modalities target anatomical 
morphology (grayscale US), altered vascular-
ity (contrast ultrasound), and tissue density 
(elastography). The parallels to the T2 MRI, 
DCE-MRI, and DWI-MRI sequences—the 
combination of which was proven effective—
are clear. Yet only modest steps have been 
undertaken to combine these US modalities 
into multiparametric ultrasound. Most nota-
bly, Brock and colleagues matched the preop-
erative elastography and DCE-US in 86 
patients with RP specimen analysis [57]. They 
followed a two-step approach toward combin-
ing the US modalities: First, suspicious lesions 
were identified using elastography. 
Elastography alone showed a sensitivity of 
49 % and a specificity of 74 %. Second, only 
the suspicious areas found by elastography 
were investigated further using DCE-US, rais-
ing the PPV from 65 % to 90 %. Clearly, fur-
ther research into various combinations of 
multiparametric ultrasound is necessary to 
assess its full potential [58].

 Future Perspectives

Currently ultrasound remains a dynamic and 
operator-dependent exam, rendering its stan-
dardization and reproducibility limited. 
Quantification and computer-aided interpreta-
tion are feasible for both DCE-US and shear 
wave elastography, and these developments 

should increase accuracy and decrease operator 
dependency. Especially for DCE-US, algorithms 
are being developed that analyze the inflow and 
outflow of the UCA by plotting per-pixel time-
intensity curves (enhancement as function of 
time) that are used to extract various blood flow-
related parameters. These parameters can be dis-
played as a color-coded map for further visual 
interpretation or used by a classifying algorithm 
to predict whether tissue is malignant [6]. In a 
study published in 2010, Zhu et al. performed 
DCE-US in 103 patients before prostate biopsies 
and then correlated biopsy results with several 
blood flow parameters extracted from the 
DCE-US recordings. They found that arrival 
time (AT) and time to peak (TTP) and peak 
intensity (PI) differed significantly between low-
grade and high-grade PZ tumors and found sig-
nificant correlations between these parameters 
and the Gleason score [59].

Jung et al. used a prototype of software under 
development by the UCA manufacturer Bracco 
(Bracco Suisse SA, Geneva, Switzerland) to ana-
lyze the preoperative DCE-US recordings of 20 
men scheduled for RP [60]. They designated sus-
picious and unsuspicious sectors in each of the 
patients and evaluated the ability of several 
parameters to correctly classify the sectors as 
benign or malignant. Using the mean transit time 
(time between 50 % enhancement levels of the 
wash-in and wash-out phase) and rise time (time 
range of UCA influx), they were able to identify 
29 and 25 of 34 tumor foci, respectively. Using 
early enhancement, 30/34 tumors were identified 
resulting in a sensitivity and specificity of 88 % 
and 100 %, respectively.

The current version of the aforementioned 
quantification software by Bracco includes a 
classifying algorithm that uses two statistical 
parameters (mode and standard deviation of 
wash-in rates) obtained from TIC analysis to pre-
dict whether the tissue is malignant or benign. 
Postema et al. correlated the PCa-probability 
maps generated by this software to the systematic 
biopsy results of 82 patients and reported classi-
fying 63 % of 651 of biopsy locations as benign, 
resulting in 23 (5.6 %) missed biopsy cores with 
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significant PCa (Gleason ≥7 and ≥10 % core 
involvement) [61]. In 31/82, no lesions were 
apparent using DCE-US + quantification soft-
ware, resulting in three missed diagnoses of sig-
nificant PCa. Sensitivity, specificity, PPV, and 
NPV were calculated to be 91 %, 56 %, 57 %, 
and 90 %. An Eindhoven University of 
Technology research group is developing con-
trast ultrasound dispersion imaging (CUDI), a 
quantification method based on the analysis of 
UCA dispersion parameters that are also extracted 
from TICs [6, 62]. They validated their algo-
rithms by using the preoperative DCE-US record-
ings and marked RP slices of up to 24 patients 
showing a gradual improvement of the CUDI 
method reaching an AUC of 0.92 in their last 
study [63–65]. Ideally, technologies such as elas-
tography or contrast-enhanced ultrasound should 
be amenable to 3D or 4D imaging. Moreover, the 
3D or 4D ultrasound loop should be systemati-
cally filed and amenable to post-acquisition pro-
cessing and analysis. The first tests with 
commercially available contrast-ready 3D/4D 
endorectal US systems have shown that 4D 
DCE-US and quantification are feasible [66]. 
Besides allowing scanning of the whole prostate 
in 2 min after one single bolus, the authors 
hypothesize that with 3D/4D DCE-US accuracy 
of the quantification techniques could improve 
since the blood flow alterations they try to detect 
are fundamentally 3D phenomena.

Such improvements would substantially 
improve the usefulness of ultrasound-based tech-
nologies for diagnosis and treatment of prostate 
cancer. These improvements are under develop-
ment but not yet commercially available. 
Moreover, the different ultrasound-based technol-
ogies are commercialized by different companies, 
each of them favoring one of the different tech-
nologies. Therefore, most scanners offer either 
elastography or contrast-enhanced ultrasound at 
the high-quality level that is necessary to render 
this pathway useful but not both in the same sys-
tem. Despite these limitations, ultrasound-based 
imaging for diagnosis and treatment of prostate 
cancer harbors great potential for the future.
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 Introduction

More than 250,000 men in the United States are 
diagnosed with prostate cancer on a yearly basis 
[1]. With the advent of prostate-specific antigen 
(PSA) screening, many identified prostate can-
cers are indolent and nonlethal. Yet, they are 
 frequently treated in an aggressive manner with 
extirpative surgery or radiation. Concern for 
overtreatment of low-risk prostate cancer in large 
part guided the United States Preventive Services 
Task Force’s recommendation to no longer rec-
ommend PSA screening for men of any age [2]. 
PSA screening has decreased in the era of these 
recommendations, and prostate cancer diagnoses 
have decreased as well [3]. While the rate of 
prostate cancer detection has been declining, it is 

estimated that 400 in 100,000 men continue to be 
diagnosed with prostate cancer yearly [4]. The 
urological community now finds itself at a cross-
roads, in which prostate cancer continues to kill 
more than 28,000 men on a yearly basis, but 
diagnosis and treatment require increased sensi-
tivity and accuracy. At this junction, accurate 
robotic targeting using magnetic resonance imag-
ing (MRI) may serve as an important tool in per-
mitting more accurate prostate cancer detection 
and focal treatments.

 The Current State of Prostate 
Biopsy

Currently, prostate biopsies are performed free-
hand with the use of transrectal ultrasound 
(TRUS) to guide needle placement into the pros-
tate in a systematic fashion. Prostate biopsy is 
one of the most common urological procedures, 
with well over a million biopsies performed on a 
yearly basis [5]. Standard TRUS infrequently 
identifies areas that are suspicious for malig-
nancy, and abnormality on ultrasound is a poor 
predictor of prostate cancer [6]. More impor-
tantly, traditional TRUS-guided prostate biopsies 
frequently fail to detect prostate cancer. Simu-
lations of random sextant biopsies have shown 
that up to 25 % of prostate cancers may be missed 
[7]. Even with an increasing number of biopsies, 
10 % of cancers will not be detected, and these 
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often represent high-risk disease [8]. Interestingly, 
freehand TRUS-guided biopsies are dependent 
on the individual performing the biopsy. A study 
using a biopsy simulation platform in pelvic 
mock-up accurately tracked the location and tra-
jectory of prostate biopsies. Five urologists per-
formed prostate biopsies in the standard fashion 
and were found to biopsy in a distinctive clus-
tered pattern that significantly under-sampled the 
prostate. Human accuracy for targeting of partic-
ular lesions had a mean error of 9.0 mm. In the 
same study, robot-assisted biopsies had no clus-
tering and a mean targeting error of 1.0 mm. 
Robotic assistance improved accuracy, precision, 
and increased the rate of prostate cancer detec-
tion [9]. An additional issue with TRUS-guided 
biopsy is the detection of low- grade cancers that 
are likely clinically insignificant. A number of 
series have investigated this and found the rate to 
range from 10 % to 49 % [10, 11]. Clearly, tools 
to improve lesion targeting may increase prostate 
biopsy yield and decrease the rate of incidental 
lesions.

 Advances in Prostate Biopsy Using 
Magnetic Resonance Imaging

In contrast to ultrasound (US), which poorly 
 differentiates benign from malignant prostatic 
tissue, MRI is an excellent tool for soft-tissue 
imaging. Multiparametric MRI (mpMRI) permits 
differentiation of prostate cancer from the sur-
rounding prostatic stroma in a proven and rep-
roducible manner. Multiple studies have shown 
that MRI detects clinically significant prostate 
cancer in 44–87 % of biopsy naïve or negative 
men and has a negative predictive value of 
63–98 % [12].

 Magnetic Resonance/Ultrasound 
Fusion-Guided Biopsy

There are a number of strategies to incorporate 
MRI into prostate biopsy; direct in-gantry guided 
biopsy, cognitive fusion, and MR/US fusion 
using a software platform. In recent years, MRI 

fusion with TRUS-guided biopsy has been 
 gaining in popularity. Available platforms include 
UroNav (Invivo Corp., Gainesville, Florida), 
Artemis (Eigen, Grass Valley, California), and 
Urostation (Koelis, Meylan, France) among oth-
ers [13]. For most platforms, a prostate MRI is 
acquired, and if a suspicious lesion is present, the 
MR image is registered to US during TRUS 
biopsy. A physician can thus visualize the approx-
imate location of the lesion from MR on images 
acquired by US, and biopsies are performed in a 
directed manner. A recent study compared MR/
US fusion-guided biopsies to standard TRUS-
guided biopsies. The authors found that MR/US 
fusion-guided biopsies detected 30 % more high-
risk cancers and 17 % fewer low-risk cancers 
than standard biopsies [14]. Clearly, MR imaging 
of the prostate adds a very important dimension 
to detecting clinically relevant prostate cancers.

MR/US fusion-guided prostate biopsy has areas 
that can be improved upon. It is prone to human 
error in regard to needle guidance and placement. 
Additionally, it relies on cross- modality imaging 
registration, which can introduce significant inac-
curacy [15]. Prostate MRI is now typically done 
without an endorectal coil, and there is little tissue 
deformation. When TRUS is being performed, an 
ultrasound probe is inserted into the rectum with 
varying degrees of pressure and torque applied 
depending on the target location. Tissue deformity 
during TRUS biopsy can make cross-modality 
image registration difficult. Methods have been 
developed to improve contours in a deformable set-
ting, but they remain imperfect [16]. For these rea-
sons, there is interest in performing MR-guided 
biopsies.

 Magnetic Resonance-Guided 
In-Gantry Biopsy

MR-guided in-gantry biopsies are performed 
directly during MRI, eliminating issues with 
cross-modality image registration. Initial studies 
found this technique to be feasible in men with an 
elevated PSA and previous negative TRUS- 
guided biopsies, with a prostate cancer detection 
rate of 37–38 % [17–19]. A recent study of 
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patients with an average of 2 previous negative 
TRUS-guided biopsies, rising PSA, and a suspi-
cious lesion on MRI detected prostate cancer in 
52 % of individuals [20]. A study by Hambrock 
et al. examined the efficacy of MRI-guided 
biopsy of suspicious lesions on mpMRI using a 
commercially available transrectal MR biopsy 
device compared to standard TRUS biopsy in a 
matched cohort. Prostate cancer detection  
was significantly greater (55 % vs. 88 %) in the 
MR-guided biopsy group [21]. These studies 
indicate that MR-guided biopsy can be effica-
cious in the setting of a previously failed TRUS- 
guided biopsy.

 Robot-Assisted Magnetic 
Resonance-Guided Prostate Biopsy

Targeting a specific lesion on MRI can prove 
challenging, particularly if the lesion is small. 
Robotic assistance for accurate needle placement 
has the potential to both simplify and improve the 
biopsy yield. A number of groups have worked 
on developing this important tool.

In 2005, a small study of five patients showed 
feasibility of a custom-made, MR-compatible 
device that assisted in fiducial placement and 
prostate biopsy—with fairly accurate targeting to 
within 1.8 mm [22]. The device was composed 
entirely of Ultam plastic and utilized a pre-placed 
endorectal sheath containing a single-turn imag-
ing coil and an anterior aperture for needle place-
ment. The needle guide contained MR tracking 
microcoils that facilitated image registration.

Researchers at the Nijmegen Medical Center 
in the Netherlands developed a novel MR- 
compatible robotic system. Device energy was 
obtained via a pneumatic motor—in which air 
was compressed outside the MR room and deliv-
ered through MR-compatible tubing. The needle 
guide was placed transrectally, and a phased-
array coil was positioned on the patient’s but-
tocks. After a suspicious area was identified on 
MRI, needle trajectory was set. Prior to biopsy, 
the patient was removed from the MRI, and the 
biopsy was performed manually using the previ-
ously obtained coordinates. Following the biopsy, 

the patient was reimaged to confirm accuracy. 
This system was utilized in a prospective study of 
9 patients with a PSA greater than 4, history of 
negative prostate biopsy, and an area on MRI sus-
picious for malignancy. Prostate cancer was 
detected in 4 of 9 patients, and 6 of 13 suspicious 
areas were found to have prostate cancer. This 
allowed a higher rate of prostate cancer detection 
than with traditional TRUS-guided biopsy and 
with fewer overall biopsies [23]. Clearly, there 
was room for improvement in terms of patient 
access during MRI and the necessity for move-
ment of the MRI table. Fully MR-compatible 
robotic assistance is ideal to improve accuracy 
and ease of intra-MRI biopsy.

 Construction of a Magnetic 
Resonance-Safe Robot

One of the greatest challenges to robotic assistance 
for MR-guided biopsy has been development of a 
fully MR-compatible robot. MRI utilizes high-
density magnetic fields, with pulsed magnetic and 
radio frequency fields. A ferromagnetic object in 
close proximity to MRI would be subject to high 
magnetic interaction forces and can cause heating 
and movement within conductive objects. If criti-
cal robotic items are subject to a magnetic field, 
accuracy and functionality are compromised. Most 
available robotic devices require an electromag-
netic motor, yet the use of electricity near MRI will 
cause interference of signal-to-noise attenuation, 
signal distortion, and artifact [24]. Therefore, when 
building a device, it is important that materials be 
nonmagnetic and nonconducting [25]. In order to 
be completely MR-safe and not merely MR- 
conditional, robotic components need to be built of 
rubber, glass, or plastic [26]. The primary chal-
lenge is providing non-electrical energy to the 
device, as electric currents generate electromag-
netic waves and are not MR-safe. Available options 
are energy sources that are not coupled to electro-
magnetism, including pneumatic and light energy. 
Pneumatic actuation is MR-safe, and a number of 
organizations have attempted to create an MR-safe 
robot using pneumatic actuators. The PneuStep 
motor is one such example.
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 PneuStep Motor
The PneuStep motor (Johns Hopkins Urology 
Robotics Lab, Baltimore, Maryland) uses a novel 
pneumatic step motor. All motor components 
were constructed from nonmagnetic and noncon-
ductive materials. Sensors within the device were 
constructed with fiber optics—obviating the need 
entirely for the use of electricity. The PneuStep 
motor has undergone thorough testing and is 
MR-safe. There is no image interference or 
 disturbed motor function, even with the motor 
located at the image isocenter of a magnetic field 
imager [27].

Pneumatic actuation is employed in numerous 
applications due to its ease of use when an air 
supply is readily available. However, it has had 
limited use in medical applications due to its 
reduced precision in controlled motion from fric-
tion with various motor components. Step motors 
are able to bypass these issues. In simplified 
terms, end-to-end motion of a piston within its 
cylinder provides an exact quantity of energy. 
The step motor collects successive end-to-end 
motion strokes during a rotary motion, which 
provides simple and precise low-speed pneu-
matic actuation [28].

 Robotic-Assisted Targeting Device

An endorectal robotic-assistance device was 
developed to achieve accurate prostatic targeting. 
The physician performing the biopsy selects an 
appropriate target on MR image, and the device 
provides assistance by orienting the needle guide 
and fixing target depth. A physician is required to 
insert the needle and execute the biopsy, but 
the targeting device guides biopsy performance. 
Similarly designed devices typically have 2 
degrees of freedom, which requires the physician 
to control needle depth [22, 29, 30]. The currently 
described targeting device provides 3 degrees  
of freedom—allowing all needle motion to be 
guided robotically. The endorectal component has 
a series of registration markers, and the needle 
guide passes through the endorectal extension at 
an angle determined robotically. A needle spacer 
adjusts the depth of biopsy needle insertion [24].

 Kinematic Structure

A downside of imaging fusion technology is the 
requirement for cross-modality image registra-
tion. This introduces the potential for significant 
error, particularly if a given target area is small. 
An ideal system avoids prostatic deformation, 
obviating the need for calibration. The endorec-
tal extension for the MrBot (Johns Hopkins 
Urology Robotics Lab, Baltimore, Maryland) 
functions similarly to previously described 
TRUS probes, with a purely rotary motion that 
largely eliminates prostate deformation [24, 31]. 
Biopsy performance was tested using a com-
puter-simulated design, and the endorectal probe 
and needle guide did not deform prostatic tissue 
significantly [24]. The 3 robotic degrees of free-
dom include (R1) rotation of the endorectal 
extension around its axis, (R2) rotation of the 
needle guide relative to the endorectal extension, 
and (T) insertion of the needle through the nee-
dle guide. A motor adjusts the angle of R1 and 
is supported by a revolute joint (R). A second 
motor performs a screw transmission and is sup-
ported by a prismatic joint (P). The bottom of the 
needle guide moves through a revolute (R) joint. 
The top of the needle guide slides through the 
revolute-cylindrical joint (RC). The needle is 
then inserted manually through the needle guide 
but will stop when it reaches the nut at the top of 
the needle guide [24]. This system is pictured in 
Fig. 20.1.

 Magnetic Resonance-Guided Biopsy 
Results

After development of an MR-safe robot, its 
safety and feasibility were tested in a canine 
model. Image to robot registration was per-
formed, and radiologists selected appropriate 
 targets within the canine prostate for needle 
placement. Thirty targets in six dog prostates 
were sampled. The robot-guided biopsies were 
found to have an average precision of 1.31 mm 
and accuracy of 1.58. The greatest deviation was 
found to be 2.58, which is still within the 5 mm 
margin of acceptable error for targeting of 
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 clinically significant tumors [32]. All 6 dogs 
recovered without complication. All needle 
placements were successful on the first attempt, 
and the time from targeting to biopsy was approx-
imately 3 min [24].

Recently, the safety and feasibility of direct 
MRI-guided biopsy were assessed in a human 
cohort. Five men with elevated PSA, previous 
negative biopsy, and presence of a cancer suspi-
cious region on MRI underwent transperineal 
direct MRI-guided biopsy using the MrBot. 
Figure 20.2 displays patient and robot setup. 
Biopsies targeting the cancer suspicious regions 
and sextant biopsies were obtained. Two men 
required post-procedural urethral catheter place-
ment, but no complications occurred. There were 
30 total biopsy sites, and clinically significant 
prostate cancer was detected in two patients. 
Overall, the targeting accuracy was 2.55 mm nor-
mal to the needle without trajectory corrections. 

There were no unsuccessful biopsies targeting 
attempts [33]. Clearly, MR-guided biopsy can be 
performed with excellent accuracy for small 
lesions.

Fig. 20.1 (a) The needle guide is featured with 2 degrees 
of freedom (DoF), permitting accurate needle placement in 
three-dimensional space. (b) Displays the third DoF, which 
controls the depth of needle placement. (c) The 2 rotational 
DoF are depicted with red arrows, and the black dotted line 

represent the axis of rotation. Reprinted with permission 
from Srimathveeravalli G, Kim C, Petrisor D, Ezell P, 
Coleman J, Hricak H, Solomon SB, and Stoianovici 
D. MRI-safe robot for targeted transrectal prostate biopsy: 
Animal experiments. BJU Int. 2014;113(6):977–85

Fig. 20.2 Displays a patient in left lateral decubitus posi-
tion within the MRI scanner. The MrBot is mounted to the 
MRI table and placed at the perineum
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 Magnetic Resonance-Guided 
Robotic Assistance for Prostate 
Cancer Therapy

Brachytherapy is a commonly used treatment 
modality for prostate cancer. It utilizes either 
 permanent low-dose rate brachytherapy seeds or 
temporary high-dose rate brachytherapy seeds. 
Therapy is typically performed under US guid-
ance according to a predesignated treatment map. 
The treatment map is usually template based and 
attempts to target areas of greater malignant risk 
and spare areas that may lead to poor continence 
or erectile function outcomes [34].

For properly selected men, some studies show 
that brachytherapy has similar oncologic out-
comes to external beam radiation therapy (EBRT) 
and radical prostatectomy (RP) [34]. Compared 
with other treatment modalities, individuals 
undergoing brachytherapy also have shorter con-
valescence times and have lower risk of develop-
ing some treatment side effects that are more 
common with EBRT and RP [35].

To better target areas with the highest cancer 
risk, there is interest in applying MR imaging  
for placement and evaluation of brachytherapy 
seeds. MRI has been used in numerous areas  
of prostate brachytherapy—including real-time 
implan tation guidance, high-dose rate optimiza-
tion, and low- dose rate post-implant dosimetry [36]. 
These are areas under active investigation and are 
not utilized in a standard fashion.

The benefit of robotic-assisted MR-guided 
brachytherapy seed placement is accurate targeting 
of radiation doses to areas harboring aggressive 
disease while sparing critical nearby structures. 
Currently, brachytherapy is performed using a tem-
plate, which restricts possible needle trajectories 
[37]. A benefit of robotic placement is that it is not 
template limited and seeds can be placed in areas 
that would not typically be possible to access. 
Additionally, treatment under MR guidance allows 
for dosimetric feedback, thus allowing additional 
seed placement to underdosed areas [38].

In order for brachytherapy seeds to be inserted 
robotically, 3 tasks must be performed: (1) needle 
orientation, (2) needle insertion, and (3) seed 
deployment. The previously described MrBot 

was utilized for this purpose. An MR-compatible 
needle seed injector was designed and is able to 
perform high-speed needle insertion to greatly 
decrease soft-tissue deflection [39]. Prior to 
biopsy, image-to-robot registration is performed. 
A fiducial marker is attached to the seed injector 
end-effector. The intersection of this marker with 
the planes of the MR image slices is utilized to 
perform image-to-robot registration. Two differ-
ent algorithms are used to perform this feat, as 
detailed in Muntener et al. [40]. Accuracy of 
motion tests were performed, in which the robot 
was repeatedly positioned in extreme work space 
points. The MrBot was very accurate during 
basic motion capability tests, in which placement 
reliably had an error of only 0.076 ± 0.035 mm. 
After warm-up, the mean error value decreased 
to 0.060 ± 0.032 mm. When tested with the tissue 
mock-up, the mean error was somewhat higher at 
0.72 ± 0.36 mm [40].

 Conclusion

Prostate cancer is the most prevalent malignancy 
effecting males, with nearly 1 in 6 men receiving 
a prostate cancer diagnosis during their lifetime 
[41]. More than one million TRUS-guided biop-
sies are performed yearly, and it is one of the 
most common procedures performed by urolo-
gists. However, systematic TRUS-guided biop-
sies frequently miss aggressive tumors and due to 
their systematic nature frequently detect clini-
cally insignificant tumors [7, 42]. Additionally, 
these biopsies are prone to human error and 
 surgeons tend to cluster biopsies in an individual-
ized pattern [9].

MRI is an excellent tool to detect prostatic 
lesions, and it is increasingly being used to 
inform prostate biopsy both in the form of cogni-
tive fusion biopsies and MR/US fusion-guided 
biopsies [13]. Various groups have attempted 
MRI-guided in-gantry biopsy. Using this tech-
nique, prostate cancer is frequently detected  
in individuals with previous negative prostate 
biopsy and appears to have higher cancer 
 detection rates than standard TRUS-guided 
biopsy [21].
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In order to better target suspicious lesions 
identified on MRI, there has been interest in 
developing robotic-assisted MR-guided prostate 
biopsy. A few groups have developed MR- 
compatible robots capable of biopsy with suc-
cessful results [23]. One such system is the 
MrBot, which is a fully MR-compatible robotic 
system, capable of precise lesion targeting with-
out influence on acquisition of MR images [24]. 
Electric energy is not compatible with MRI, and 
thus the PneuStep motor was designed. This is a 
pneumatic step motor that utilizes energy from 
successive end-to-end motion strokes during 
rotary motion and is able to generate a consistent 
source of energy that is both MR-compatible and 
effective for the accuracy required for robotic 
 targeting [28]. Additionally, a robotic-assisted 
 targeting device was developed with 3 degrees of 
freedom. The endorectal component contains 
registration markers, and an associated needle 
guide sets the needle trajectory based on coordi-
nates derived from the targeting device [24].  
A unique kinematic structure, based on purely 
rotary motion, allows prostate scanning without 
significant tissue deformation [24]. MR-guided 
biopsies with robotic assistance improve  accuracy 
and precision with a targeting error of approxi-
mately only 1.0 mm [9, 43].

There has also been considerable interest in the 
utilization of robotic assistance for treatment of 
prostate cancer—particularly in the form of brachy-
therapy. Currently, brachytherapy seeds are placed 
using a template. MRI guidance offers real-time 
implantation guidance, high-dose rate dose optimi-
zation, and low-dose rate post- implant dosimetry 
[36]. The MrBot with PneuStep motor has been 
used in brachytherapy simulations and shown to 
have a targeting error of only 0.72 mm [40].

While initial trials with robot-assisted 
MR-guided prostate biopsies have been promis-
ing, a number of questions remain. It is unknown 
how well these biopsies will compare to system-
atic TRUS-guided biopsies and MR/US fusion- 
guided biopsies. It is presumed that more accurate 
targeting discrete lesions would lead to increased 
diagnosis of higher-grade tumors and reduce 
incidentally found lower-grade cancers; how-
ever, this remains unverified. Moving forward, 

prospective randomized trials will be necessary 
to truly differentiate the diagnostic potentials 
between various biopsy methods.
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 Introduction

 Localized Prostate Cancer Treatment 
and Morbidity

Prostate cancer continues to be the most 
 commonly diagnosed non-cutaneous malignancy 
among North American men [1]. Prostate- 
specific antigen (PSA) screening is believed to 
have raised detection, thus causing increased 
treatment of low-grade, localized prostate  
cancer [2]. Despite a now common robotic appr-
oach to surgery and more advanced targeted 

external beam radiation therapy technologies, 
significant deterioration of urinary and sexual 
function remain prevalent side effects of radical 
therapies [3]. Conservative expectant manage-
ment of localized prostate cancer is a response to 
this morbidity and attempts to prevent or defer 
complications in men with low risk of disease 
progression. This is confirmed by the minimal 
benefit for patients in a randomized trial of 
 surgery versus active surveillance for low-risk 
tumors [4].

However, it is understood that even the diag-
nosis of prostate cancer causes substantial psy-
chological and emotional burden, resulting in 
impairment of health-related quality of life [5]. 
Despite mounting evidence for active  surveillance 
in localized low-risk prostate cancer, uptake of 
active surveillance remains limited and may be 

linked to a perceived concept that treating all 
cancers early is beneficial [6]. There may also be 
a cohort of men with intermediate-risk prostate 
cancer who may not be good candidates for 
active surveillance but for whom whole-gland 
therapies still constitute therapeutic overkill. 
Patients with Gleason score 7 (3 + 4) with low 
percent Gleason pattern 4, no cribriform or intra-
ductal carcinoma, low PSA, and small-volume 
disease are known to have low rates of extrapros-
tatic disease (non- organ confined rates) at prosta-
tectomy and low rates of biochemical recurrence 
 post- prostatectomy [7–9]. For this group of 
patients, focal ablation may be appropriate.
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 Focal Ablation of Prostate Cancer

In focal ablation, an identified tumor is targeted 
for destruction, while the remainder of the 
 prostate and surrounding vital structures (i.e., 
bladder, urethra, neurovascular bundles) are pre-
served [10]. Historically prostate cancer was 
deemed a “field defect” disease with presumed 
multifocality and thus treated solely with whole-
gland therapies. With advent of multiparametric 
magnetic resonance imaging (mpMRI) and more 
accurate and thorough biopsy approaches, we are 
learning that there are occasionally solitary 
tumors in the prostate and other times there is a 
dominant tumor [11]. This dominant tumor, or 
index lesion, is generally the largest site of cancer 
with the highest Gleason score and is hypothe-
sized to promote disease progression [12]. Grade 
also plays a key factor in pursuing less radical 
therapy for prostate cancer. Many genetic altera-
tions and mutations associated with Gleason 6 
cancer are separate from the changes in Gleason 
7 tumors, suggesting that Gleason 6 tumors do 
not have metastatic potential [13]. There are 
almost no cases in the literature of metastatic 
Gleason 6 prostate cancer [14]. Thus, if we could 
reliably identify and isolate the large, higher-
grade tumors and target them solely for destruc-
tion, patients will theoretically be afforded better 
quality of life and good oncologic outcomes.

Focal ablation can be applied by many unique 
energy sources and in a wide variety of manners. 
Cryotherapy, high-intensity focused ultrasound 
(HIFU), photothermal laser, radiofrequency abla-
tion, and intracorporeal electroporation have all 
been studied for prostate ablation. The interstitial 
modalities can be applied transrectally or trans-
perineally, while HIFU is predominantly a tran-
srectal energy. Regardless of the route and energy 
used, the amount of tissue destroyed needs to be 
carefully planned [15]. This is a delicate balance. 
In the most focal approaches, the tumor and a 
margin of normal prostate are ablated so that vital 
structures are preserved and morbidity reduced. 
However, when less tissue is targeted, then per-
sistent or recurrent cancer becomes more likely. 
For this reason, when attempting a targeted focal 
treatment of a lesion plus margin, one has to have 

excellent tumor localization and monitoring of 
tumor destruction. Both of these are afforded 
when performing transperieneal focal laser 
ablation.

 Magnetic Resonance Imaging 
for Diagnosis and Targeting 
Therapy

Multiparametric MRI can precisely identify clin-
ically significant adenocarcinoma of the prostate 
(PCa) [16, 17]. This targeted localization offers a 
unique opportunity to use mpMRI as a map for 
image-guided diagnosis and treatment [15, 18, 19]. 
Several groups have established that mpMRI- 
targeted prostate biopsies diagnose more clini-
cally significant high- and intermediate-grade 
cancers while avoiding low-grade lesions when 
compared to traditional systematic sextant biopsy 
[20, 21]. This technology promises to identify 
high- and intermediate-grade tumors that were 
previously missed with systematic biopsy alone 
and avoid overdiagnosing low-grade cancer.

Multiparametric MRI also has been success-
fully employed in targeting lesions for focal 
 ablative therapy [18]. In this targeted approach, 
clinically significant MRI-visible tumor or the 
index lesion is selectively ablated while sparing 
the remainder of the prostate gland [22, 23]. By 
targeting only the tumor and a margin of normal- 
appearing prostate, sensitive structures such as 
the neurovascular bundles, bladder neck, and 
urethra are generally spared, decreasing morbid-
ity (i.e., erectile dysfunction) compared to radical 
extirpative surgery or radiotherapy [24]. Index 
lesions are commonly the largest and highest 
grade tumors visualized on MRI and confirmed 
on biopsy and are targeted in focal therapy 
because they are hypothesized to drive disease 
progression [12]. Multiparametric MRI can accu-
rately detect 80–90 % of index lesions [25].

In-bore treatments are uniquely suited for 
focal interventions because the visualization of 
tumor on mpMRI can be harnessed for targeting 
a lesion and concurrent MRI-thermometry can 
detect treatment location and efficacy based  
on real-time temperature feedback [26, 27]. 
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Temperature is used to determine if coagulative 
necrosis is likely in the selected ablation site but 
also confirms safety of vital structures (i.e., rec-
tum, urethra, bladder neck) to avoid major mor-
bidity. Finally, a contrast-enhanced scan at the 
end of the procedure demarcates the nonperfused 
treatment area to confirm adequate coverage 
before terminating the session. Supraphysiological 
hyperthermia (42–60 °C) may be visible as a 
thin rim (approximately 2 mm) of hyperemia or 
hemostasis around the necrotic zone. This is 
often seen only on immediate post-ablation 
contrast- enhanced scan. This rim eventually 
develops into coagulative necrosis within approx-
imately 5 days [28, 29].

Laser interstitial prostate ablation can be per-
formed via transperineal or transrectal fiber inser-
tion. We believe that transperineal application 
has several theoretical advantages over the tran-
srectal approach. Infection may be reduced  
by avoiding transrectal fiber insertion. Also trans-
perineal application allows access to midline 
lesions anterior to the urethra that are only acces-
sible in the transrectal approach by traversing the 
urethra. There is also potential to cause a recto-
urethral fistula when treating midline posterior 
tumors via the rectum. However, despite these 
theoretical advantages, Lepor et al. reported safe 
treatment with transrectal interstitial laser abla-
tion on 25 consecutive patients [30]. Another trial 
is evaluating the safety of transrectal applied 
focal laser ablation in 100 patients [31].

 Magnetic Resonance-Guided 
Transperineal Focal Laser Ablation

Transperineal, in-bore MR-guided focal laser 
ablation (FLA) is currently being evaluated as a 
novel approach for management of localized PCa 
in clinical trials. This technique relies on high- 
energy laser light emitted from laser fibers placed 
through the perineum into the lesion, causing 
rapid heating and coagulation. The amount of tis-
sue destroyed relates to depth of light distribution 
and the amount of energy delivered to the sur-
rounding tissue and is regulated by the wave-
length of the laser fiber. The cylindrical diffuser 

tip varies in length from 10 mm to 40 mm, and 
optical fibers for light delivery range between 
300 μm and 600 μm in diameter [32]. The 15 W 
fiber is generally 400 μm in diameter, and the 
30 W fiber is 600 μm (Visualase® cooled laser 
applicator system, Medtronic, Dublin, Ireland). 
One advantage of laser compared with other 
energy sources is its MRI compatibility. In addi-
tion, because MRI is used for real-time guidance, 
inaccuracy inherent in image registration that 
may plague other modalities, such as HIFU, is 
avoided. Laser energy is predictable and precise 
and can be modulated in real time by the operator 
based on anatomic and temperature feedback 
from real-time MR thermography. With precision 
of both prostate lesion identification and laser 
energy delivery, in-bore FLA is well suited for 
targeted ablation (versus hemi-ablation or zonal 
ablation). For this reason, we suggest that this 
approach be reserved for MRI-visible lesions 
confirmed on biopsy.

The procedure is carried out in the MRI day 
surgery suite with deep sedation (intravenous pro-
pofol) and the patient in the supine position with a 
Foley urethral catheter placed for bladder drain-
age. Several unique MRI sequences are used 
throughout the treatment. Prior to needle insertion, 
T2-weighted and diffusion-weighted imaging 
(DWI) sequences are obtained to confirm anatomy 
and target location (Fig. 21.1a, b). To visualize 
needle placement intraoperatively, we use T1- 
weighted spoiled gradient echo, ultrafast gradient 
echo, and true fast imaging with steady-state pre-
cision (bSSFP) sequences (Fig. 21.1c) [33]. Our 
group has reported on identifying the catheter by 
instilling contrast in the catheter and visualizing it 
on spoiled gradient echo sequences. After con-
firming the cannula position, the obturator is 
exchanged for the optical fiber in the cooling 
sheath, and the laser source can then be activated 
for energy delivery. An initial low-power subther-
apeutic test dose is generally applied to check the 
position of the fiber and to confirm MRI thermog-
raphy. Real-time  thermal maps can be gathered 
using the proton resonance frequency (PRF) shift, 
which is based on gradient echoes with long 
TE. With three- dimensional processing, the ana-
tomic relation of the thermal map to the important 
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surrounding structures can be identified. Contrast-
enhanced sequence is used posttreatment to con-
firm ablation (Fig. 21.1d). A Foley catheter is 
generally left in place for 1–3 days.

Preclinical trials using 980 nm diode laser 
(Visualase) for thermal energy delivery for in- 
bore FLA have shown precise and predictable 
ablation zones [29]. In two separate phase I trials, 
efficacy was demonstrated in 47 patients who 
were treated using the transperineal approach 
with minimal or no side effects [34, 35]. Succ-
essful ablation at treatment site was reported in 
approximately 75 % of cases, and most of the 
patients with residual disease had low-risk dis-
ease, not visible on mpMRI at 4–6 months post-
treatment. Ongoing phase II transperineal clinical 
trial results at our institute (University of Toronto) 
and the University of Chicago are due in 2016. 
Our group at University of Toronto is presently 
using an MR-compatible mechatronic device  
for needle guidance [36]. In 37 consecutive 

 transperineal needle insertions using the 
 mechatronic device in the course of 10 focal laser 
ablation treatments, we reported a median needle 
guidance error of 3.5 mm and needle delivery 
time of 9 min [37]. Woodrum et al. reported suc-
cessful in-bore ablation of a 2.2 cm focus of 
recurrent tumor in the prostatectomy bed using 
interstitial laser via the transperineal route [38].

Initial results from 38 men treated with trans-
perineal focal laser ablation were presented from 
University of Toronto with a median follow-up of 
18 months [39]. Of the ablated tumors, 64 % 
were Gleason pattern 6 (3 + 3) with the remain-
der being Gleason pattern 7 (3 + 4). No cases had 
to be aborted and all were performed without 
requiring overnight hospitalization. There were 
no intraoperative complications, and postopera-
tive complications were predominantly urinary 
retention (three patients) and transient stress uri-
nary incontinence in one patient that resolved 
within 8 weeks. On follow-up biopsy, 47 % of 

Fig. 21.1 A 65-year-old man with Gleason 3+4 prostate 
cancer. (a) Axial T2WI. (b) ADC showing the contoured 
tumor in right apical peripheral zone. (c) Axial bSSFP show-

ing two transperineal cannulas in position. (d) Posttreatment 
contrast-enhanced images showing nonperfused ablated vol-
ume overlaid on the pretreatment tumor contour
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patients were completely cancer-free. An additional 
26 % of patients were clear of disease at the 
ablated site but demonstrated cancer in the con-
tralateral lobe, while another 26 % had persistent 
disease at the ablated zone. Erections were 
 minimally impacted as 96 % of men with good 
erections pre-laser ablation maintained their 
function.

In these 38 men, PSA declined by a mean of 
2.0 ng/ml from 5.6 to 3.6, and was inversely cor-
related to the ablation volume. Ablation volume as 
measured by immediate posttreatment gadolinium- 
enhanced MRI increased from 4.8 cm3 for the first 
ten patients to 8 cm3 in the last ten patients.

Medium- and long-term functional and onco-
logic control for transperineal focal laser ablation 
has yet to be established.

 Conclusion

Multiparametric MRI is ideally suited for guiding 
targeted treatment of prostate cancer due to its 
spatial resolution, real-time temperature monitor-
ing feedback, and ability to localize clinically sig-
nificant tumors. In-bore therapy avoids multiple 
image co-registration—required for ultrasound- 
guided treatments—which has an inherent margin 
of error. In-bore FLA is particularly advantageous 
due to its precise, predictable, and easily moni-
tored tissue destruction. Several drawbacks to in-
bore therapy are the cost associated with MRI 
time, prolonged anesthesia, and the challenge of 
using MRI-compatible instruments. These limita-
tions may deter uptake of MRI-guided in-bore 
FLA. Speeding up the procedure is vital to its 
cost-effectiveness and wider adoption. We believe 
that wider bore MRI machines, using MRI-
compatible robots for needle insertion and gener-
ating more efficient workflow processes are 
important areas for improvement.
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 Introduction

Prostate cancer is the second most common male 
cancer worldwide accounting for 15 % of cancers 
diagnosed in men [1]. Radical prostatectomy and 
whole-gland irradiation are considered traditional 
gold standards for cure. However, these modali-
ties are associated with significant posttreatment 
functional impairment due to the intimate rela-
tionship between the prostate and the urethral 
sphincter mechanism and the cavernosal nerves 
that affect penile erection [2]. The widespread use 
of these therapies has led to concerns regarding 
overtreatment and unnecessary exposure of men 
to functional impairment. Studies of the natural 
history of untreated prostate cancer have shown 
that the risk of cancer progression and mortality 
are heavily influenced by the Gleason grade of the 
cancer [3, 4]. Focal therapy was initially con-
ceived as a minimally invasive treatment with low 

morbidity for men with less aggressive prostate 
cancer, such as those with Gleason 3+3.

In the last decade, there has been increasing 
evidence that low-grade prostate cancer of the 
Gleason 3+3 or prognostic grade group (PGG) 1 
variety are slow-growing and unlikely to result in 
prostate cancer mortality if left untreated [5]. 
Current surveillance cohorts show a metastatic 
cancer rate of 0.4–2.8 % and a cancer mortality 
rate of 0.15–1.5 % at 10–15-year follow-up [6, 
7]. However, up to half of these men do eventu-
ally undergo treatment due to cancer progression 
[8]. The 12–18-month re-biopsy cancer upgrad-
ing rate can be as high as 21 %, suggesting that 
many of these men were undergraded as Gleason 
3+3/PGG 1 in the first place [9]. This undergrad-
ing is likely due to undersampling of the prostate 
gland with random, 12-core transrectal ultra-
sound (TRUS) biopsy as the diagnostic test [10]. 
Multiparametric magnetic resonance imaging, or 
mpMRI, with its ability to detect clinically sig-
nificant, or Gleason ≥3+4 cancer irrespective of 
location within the prostate gland, has trans-
formed patient selection for active surveillance 
[11]. The large-scale adoption of mpMRI in early 
prostate cancer has also allowed urologists to 
detect small foci of clinically significant cancer 
that could potentially be focally treated. If these 
lesions could be successfully ablated, the remain-
ing low-grade cancer could be safely monitored 
on active surveillance, thus sparing suitable men 
from the morbidity of radical treatment.
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There are many ablative modalities available 
today that can be delivered to prostate tissue. 
Herein, we discuss the principles and technology 
underpinning cryotherapy and how these syner-
gize with the principles and aims of focal 
therapy.

 Cryobiology and Technological 
Advances in Cryotherapy

Cryotherapy refers to the use of controlled local 
freezing to remove thermal heat and cause cellu-
lar death. The majority of initial cellular death 
arises from the physical effects of intracellular 
ice crystal formation that occurs initially at 
approximately −10 to 15 °C and maximally at 
−40 °C resulting in cell membrane rupture [12]. 
Extracellular ice removes water from cells that 
are not completely destroyed leading to an abnor-
mally high solute concentration. Subsequently 
during the thaw phase, microcirculatory failure 
negatively impacts the viability of any surviving 
cells in which mitochondria-related apoptotic 
pathways are activated [13].

The use of ice for treating inflammation has 
been known since the time of ancient Egyptians. 
The first recorded use of a salt-ice “frigorific” 
solution to freeze cancers was described by 
Arnott in 1950 [14]. Subsequent advances in 
chemistry permitted the use of liquid oxygen and 
then liquid nitrogen for treatment of superficial 
organs. Delivery of freezing temperatures to 
deep-seated organs only became possible when 
Cooper and Lee designed the first cryosurgical 
probe in 1961 comprised of a dual-lumen can-
nula with a hollow tip allowing for circulation of 
liquid nitrogen [15]. In 1974, Megalli et al. 
reported the first transperineal percutaneous 
prostate cryotherapy procedure using such a 
cryoprobe [16]. These early probes were large 
and required prostate dilatation prior to place-
ment, and the entire procedure was monitored 
with a finger in the rectum.

Modern prostate cryotherapy is vastly supe-
rior in terms of efficiency, accuracy, and safety 
compared to early efforts. The three key develop-
ments leading to modern cryotherapy since the 

2000s are the development of (1) transrectal 
ultrasound (TRUS) guidance systems, (2) third- 
generation cryogenic systems utilizing argon gas, 
and (3) protective urethral warming catheters. 
The development of high-quality TRUS systems 
has allowed cryosurgeons to harness a unique 
quality of ice, its extremely high acoustic imped-
ance, which results in reflection of up to 99 %  
of acoustic signals producing a characteristic 
appearance [17]. Direct visualization of the edge 
of the iceball allows the operator to control the 
extent of cryoablation and ensure that a good 
margin is achieved while avoiding the rectum, 
urethral sphincter, or the neurovascular bundles 
if so desired.

Argon gas cryotherapy probes operate on the 
Joule-Thompson effect whereby the rapidly 
decompressing argon within the needle tip loses 
heat rapidly to a nadir temperature of −186 °C. 
These needles also exchange for helium gas when 
the freeze phase is complete, resulting in a much 
faster thaw. Modern cryoprobes are smaller, eas-
ier to place, and through variable ice length 
adjustment allow the iceballs to be conformed to 
the shape of the intended ablation zone. Third, 
urethral warming devices protect the urethral 
mucosa from necrosis [18, 19]. When an effective 
warmer is used, the rates of incontinence and uri-
nary retention are significantly reduced, and the 
use of a warmer has now become standard of care 
in prostate cryotherapy [20]. Additionally, ther-
mocouples ensure that a lethal temperature of 
colder than −20 to −40 °C is achieved, while a 
safe temperature is maintained in the urethral 
sphincter and Denonvilliers’ fascia [21].

 Focal Therapy and the Application 
of Cryotechnology

Focal therapy is a concept whereby only the dan-
gerous focus of cancer within the prostate is 
destroyed, while vital collateral structures such as 
the urethra, urethral sphincter, and neurovascular 
bundles are spared. This would result in better 
sexual and urinary function outcomes compared 
to traditional whole-gland treatments that are 
often associated with significant functional 
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impairment. The pattern of ablation depends on 
the size of the lesion(s) to be treated, with the 
addition of an adequate margin, typically thought 
to be at least 5 mm from the edge of the known 
lesion [22]. Alternately, if the lesion is known to 
be isolated to one quadrant or hemi- gland, but the 
exact three-dimensional (3D) shape is unknown, 
a regional type of ablation can be administered 
(Fig. 22.1).

Cryotherapy is well suited for focal therapy 
for several reasons:

First, the transperineal approach allows excel-
lent access to all regions of the prostate, includ-
ing the anterior zone, where 20–30 % of prostate 
cancers arise.

Second, variable-length cryoprobes allow the 
shape of the iceball to be adjusted to create the 
desired ablation zone.

Third, the extent of ablation can be monitored 
in real time under TRUS guidance, allowing the 
operator precise control of margins.

Fourth, thermocouples allow real-time moni-
toring of nearby vital structures such as the 
 urinary sphincter and neurovascular bundles, 
ensuring their safety, while monitoring of the 
ablation zone itself allows the operator to be cer-
tain of lethal ablation temperatures.

Fifth, the use of a urethral warming device 
prevents urethral injury and reduces urinary- 
related complications compared to other ablative 
modalities.

Finally, cryotherapy is a minimally invasive, 
often pain-free outpatient procedure and can be 
repeated if necessary with low morbidity.

 The Focal Prostate Cryotherapy 
Procedure

Focal cryotherapy is usually performed in the 
operating room under general or spinal anesthe-
sia, though there have been reports of doing it 
under local anesthesia (Fig. 22.2). The patient is 
placed in the lithotomy position. A biplanar TRUS 
probe, mounted on a holder and placed into the 
rectum, is used to visualize the prostate and mea-
sure its dimensions. The variable length cryo-
probes are then adjusted to create the length of the 
iceballs according to the prostate measurements. 
They are placed into the prostate using a template 
biopsy grid as a holder. Cryoprobe positions are 
checked on ultrasound in both transverse and sag-
ittal planes. Thermocouples are placed typically 
at the external sphincter and the Denonvilliers’ 
fascia, though additional probes may be placed at 
the neurovascular bundles or at the margin of the 
planned ablation zone as needed. Flexible cystos-
copy is then performed to check that the urethra 
has not been traversed by the cryoprobes. A ure-
thral warmer is placed over a super-stiff guide-
wire. Freezing is performed under real-time 
ultrasound and temperature monitoring followed 
by an active thaw. Two freeze- thaw cycles are 
typically performed to ensure complete cell kill 
within the ablation zone. The cryoprobes are 
removed after the final thaw, and the urethral 
warmer is exchanged for a Foley catheter that will 
be usually kept for several days. The patient is 
usually discharged home on the same day.

 Contemporary Focal Cryotherapy 
Series

Focal cryotherapy was first described by Onik 
et al. in 1997 as a form of hemi-ablative treat-
ment and since then has been the most widely 
used modality for focal therapy in the United 

Fig. 22.1 Patterns of focal cryoablation. (a) Image- 
guided targeted/lesional ablation; (b) quadrant-ablation; 
(c) hemi-gland ablation; (d) anterior gland ablation

22 Focal Cryotherapy
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States. Several focal cryotherapy series have 
since been reported, mostly utilizing hemi-gland 
ablations. However, like the rest of the focal ther-
apy literature, there is significant heterogeneity in 
patient selection, inclusion criteria, use of imag-
ing, and follow-up. These factors play a signifi-
cant role in interpreting the outcome of focal 
treatments. For example, many low-volume, 
low- grade cancers may do as well on surveil-
lance as on treatment. On the other hand, high-
grade cancers are more likely to exhibit local or 
systemic spread, and inclusion of such patients 
worsen the oncological outcomes of focal therapy. 

The use of mpMRI and the extent/intensity of the 
biopsy impact the accuracy of grading the cancer. 
The traditional definition of recurrence using 
prostate- specific antigen (PSA) is less reliable 
when a large portion of glandular tissue remains 
viable (i.e., the benign or untreated area) and 
 PSA- producing after treatment. After focal ther-
apy, a follow-up biopsy or imaging study may be 
much more informative with regard to cancer 
recurrence.

A recent systematic review of focal cryother-
apy yielded eight cohort studies including a total 
of 435 men and one report from the Cryo On-Line 

Fig. 22.2 Focal cryoablation procedure. (a) Biplanar 
ultrasound probe is placed in the rectum. (b) Variable 
length cryoprobes are set to prostate measurements. (c, d) 
An anterior ablation pattern is being used here with four 
probes in the anterior prostate. (e) The ice in the anterior 
prostate. The leading ice edge has a hyperechoic rim and 
can be easily monitored. (f) Console readout showing 

lethal temperature in the anterior apex and safe tempera-
tures in the external sphincter (ES) and the right neurovas-
cular bundle (RNVB). You may view the full video at: 
http://www.liebertpub.com/videourology. Used with per-
mission from: Tay KJ, Polascik TJ. Anterior Prostate 
Cancer Cryoablation: A function-preserving technique. 
Journal of Endourology, Part B: Videourology
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Data (COLD) registry of 1140 men [23]. Using 
the D’Amico risk criteria, 52 % of the men were 
low risk, 38 % intermediate risk, and 10 % high 
risk [24]. Three cohorts reported using transperi-
neal template mapping biopsy (TTMB), one 
included mpMRI, and the remainder used con-
ventional TRUS biopsy to select men for focal 
treatment. The reported biochemical recurrence- 
free survival rate ranged from 71 to 98 %. Among 
the five cohorts that stipulated a mandatory 6–12- 
month posttreatment biopsy, 216 of 272 men 
(79 %) did undergo biopsy, with 47 positive 
(21.8 %). Of these positive biopsies, approxi-
mately a third were infield or treatment zone 
recurrences, suggesting inadequate ablation. 
Overall, two men had metastatic disease and 
none died of prostate cancer. Posttreatment conti-
nence rates were excellent (96–100 %). The rate 
of posttreatment urinary retention ranged from 0 
to 15 %, and the rate of rectourethral fistula was 
0–0.1 %. A summary of contemporary focal 
cryotherapy studies are presented in Table 22.1 
[25–32].

Cryotherapy used in a whole-gland setting is 
traditionally associated with high rates of erectile 
dysfunction. The majority of prostate focal 
 cryotherapy has been applied in a hemi-ablative 
fashion, resulting in the sacrifice of at least 1 
neurovascular bundle. In the reviewed focal 
cryotherapy cohorts, reported rates of potency 
ranged from 58 to 100 %. In a matched compari-
son of low-risk prostate cancer patients undergo-
ing focal or whole-gland cryotherapy, Mendez 
et al. found that focal therapy was associated 
with significantly better erectile function rates 
compared to whole-gland therapy (68.8 % vs. 
46.8 %) [33]. In another matched comparison of 
intermediate- risk prostate cancer patients, where 
more aggressive ablation is expected, the 
12-month rate of successful sexual intercourse 
for men undergoing focal therapy was twice that 
of men undergoing whole-gland ablation [34]. 
Of course, if a patient undergoes a more targeted 
ablation of a specific lesion, or an anterior gland 
ablation whereby the lesion is located far from 
the neurovascular bundles, the potency rate is 
much higher.

 Conclusion

 Future Developments

Developments in image guidance have caused a 
paradigm shift in the application of focal thera-
pies. Whereas the majority of focal cryotherapy 
series have used hemi-ablation, with the advent 
of mpMRI, it has become possible to visualize 
cancer foci, sample them with MRI-TRUS fusion 
biopsy, and define the exact target volume within 
the gland that needs to be treated. By defining the 
ablation target accurately in relation to collateral 
sphincter and neurovascular structures, better 
functional outcomes could be achieved. Further-
more, the same MRI-TRUS fusion platforms can 
be brought to the operating room to direct cryo-
therapy probes. While such MRI- directed thera-
pies have been available in-bore, the ability to 
bring advanced imaging-based targeting into the 
operating room improves the accessibility of the 
procedure and reduces valuable magnet time. 
Multiparametric MRI is heavily equipment and 
reader dependent with wide variations in perfor-
mance characteristics within the community [35]. 
MRI-TRUS fusion also comprises many moving 
parts and requires the operator to recognize and 
adjust for technical limitations in order to achieve 
successful fusion [36]. Currently, high-quality 
mpMRI and fusion biopsy are available at cen-
ters of excellence and may be less accessible to 
the wider community. However, these limitations 
will be overcome as experience in using this 
technology grows.

The development of MRI-fusion technology 
has laid the foundation for application of other 
advanced imaging technologies to better stratify 
prostate cancer and direct ablative therapies. 
While positron emission tomography/computed 
tomography (PET/CT) and MRI-fusion have 
been used mainly in identification of metastatic 
cancer, axial imaging fused with detection of 
novel small molecules linked to prostate-specific 
membrane antigen (PSMA) is able to identify 
intraprostatic cancer foci at high resolution [37]. 
Whether these tools add value to existing target-
ing methods remains to be elucidated.
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Since the 2000s, the majority of cryotherapy 
devices employ the third-generation technology 
described in the second section of this chapter. 
Continued efforts to improve cryoprobes have 
led to prototypes that may allow for faster freeze 
and thaw times and more efficient use of gases 
that can potentially reduce procedure times and 
reduce costs. These benefits remain to be defined 
in clinical trials.

Last, multidisciplinary efforts have led the 
rapid growth in the field of prostate cancer oncol-
ogy in the last decade. Trials exploring multimo-
dality treatments have led to a better understanding 
of the optimal sequencing of radiation, surgery, 
and systemic modalities, which now occur in tan-
dem rather than in isolation. The field of breast 
focal therapy, or “lumpectomy” as breast sur-
geons term it, began in the setting of adjuvant 
whole-gland treatment with irradiation, whereas 
prostate focal therapy stopped with “male 
lumpectomy” alone [38]. With better understand-
ing of low-risk prostate cancer, focal surgeons 
have increasingly embraced the idea of treating 
just the focus of intermediate-/high-grade cancer 
within the prostate while placing the remainder 
of the gland with low-grade cancer on active sur-
veillance. However, even in the active surveil-
lance arena, there is great interest in the used of 
vaccines or other systemic therapies to reduce the 
risk of cancer progression. To complete its role as 
an active surveillance “extender,” investigation 
in this area should encompass the use of adjunc-
tive drugs, vaccines, or cold-ablation adjuvants 
in improving oncological outcomes of focal 
cryotherapy.
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 Introduction

Photodynamic therapy (PDT) uses directed light 
of a specific wavelength to activate a photosensi-
tizing drug. The activated drug then interacts 
with molecular oxygen to form reactive oxygen 
species, and it is these that are responsible for 
localized tissue destruction. Phototherapy, the 
use of light in treating disease, has been in use for 
many centuries, with heliotherapy (sun worship) 
reported by Hippocrates as a way of building up 
wasted muscles. Modern phototherapy includes 
the use of visible light to breakdown bilirubin in 
babies with neonatal jaundice.

Photochemotherapy involves the use of light 
and drug in combination. This was described in 
ancient India as a treatment for vitiligo. The 
leaves of the plant Psoralea coryfolia were eaten 
and the patient then sat in sunlight. These leaves 

are now known to contain furocoumarins, which 
are the active ingredient in contemporary agents 
used for the treatment of psoriasis.

Photodynamic therapy is a further subset of 
photochemotherapy, where oxygen is required 
for the effect to take place. The first modern sci-
entific experiment was performed by a medical 
student, Oscar Raab, and his supervisor Hermann 
von Tappeiner [1]. They observed that paramecia 
given the biological dye acridine survived for ten 
times longer in a thunderstorm than in an identi-
cal experiment in light conditions. They con-
cluded that the thunderstorm had reduced the 
light to the paramecium, reducing the photody-
namic effect. Further work showed that oxygen 
was necessary for the effect to take place [1].

In 1903 Niels Rydberg Finsen, considered the 
father of modern photodynamic therapy, was 
awarded the Nobel Prize for his work on lupus vul-
garis, a tubercular skin condition common in 
Nordic countries. He set up the Medical Light 
Institute in Copenhagen. Queen Alexandra brought 
Finsen’s work to England and set up the Light 
Department in the London Hospital, Whitechapel.

While popular in the early 1900s, photody-
namic therapy then fell out of practice somewhat 
until the early 1960s when Lipson showed that 
hematoporphyrin localized in tumors and gave a 
red fluorescence [2]. His initial report included 
the use of hematoporphyrin in both diagnosis and 
treatment of cancer, but a later report only men-
tioned the diagnostic aspects.
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In 1978 Thomas Dougherty, at Roswell Park, 
USA, reported the first clinical case series of 
PDT for cancer. Twenty-five patients with a range 
of skin or subcutaneous tumors were treated, 
including a prostate metastasis, and the authors 
“found no type to be unresponsive.”[3].

The development of photosensitizers contin-
ued over the next decades, accompanied by 
developments in light delivery devices.

 Photosensitizer Development

Hematoporphyrin, one of the photosensitizers 
popular from the 1960s onward, was derived 
from dried blood, which was treated with sulfuric 
acid. The difficulty in using dried blood lays in 
the variability of the concentration of the active 
ingredient. This problem led to a number of 
groups working to develop alternative photosen-
sitizers, which could be manufactured in a more 
reliable form. These can be classified into a num-
ber of different groups, based on their chemical 
structure. The groups include hematoporphyrins, 
e.g., hematoporphyrin derivative (HpD); chlo-
rins, e.g., meso-tetra hydroxyphenyl chlorin 
(mTHPC); phthalocyanines, e.g., aluminum 
phthalocyanine (AlS2Pc); purpurins, e.g., tin 
ethyl etiopurin (SnET2); and protoporphyrin IX 
pathway agents (including aminolevulinic acid 
[ALA], familiar to many urologists for its use in 
photodynamic diagnosis of bladder cancer).

Another way to classify the photosensitizers is 
by the timing and mechanism of activation. This 
can be used to divide photosensitizers into tissue- 
activated or vascular-activated photosensitizers. 
Tissue-activated photosensitizers used in prostate 
cancer, either in preclinical or clinical work, 
include tin ethyl etiopurin (SnET2), aluminum 
phthalocyanine (AlS2Pc), and meso-tetra 
hydroxyphenyl chlorin (mTHPC). These photo-
sensitizers are activated when they have reached 
maximal concentration in the tissue to be treated. 
Some photosensitizers will be preferentially con-
centrated in tumor rather than benign tissue, but it 
is now recognized that tumor selectivity also can 
be achieved by selective activation of the photo-
sensitizer by placement of light delivery fibers in 

the required treatment volume. Tissue-activated 
photosensitizers tend to require time to accumu-
late in the tissue where they are activated; this 
gives rise to a drug-light interval of hours to days. 
From a clinical perspective, this usually means 
two separate hospital visits—the first for the pho-
tosensitizer administration and the second for 
light dose administration to activate the photo-
sensitizer. These tissue-activated photosensitiz-
ers are also associated with the activation of 
accumulated photosensitizer in the skin and eyes, 
by daylight or artificial indoor lighting. As these 
photosensitizers can take a number of weeks to 
clear completely, light protection measures need 
to be taken to avoid a sunburn-like reaction. 
While this may be acceptable for those with 
advanced cancer refractory to other treatment, for 
a man with early prostate cancer, the need for 
such precautions would preclude the use of these 
agents for photodynamic therapy.

The light dose for vascular-activated photo-
sensitizers is given when the photosensitizer is at 
maximal concentration in the vasculature of the 
tissue to be treated—with a drug-light interval, 
which is typically a few minutes. This means that 
the entire treatment can be carried out in one clin-
ical visit. In addition, these photosensitizers tend 
to be cleared rapidly from the circulation, so that 
light protection measures do not need to be con-
tinued once the patient has left hospital. The 
vascular- activated photosensitizers that have 
been used in preclinical and clinical work in 
prostate cancer are from the palladium bacte-
riopheophorbide family: Tookad® (WST-09) and 
Tookad® Soluble (WST-11).

 The Ideal Photosensitizer

The ideal photosensitizer would be one that is 
inexpensive to manufacture, stable at a range of 
temperatures, and can be given easily as an intra-
venous or oral preparation. In addition, it would 
be able to be activated by different wavelengths 
of light, such that shorter wavelengths could be 
used to activate the drug at a short distance from 
the illuminating fiber (e.g., for the activation of 
ALA in the mucosa) and at a longer wavelength 
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for interstitial treatment (where the penetration 
depth of the light is likely to influence the depth 
of PDT effect that can be achieved).

 Light Delivery Devices

The first light delivery devices for skin-based 
photodynamic therapy were simple lamps, deliv-
ering white light (a broad spectrum of wave-
lengths). A photosensitizer is generally able to 
absorb light at very specific wavelengths; while 
more than 1 wavelength may be practical for the 
activation of the drug (e.g., aminolevulinic acid 
can be activated by green or red light [4]), it is 
commonest for a single wavelength of light to 
have maximal photodynamic efficiency (e.g., to 
produce the most reactive oxygen species for a 
given drug dose.) This single wavelength can be 
given most efficiently using a laser that can be 
directed along optical fibers. These can be used 
as “bare-ended” fibers, where the light comes 
out at the end, like a flashlight. The light dose is 
usually given in joules per square meter (J/cm2) 
for this sort of fiber as the light is distributed in 
all directions from the end of the fiber. The fibers 
also can be modified to allow light delivery along 
a given length (e.g., 1–5 cm) at the distal end of 
the fiber; the light delivery from a cylindrical dif-
fuser is like a “strip light.” The light dose for 
these fibers is most commonly given in J/cm of 
active fiber length. For the treatment of superfi-
cial lesions, either on the skin or within a hollow 
organ accessible by endoscopy, a bare-ended 
fiber can be used for light delivery. In solid 
organs, including the prostate, it is commoner 
for cylindrical diffusers to be used. It is impor-
tant to note that the light dose for photodynamic 
therapy is not intended to have a thermal effect 
but to simply activate the photosensitizing drug. 
It is therefore a much lower light dose than 
would be used for other prostate applications 
such as potassium titanyl phosphate (KTP) laser 
for prostate ablation (green light laser), holmium 
laser enucleation of the prostate (HoLEP), or for 
stone destruction.

In preclinical studies of PDT for prostate can-
cer, light delivery was sometimes done by the 

insertion of fibers at laparotomy. This would be 
impractical in clinical use, and so to assess the 
clinical applicability of prostate photodynamic 
therapy, both transperineal and transurethral 
delivery were explored in the canine model. 
While each of the approaches could be used to 
cause prostatic ablation, transurethral light deliv-
ery was associated with an increase in urinary 
symptoms, and, particularly, urethral strictures, 
and has not been evaluated for the clinical treat-
ment of prostate cancer [5]. It is, however, of 
interest in the treatment of benign prostate 
enlargement for the treatment of lower urinary 
tract symptoms [6]. While early clinical work in 
prostate photodynamic therapy used freehand 
transperineal placement of bare-ended optical 
fibers, the technique has now evolved, making 
use of developments in prostate brachytherapy 
delivery. It is now standard practice to use a step-
per device to hold the transrectal ultrasound 
(TRUS) and a transperineal template to aid fiber 
placement, in a manner similar to that used for 
high-dose-rate brachytherapy (Fig. 23.1).

 Vascular-Activated Photosensitizers 
for Prostate Cancer

 Preclinical Animal Studies

The Tookad family of photosensitizers has been 
developed at the Weizmann Institute, Israel, 
where Avigdor Scherz led the preclinical work on 
the drug derived from a bacteriochlorophyll 
derivative. The addition of palladium gave photo-
stability to the drug [7]. Once the in vitro work 
had established that Tookad resulted in cell death, 
the first animal studies using implanted gliomas 
were carried out by Yoram Solamon and his team 
[8]. This showed that not only was the photosen-
sitizer effective at the local treatment of the 
implanted tumors but that it was also associated 
with a greater chance of cure than surgery. It is 
thought that this may be because of the immune 
reaction that can occur with PDT and allow sus-
tained antitumor activity [9]. Further work was 
done assessing the effect of Tookad PDT in a 
human prostatic small-cell model [10].
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When early work had shown promise in the 
use of Tookad as a treatment for cancer in small 
animal models, it was necessary to carry out stud-
ies in a larger animal model with prostate anat-
omy relevant to that in the human. The dog has 
the prostate structure closest to that seen in the 
human and is the commonest model used in the 
evaluation of prostate ablative techniques. The 
disadvantage of this model is that there is no 
prostate cancer model in the dog, so most groups 
use the benign prostate. There have been a few 
reports of prostate photodynamic therapy used to 
treat naturally occurring prostate cancer in the 
dog [11, 12], including one report of a vascular- 
activated photosensitizer [13].

The canine work with the palladium bacte-
riopheophorbide photosensitizers used a laparot-
omy approach to insert the optical fibers [14]. 
The first report used both superficial illumination 
and an interstitial approach to deliver light to the 
prostate; at the same time, light was delivered to 
the serosal surfaces of the colon and bladder in 
order to estimate the effect that unintended light 
delivery in these areas might have in the clinical 
setting. Temperature monitoring was done during 
treatment, and a maximum temperature rise of 
0.9 °C was noted, confirming that the post- 
procedure effects seen were not due to a thermal 
laser effect. Sixteen dogs were studied, including 

one dog given drug only, one dog given the light 
dose only, and a third control dog receiving nei-
ther drug nor light. The drug dose was 2 mg/kg 
for all the dogs who received it, while the light 
dose varied from 50–200 J/cm for interstitial 
light delivery given using cylindrical diffusers 
and 100–200 J/cm2 for superficial illumination 
using a bare-ended fiber [14].

None of the dogs had urinary retention, or any 
apparent urine symptoms following the proce-
dure. No effect was seen in any of the control 
dogs. The treated prostates harvested at 1 week 
showed acute hemorrhagic necrosis with patchy 
subcapsular hyperemia and marked edema, with 
the volume of lesion correlating with the light 
dose given. One prostate was harvested at 
4 weeks, when the volume of the lesion was seen 
to be smaller than for the same dose parameters 
when harvested at 1 week. In the two prostates 
harvested at 3 months, significant reduction in 
gland volume and scarring were seen, suggesting 
that healing of lesions occurs over time [14].

Direct illumination at 40 J/cm2 to areas within 
the bladder showed mild hemorrhage and edema 
on histopathological examination, but without 
evidence of necrosis. The colon showed similar 
changes at the same direct light dose, while a 
dose of 80 J/cm2 resulted in mucosal ulceration at 
1 week, but without perforation. When the effects 

Fig. 23.1 Setup for vascular-targeted photodynamic ther-
apy procedure. (a) Setup of the apparatus for vascular- 
targeted photodynamic therapy. The transrectal ultrasound 
is in position, with the transperineal template clearly seen. 

The optical fibers are placed within the hollow plastic 
needles, which are seen protruding from the template. 
(b) The needles are viewed on ultrasound, while they are 
being positioned in the prostate

C.M. Moore and M. Emberton



297

of a scattered light dose to the colon or bladder, 
such as might occur from unintended light dose 
given at the time of light delivery to the prostate, 
no histopathological effect was seen [14].

This work then formed the basis of a number 
of other canine studies, prior to the initiation of a 
clinical program. Due to the interest in treating 
men with recurrent prostate cancer following 
radiotherapy, one of these studies pretreated dogs 
with ionizing radiation to the prostate prior to 
WST-09 PDT [15]. Four dogs were given a total 
of 70 Gy in 20 fractions over 4 weeks. After an 
interval of 20–23 weeks, WST-09 PDT was 
given, using a maximum of 1 cm diffuser fiber 
per lobe, at the same drug dose (2 mg/kg) and 
light doses of 50, 100, and 200 J/cm. Again, no 
dogs experienced urinary retention or evidence of 
urinary symptoms, although traces of blood were 
seen on urinalysis at 24 h.

The lesion size was seen to correlate with the 
light dose given, with diameters ranging from 12 
to 28 mm, across the spectrum of light doses, 
with some variation within each light dose group. 
The length of lesion was longer than the diffuser 
fiber, particularly at the higher light doses (10–
18 mm in length). Histopathological examination 
of all four animals at 1 week showed identical 
features to the lesions seen in the dogs that had 
not had previous radiotherapy. Chronic fibrosis, 
due to the radiotherapy, was clearly distinguish-
able from the acute PDT effect. Interestingly, 
even when the urethra was within the treatment 
zone, no urethral effect was seen [15]. This work 
formed the basis of the salvage PDT studies car-
ried out in men with radiorecurrent prostate can-
cer in Canada and is discussed in detail in the 
next section.

Another aspect that was explored in the 
canine studies was the posttreatment assess-
ment of vascular- targeted photodynamic therapy 
(VTP) effects with the use of imaging, in the 
form of magnetic resonance imaging (MRI) [16]. 
Five dogs had T2-weighted, dynamic contrast- 
enhanced (DCE), and diffusion-weighted (DWI) 
imaging performed prior to Tookad PDT and 
then at 2 days (one dog), 7 days (five dogs), and 
1 month (one dog). For reasons that are not clear, 
a lower drug dose of 1 mg/kg was used in these 

animals, with light delivery at 50–300 J/cm, using 
a 1 cm cylindrical diffuser. Four of the prostates 
were harvested at 1 week, and one at 1 month, 
and 3 mm step-section whole-mount histopatho-
logical correlation with the MR images was per-
formed. It was seen that the gadolinium- enhanced 
images gave the most accurate correlation with 
the histopathologically defined volume of effect, 
and this led to the use of a 1-week contrast- 
enhanced scan to define the volume of effect in 
the clinical studies. DCE-MRI showed a central 
zone of lack of uptake of gadolinium, surrounded 
by an outer zone of increased enhancement. This 
effect has also been reported in clinical MR stud-
ies following high-intensity focused ultrasound 
(HIFU) treatment [17]. The WST-09 canine 
study showed that the central non-enhancing area 
was an area of acute hemorrhagic necrosis with 
hyperemia and marked edema [14]. The outer 
ring, seen as enhancing tissue on DCE-MRI, 
was characterized by atrophic glandular tissue, 
patchy mononuclear cell infiltration, fibromuscu-
lar hyperplasia, neovascularization, edema, and 
dilated glandular structures. The histopathologi-
cal changes seen at 1 month (n = 1) were partial 
resolution of necrosis with some fibrosis and 
atrophy, and these were seen as non-enhancing 
areas on MRI.

A concern in any treatment for prostate cancer 
is the potential effect on the nerves involved in 
erections. There had been some suggestions with 
other photosensitizers that PDT may be “nerve 
sparing,” either because the drug or light dose 
may not be able to get into the nerves. This had 
been noted with both animal studies [18–20] and 
clinical studies [21]. A study looking at the effect 
of WST-09 PDT on peripheral nerves in a canine 
saphenous nerve model did, however, show a 
dose-dependent effect of PDT on the nerve, with 
effects seen using direct irradiation at a dose of 
100–200 J/cm2 in combination with a drug dose 
of 1–2 mg/kg [22]. The nerve changes were not 
seen immediately, but were apparent on both 
stimulation testing and histological examination 
at 1 week.

This substantial body of canine work enabled 
the introduction of WST-09 PDT into the clinical 
arena. The first studies were carried out in 
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 radiorecurrent prostate cancer following defini-
tive radiotherapy, and these will be discussed in 
detail in the following section.

 Clinical Studies in Men 
with Radiorecurrent Prostate Cancer

The first in-man study using WST-09 for prostate 
cancer was carried out by Trachtenberg and col-
leagues in men with radiorecurrent prostate can-
cer in three centers in Canada [23]. Radiorecurrent 
prostate cancer was suspected on the basis of 
three consecutive rises in prostate-specific anti-
gen (PSA) and confirmed on transrectal biopsy. 
Organ-confined disease status was assigned fol-
lowing digital rectal examination (DRE), com-
puted tomography (CT), and bone scanning. The 
initial part of the study involved a drug dose esca-
lation phase, where groups of three men were 
given a drug dose of 0.1, 0.25, 0.5, 1, and 2 mg/
kg, respectively. Those in the first phase of study 
received a fixed light dose of 100 J/cm. The sec-
ond part of the study, reported separately, 
involved a light dose escalation phase for men 
treated at the 2 mg/kg dose, with escalation to 
doses of 230 J/cm and 360 J/cm [24].

The VTP procedure was carried out under 
general anesthetic, with the patient in the lithot-
omy position. Prophylactic antibiotics were given 
prior to the procedure. A urinary catheter con-
taining a light detector was inserted into the blad-
der. A transrectal ultrasound was placed in the 
rectum, and secured within a stepper, which 
allowed movement in the x, y, and z axes. After 
appropriate skin preparation, and with the use of 
a transperineal template designed for use in pros-
tate brachytherapy, the light delivery catheters 
were inserted into the prostate. These catheters 
were again designed for use in prostate brachy-
therapy and required a track to be made in the 
prostate using a sharp metal needle. This sharp 
needle was then removed, and the hollow plastic 
catheter with a metal inner needle was inserted 
along the track. Once the positioning of the cath-
eter was seen to be satisfactory on ultrasound, the 
inner needle was removed. Measurements of the 
catheter within the prostate allowed an appropri-

ate length of cylindrically diffusing fiber to be 
selected from the available lengths of 1–4 cm, in 
0.5 cm increments. A hydrodissection procedure 
was carried out to increase the space between the 
rectum and prostate, with the intention of reduc-
ing the light available in the rectum, and so 
reduce the risk of activation of any drug in the 
rectum, which could result in a rectourethral 
injury [23, 24].

Optical monitoring fibers were placed in the 
prostate and rectum, as well as the one in the uri-
nary catheter. Once the planned fibers had been 
inserted, optical measurements were taken. If the 
light dose in the rectum was greater than 10 % of 
that in the prostate, then fibers would be removed 
or repositioned until the rectal fluence fell below 
this level. Once the fiber positioning was final-
ized, the drug infusion begun. The light dose was 
then given between 6 and 10 min after the end of 
the infusion [23, 24]. In the first studies, blood 
samples were taken to assess the peak concentra-
tion of the photosensitizer. These showed that the 
photosensitizer concentration peaked at the end 
of the infusion and then cleared with a half-life of 
about 20 min [23].

Skin sensitivity, previously a significant disad-
vantage to systemically administered photosensi-
tizers, was formally assessed by Trachtenberg’s 
group [25]. Men were kept in dimmed light for 
24 h after photosensitizer administration, and skin 
photosensitivity testing was carried out using a 
solar simulator directed at small areas of skin, on 
the back of each patient, at 3, 12, and 24 h post-
PDT. The areas were then assessed for photosensi-
tivity reactions at 24, 48, and 72 h post-PDT. Patients 
were advised to wear dark clothing and wave-
length-specific protective eyewear for 7 days after 
the photosensitizer infusion, although they were 
discharged from hospital at 24 h post-procedure. 
No skin response to ultraviolet (UV)-negative 
light was seen at any time point, for skin exposures 
of up to 128 J/cm2 and the maximum drug dose of 
2 mg/kg. An assessment was also made with 
UV-positive light, which, at a high enough dose, 
would cause a skin reaction in the absence of a 
photosensitizer. This was intended to see if the 
photosensitizer would potentiate the effect of the 
UV light and cause a greater extent of “sunburn” 
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reaction than would be expected from the light 
alone. This was not the case at any of the light acti-
vation doses, or time points tested [25]. This work 
allowed for the relaxation of the light protection 
rules in the clinical work that followed, so that 
patients could be discharged on the day of the pro-
cedure without restrictive light protection require-
ments being needed.

The outcomes of the post-radiotherapy studies 
were reported in a number of different publica-
tions [23–25]. The first report, of the first 24 men, 
reported the volume of effect as seen on 1 week 
gadolinium-enhanced MRI, as well as targeted 
transrectal biopsies to the lesion and serial PSA 
measurements [23]. They noted that those treated 
at the lower drug doses of 0.1, 0.25, and 0.5 mg/
kg did not show any evident effect on any of the 
parameters. At both 1 and 2 mg/kg, effects were 
seen, with all six men in the 2 mg/kg group show-
ing an effect at the highest light dose. No serious 
adverse events were noted, with only two men 
not regaining normal urination by day 7. In those 
men with more than a 20 % response on MR cri-
teria, there was a significant decrease in urinary 
function as determined by the International 
Prostate Symptom Score (IPSS) and Patient- 
Oriented Prostate Utility Scale at 1 month, but 
this gradually returned to baseline by 6 months. 
A drop in blood pressure at 5 min after the infu-
sion of the drug was seen in 12 men, but this 
responded promptly to fluids and/or vasopres-
sors, and no adverse events related to hypoten-
sion were recorded [23].

Thermal recordings in this first in-man study 
confirmed that there was no significant tempera-
ture rise during treatment, and so intraprostatic 
temperature measurements were omitted from 
further clinical work [23].

The PSA response was seen to be negligible in 
those men who had less than a 20 % VTP effect 
at 1-week MRI. In those men who had the highest 
drug and light dose (six men) and had a greater 
than 20 % effect at 1-week MRI (five men, 
deemed responders), there was a PSA response 
where the PSA decreased to negligible levels fol-
lowing the procedure in four men, while the fifth 
man showed a significant but transient PSA 
response [23].

The next publication looked specifically at 
the MR imaging appearance following PDT 
for men within the light dose escalation phase 
[26]. Twenty-five men treated at 2 mg/kg were 
reported in this study, with three men excluded 
as they did not complete imaging follow-up, two 
of whom did not undergo the 6-month biopsy. 
The imaging analysis was therefore of 25 men, 
and the biopsy analysis of 26 men. Contrast-
enhanced images were taken immediately after 
(dynamic contrast- enhanced) and at 10 min after 
the administration of the contrast agent gadopen-
tetate dimeglumine (Magnevist). Confirming the 
results seen in the canine studies, the treatment 
effect on T2-weighted imaging was somewhat ill 
defined at 1 week, and contrast imaging gave the 
most useful information. A measurement of the 
percentage of VTP effect was calculated as the 
volume of non-enhancing tissue outlined from 
planimetry-based calculations of the region of 
interest on sequential MR images, divided by the 
whole prostate volume derived in a similar man-
ner. The effect was noted to be between 0.9 % 
and 80 %, and varied with the light dose used. 
The maximal VTP effect was seen at 1 week in 
the majority of men [26].

Some of the men showed discontinuous 
effects, which were unexpected, with apparent 
preservation of tissue between treated areas. 
Urethral preservation was seen in ten men, when 
the treatment plan predicted a urethral effect in 
24 of the 25 men. Fifteen men showed a lack of 
enhancement of the urethra at 1-week MRI—the 
reasons for the difference in responsiveness of 
the urethra in some men are not clear, although it 
may be related to the urethral blood supply [26].

Irregular treatment margins were noted, with 
the majority of men (22/25) showing some extra-
prostatic effects, which were not always contigu-
ous with the intraprostatic effects. Involvement 
of the puborectalis or levator ani muscles was 
seen in 22 of 25 men, involvement of the obtura-
tor internus in three men, and involvement of the 
anterior rectal wall in nine men. These extrapros-
tatic changes had resolved in over two-thirds of 
the men by the 6-month scan. Bone marrow 
changes in the pubic bone were seen in four men. 
These changes were not visible at 1 week, partially 
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visible at 4 weeks, and maximally visible at 
6 months. There did not seem to be any associa-
tion with clinical symptoms with these bone 
changes [26].

The rectal wall changes were seen on the 
1-week MR scans as loss of enhancement of the 
outer rectal wall (muscularis propria) in seven 
men with partial involvement of the mucosa in 
two men. One of these men developed the clini-
cal symptoms of a fistula, although none was spe-
cifically detected on MR imaging or cystoscopy. 
The symptoms resolved with conservative man-
agement. In those men in whom asymptomatic 
rectal wall involvement was noted on MR imag-
ing at 1 week, these changes had resolved by the 
scan at 6 months, with associated scarring and 
reduction in volume of the prostate [26].

Assessment of VTP effect in fat was not pos-
sible, due to the poor enhancement of fat in the 
pre-VTP images. The neurovascular bundle was 
assessed on imaging criteria as spared in all men. 
In two patients, the 6-month scan showed a 
urine- filled cavity within the prostate. There was 
an attempt by the authors to correlate the volume 
of changes seen on the 1-week MRI with serial 
PSA changes post-procedure; however, only 
moderate correlation with change in PSA was 
seen with no definitive correlation with absolute 
PSA levels [26].

A subsequent paper assessed the clinical out-
comes of the use of computer-aided treatment 
planning to get a complete response in the 28 
men who received the optimal drug dose of 2 mg/
kg WST-09 [24]. The treatment planning itself is 
described by Davidson in a later publication [27].

A complete response was attributed on the 
basis of a biopsy negative for cancer at 6 months. 
It was noted that a complete response required a 
delivered light dose of at least 23 J/cm2 to at least 
90 % of the prostate volume, but that, in the 13 
patients who received this dose, only eight had 
negative biopsies. These eight men had a signifi-
cant decrease in PSA, with negligible PSA levels 
in those men with a pretreatment PSA of less 
than 5 ng/ml. Three different measures of treat-
ment efficacy were compared to the light dose 
received by the prostate: biopsy status at 
6 months, volume of effect seen on dynamic 

contrast- enhanced MRI at 1 week, and PSA 
response. The light dose received by the prostate 
was determined by the fluence readings taken by 
the optical detectors during treatment and is mea-
sured in J/cm2 rather than the more usual method 
of reporting the intended light dose, as deter-
mined by the dose per cm to the cylindrical dif-
fusers and reported in J/cm of diffuser fiber. The 
fluence readings were then used to construct an 
optical model, based on the patient-specific opti-
cal properties and the exact positions of the opti-
cal fibers as taken from transrectal ultrasound 
measurements [27].

Variability in response at the same light dose 
was noted, although there was a trend to a larger 
MR effect and a reduction in tumor burden with 
an increase in the light dose in these men. Men 
were divided into three groups: (1) those who 
had a poor response, expected due to a low light 
dose in the early part of this light dose escala-
tion study (<23 J/cm2) (15 men); (2) those who 
had a light dose greater than 23 J/cm2, but still had 
a poor response (5 men); and (3) those who 
had a light dose greater than 23 J/cm2 and had a 
complete response. The reasons for this vari-
ability in response are not clear, although it is 
postulated that it may be due to heterogeneity of 
blood supply in the previously irradiated pros-
tate. An analysis of the previous radiation dose 
was, however, not able to explain the variability 
in effect between men in this study [27].

The 1-week MRI was perhaps a better predic-
tor of the final biopsy outcome than the derived 
light dose. In those men in whom >60 % VTP 
effect was seen at 1 week, a negative biopsy was 
always seen. However, some men who had a low 
percentage of effect at the 1-week MRI had nega-
tive biopsies. It is not clear whether this might 
have been due to variability in sampling that can 
result in men having a negative result after a posi-
tive result or if the treatment effect was not 
detected on MRI [27].

The side effects in this treatment group are 
also reported in this paper. The most significant 
toxicity was the two rectourethral fistulae. One of 
these, which became apparent at 2 months after 
the VTP procedure, occurred in a man who had 
had hemorrhagic proctitis following radiother-
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apy, and it was felt that this may have contributed 
to an increased dose of photosensitizer in the rec-
tum, leading to a greater VTP effect and subse-
quent fistula formation. No particular explanation 
for the second fistula was given [27].

Most patients had a deterioration in urinary 
function in the initial posttreatment phase, which 
had returned to baseline at 6 months. This was 
usually due to storage symptoms, which were 
controlled with medical therapy [27].

Safety concerns raised in other studies meant 
that WST-09 was not further explored in radia-
tion recurrent cancer. These will be discussed in 
the following section.

 Clinical Studies in Men 
with Previously Untreated Prostate 
Cancer 

The first use of VTP using a palladium bacte-
riopheophorbide sensitizer was a single-center 
study of Tookad VTP at University College 
London Hospital, London, UK [28, 29]. This was 
conducted in two parts: part A, a single fiber per 
lobe escalation of the light dose per cm of diffus-
ing fiber, and part B, where the number of fibers 
per patient was escalated.

Men with organ-confined histologically con-
firmed prostate cancer, who had decided not to 
undertake immediate radical treatment, were 
approached to take part. All men had a PSA of 
less than 20 ng/ml prior to informed consent, and 
multiparametric MRI had excluded locally 
advanced or nodal disease. For men with a 
Gleason score >6, or a PSA of >10 ng/ml, a bone 
scan was used to assess for metastatic disease and 
was negative in all included men [28, 29].

The procedure was very similar to that used in 
the radiorecurrent prostate cancer study. The only 
significant difference was that hydrodissection to 
develop the space between the prostate and 
Denonvilliers fascia was not used. It was felt that 
there was no evidence to suggest that it had a pro-
tective effect and, in the treatment-naïve prostate, 
might cause harm [28, 29].

Follow-up comprised both safety and effi-
cacy measurements. The safety measurements 

included vital signs and electrocardiogram 
(ECG) recording, clinical assessment, serum 
biochemistry, adverse event recording, and 
patient-reported outcome measures for both 
urinary and erectile function. Efficacy mea-
surements included assessment of the dynamic 
gadolinium-enhanced MRI at 1 week and 1, 3, 
6, and 12 months post- procedure, PSA monitor-
ing, and transperineal template-guided biopsy at 
6 months [28, 29].

Based on the radiorecurrent prostate cancer 
study results, the photosensitizer dose used for 
the study was 2 mg/kg. As it was considered that 
the treatment-naïve prostate might be more sensi-
tive than the previously irradiated prostate, the 
starting light dose was 50 J/cm, considerably 
lower than the doses being used in the radiorecur-
rent treatment group at the time (up to 360 J/cm). 
The first patient received 50 J/cm with a 2 cm dif-
fuser in one lobe of the prostate. This did not 
result in any measurable effect, and the dose was 
increased to 100 J/cm in one lobe and 150 J/cm in 
the opposite lobe for the next patient. Only the 
150 J/cm dose gave a measurable effect of 
0.68 mls. Dose escalation continued, with the 
maximum light dose of 300 J/cm being seen to 
give noncontiguous effect and some extrapros-
tatic areas lacking uptake of gadolinium at 
1-week MRI. The largest volume of effect on the 
1-week MRI scan in the single fiber part of the 
study was 4.06 mls in a lobe that received a total 
light dose of 300 J (2 cm at 150 J/cm) (Fig. 23.2). 
However, the most consistent effects had been 
with a dose of 200 J/cm given at a rate of 150 mW, 
and this dose was chosen to be further explored in 
the multifiber phase [28, 29].

The fiber escalation phase resulted in a maxi-
mum total dose of 3800 J per lobe. It was seen 
that a higher light dose correlated with a greater 
effect on 1-week MRI and a greater likelihood of 
a negative biopsy. However, there had been some 
unexpected toxicity in the study, thought to be 
related to the use of Cremophor® required to 
allow the lipophilic Tookad to be given intrave-
nously. This comprised thrombotic effects, 
namely, one deep venous thrombosis in one man 
5 days after VTP and two superficial venous 
thromboses in the arm into which the photosensitizer 
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Fig. 23.2 Treatment effect in single fiber phase of WST-
09 study. (a) Pretreatment MRI—post-gadolinium image. 
(b) Posttreatment MRI: 1 week post-gadolinium image 

(axial). (c) Posttreatment MRI: 1 week post-gadolinium 
image (coronal)

was infused. This happened in the first two men 
in the study and resolved without any serious 
sequelae. However, the protocol was then 
changed to allow a bolus of saline to be given 
after the infusion had finished, and a 24-h saline 
drip was then used [28, 29].

There were two men who experienced serious 
cardiac events in the study. The first was a man 

who had previously had a coronary artery bypass 
graft. He had some ischemic ECG changes dur-
ing the procedure and awoke with some chest 
discomfort. He developed fast atrial fibrillation 
during the procedure and was cardioverted at the 
end of the procedure. This meant that markers of 
cardiac damage were unreliable, and acute coro-
nary syndrome was diagnosed. He underwent 
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stent placement during the same hospital admis-
sion and made an excellent recovery [28, 29].

The second man was noted to have a myocar-
dial infarction and a cerebrovascular accident 
(CVA) in the first 24 h after the procedure. He 
was found to have a patent foramen ovale, which 
was deemed to have contributed to the CVA. The 
study was halted pending a safety investigation, 
and it was decided that the lipophilic formulation 
would not continue in clinical use. A water- 
soluble formulation, Tookad® Soluble (WST-11; 
padeliporfin), was therefore used in the next stage 
of development, within multicenter European 
and US clinical trials.

 WST-11 Clinical Work

There have been simultaneous programs in 
Europe and the USA to develop the evidence 
base for the use of WST-11 (Tookad Soluble) in 
men with low-risk prostate cancer. The first study 
in Europe included a dose escalation phase, 
where the optimal drug dose (calculated per kg) 
and the optimal light dose per cm of light diffus-
ing fiber were determined (PCM 201) [30]. The 
first men were given a drug dose of 2 mg/kg, 
shown to be safe in men having VTP after radio-
therapy. The drug dose was escalated to 4 mg/kg 
and then 6 mg/kg, and a constant light dose of 
200 J/cm was used, based on the results for the 
WST-09 work. The maximal effect on 1-week 
MRI was seen in men having a drug dose of 
4 mg/kg, 200 J/cm, and a light dose index (LDI) 
of >1. The light dose index was a new concept to 
express the light dose per ml of prostate and is 
calculated from length of illuminated fibers/vol-
ume of targeted prostate, where the volume was 
calculated from the pre-procedure MRI. As the 
number of light fibers was escalated during the 
study, only 12 of the 40 treated men had the opti-
mal conditions of drug dose, light dose, and 
LDI. Of these 12 men, 10 men had negative biop-
sies in the treated lobe posttreatment.

A similar study design was used in the USA 
(PCM 202), although the treatment zone was lim-
ited to a hemi-ablation, while some men in the 
European study had bilateral treatment [31]. 
Another difference is that in the USA men had to 

have only unilateral disease, and no Gleason pat-
tern 4 component, whereas in Europe bilateral 
disease was allowed, and secondary Gleason pat-
tern 4 of low volume on transperineal template 
biopsy was permitted. Thirty men were enrolled, 
of which nine were included in the dose escala-
tion phase. This comprised three men having 
single fiber 200 J/cm light dose to activate 2 mg/
kg WST-11, followed by six men having 2 mg/kg 
WST-11 and 300 J/cm light dose. Due to the evi-
dence from simultaneous dose escalation studies 
in Europe, it was determined that 4 mg/kg WST- 
11 and 200 J/cm energy was an appropriate dose. 
Twenty-one men underwent treatment to either 
the right or left lobe of the prostate using 4 mg/kg 
WST-11 and 200 J/cm energy. Biopsies were 
done of the treated and untreated lobes at 
6 months following treatment. Overall, 15 of 21 
men at the optimal dose had residual cancer after 
treatment: one in both lobes, four in the untreated 
lobe only, and ten in the treated lobe. The effect 
did depend on the light dose delivered with 13 of 
17 men (73 %) having a light dose index of >1 
having no cancer in the treated lobe at posttreat-
ment biopsy [31].

A pooled analysis of men receiving treatment 
with 4 mg/kg Tookad Soluble, and light at 200 J/
cm in either of the aforementioned two studies, or 
the further European study PCM 301 were ana-
lyzed together [32]. In total, 109 men received 
treatment according to the protocol, with 76 of 
those 109 receiving an LDI >1 (70 %), of which 
67 had unilateral treatment. In this subset, there 
was an 80.6 % negative biopsy rate at 6 months. 
A slight improvement in urinary function and 
slight reduction in sexual function were noted on 
IPSS and International Index of Erectile Function 
(IIEF) questionnaires at 6 months, compared to 
baseline [32].

A European phase III study comparing WST- 
11 VTP to active surveillance has been com-
pleted and was presented at the European 
Association of Urology in 2016 [33]. Men were 
included if they had Gleason 3+3 disease, with 
one positive core on standard TRUS biopsy 
showing 3–5 mm Gleason 3+3 or two positive 
cores of up to 5 mm Gleason 3+3 in each core, 
with a PSA ≤10 ng/ml. Men were randomized to 
Tookad VTP or active surveillance. The primary 
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endpoint was 58/206 (28 %) men in the Tookad 
arm progressed to higher-risk disease compared 
to 120/207 (58 %) men in the active surveillance 
arm, and progression was closely related to sub-
sequent radical therapy. At 24 months, 101 
(49 %) men in the Tookad arm had a negative 
biopsy compared to 28 men (14 %) in the active 
surveillance arm [33]. This is a landmark study, 
as it is the first completed randomized study of 
focal therapy for prostate cancer. Formal publi-
cation is awaited. Some challenged the presenta-
tion suggesting that all men in the study would 
have been suitable for active surveillance and 
that further work is needed in men with interme-
diate-risk prostate cancer.

The question of radical treatment after focal 
therapy is of interest, both in terms of oncologi-
cal and functional outcomes. Outcomes have 
been reported in 19 men [34]. Thirteen men 
(68 %) were completely continent at a median of 
10 months with five needing a pad a day and one 
needing three pads per day. Eleven men had erec-
tile function after VTP, but none after radical 
prostatectomy. Nine men had positive margins, 
and six had postoperative radiotherapy [34].

 Future Directions

There are many who are interested in increasing 
the specificity of a photosensitizer so that it is 
only taken up by cancer cells. One of the ways of 
doing this is to attach the photosensitizer to a 
monoclonal antibody that is specific to a given 
cancer cell type [35]. One of the difficulties with 
this approach is that some tumor types may not 
consistently express a given antigen, and the 
antibody- photosensitizer conjugate may not 
therefore be taken up by all the cells of a given 
tumor. It has, however, been tried in small animal 
models and may be of use in the future. One 
study has shown the advantage of conjugating a 
chlorin photosensitizer to a monoclonal antibody 
in an ovarian cancer model [36]. Further work in 
this area has included the use of an antibody con-
jugated to a pheophorbide photosensitizer, albeit 
in an in vitro model [37]. One study has shown 
that use of antibody conjugation to prostate- 

specific membrane antigen (PMSA) allows a 
marked reduction in photosensitizer dose for the 
same effect [38].

Other advances may be seen in the use of dif-
ferent approaches to treatment planning for the 
photodynamic therapy procedure. At present, dif-
ferent groups have developed different approaches 
to the planning of prostate photodynamic therapy. 
One approach is to constantly modify the light 
dose given according to real-time feedback. This 
requires a “multitasking” probe, consisting of a 
fiber that can be used to deliver light and then, 
when the light is momentarily turned off, to take 
a light reading, which is then used within a com-
plex feedback mechanism to determine the sub-
sequent light dose. One such system has been 
used in a canine model and shown to result in 
treatment effect within 2 % of the value predicted 
[39]. It is also possible to incorporate available 
drug dose and oxygen readings into such a feed-
back system [40]. While such a system has been 
piloted in the clinical setting, formal results of 
this are not yet available.

Another way to plan treatment is to assign a 
given treatment effect to each light fiber, at a 
given drug and light dose, and to then calculate 
the number and distribution of fibers needed to 
give a treatment effect in a given prostate. This is 
the system that has been used in the Tookad stud-
ies, with both the Canadian group and the 
European group developing different treatment 
planning systems. In this situation the volume 
and shape of the prostate on MRI is used to deter-
mine the treatment plan, which is then delivered 
in the operating theater using ultrasound images 
[41, 42]. A further possibility would be to use a 
“rules-based” approach to plan directly based on 
ultrasound, putting in fibers to achieve a treat-
ment plan that is based either on the sites of his-
tological evidence of disease or on areas 
suspicious for disease on MRI.

 Conclusion

Vascular targeted photodynamic therapy using 
palladium bacteriopheophorbide is a promising 
modality in the treatment of prostate cancer that 
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has been studied extensively in the canine 
model prior to clinical work. There have been 
studies assessing its use in radiorecurrent pros-
tate cancer, but this is not under continued 
development at present. In men with previously 
untreated prostate cancer, WST-11 (Tookad 
Soluble, padeliporfin) has replaced WST-09 
(Tookad), due to unexpected toxicity associated 
with the Cremophor-based preparation of 
WST-09. Tookad Soluble has been studied in 
European and North American phase II studies 
with promising results.
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 Introduction

High-intensity focused ultrasound (HIFU) is a 
minimally invasive treatment option for local-
ized prostate cancer (PCa). This technology was 
initially developed for whole-gland treatment 
with the possibility of repeated treatments in 
case of failure. The urologic community has 
shown a growing interest in HIFU because of its 
efficacy in destroying prostatic tissue and its 
limited side effects. HIFU induces coagulative 
necrosis of a tumor with sharp boundaries. It 
allows the accurate destruction of a small vol-
ume of tissue within the gland and has a limited 
impact at the level of the surrounding tissue. 
These advantages make it an ideal option for the 
focal treatment of localized PCa.

In this chapter, we summarize the principles, 
technical aspects, and indications of focal HIFU, 
and we review the evidence published thus far 
concerning the oncologic and functional out-
comes of HIFU for the focal treatment of PCa.

 Technique

 Physics

HIFU converts energy from ultrasound (US) 
waves to heat, resulting in immediate and irre-
versible coagulation necrosis with sharply delin-
eated boundaries at the level of the targeted area. 
The basic principles of HIFU rely on the creation 
of US waves emitted by a high-powered trans-
ducer capable of higher time-averaged intensities 
(100–10,000 W/cm2) than conventional diagnos-
tic US and targeted to a precise volume without 
affecting the surrounding tissues [1]. HIFU is 
generated by a piezoelectric transducer. This 
transducer has a parabolic configuration that 
focuses the sound waves into a fixed focal point 
(Fig. 24.1). The characteristics of the ablated 
area, in terms of size and shape, depend on a few 
variables: the geometric configuration of the 
transducer, the time-averaged acoustic intensity, 
the duration of sonication, and the absorption 
coefficient of the targeted tissue [1, 2]. HIFU 
allows for the deposition of a large amount of 
energy at the focal point. Temperature within the 
tissue rises significantly, resulting in an irrevers-
ible and precise ablative lesion without damaging 
the tissue in the path of the US beam.

The tissue ablation effect of HIFU is based on 
two main mechanisms: a thermal effect and a 
mechanical effect. Because the US beam is 
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concentrated in a small area of tissue, it results in 
maximum pressure at this focal point. This 
acoustic pressure creates tissue movement (dila-
tation and contraction), resulting in a loss of 
energy that is converted into heat, increasing the 
temperature to more than 60 °C and leading to 
protein denaturation and coagulation necrosis of 
tissues. Because of the significant drop in energy 
outside the focal zone, the thermal damage 
beyond the boundaries of treatment is minimized 
[1, 2]. At higher intensities of acoustic pulses, the 
mechanical effect could occur, characterized by 
the interaction of US waves with microbubbles of 
water that collapse as a result of alternating com-
pression and expansion, finally resulting in a dis-
persion of energy with consequent tissue ablation 
[1, 2]. The aim of focal HIFU is to treat the can-
cer foci inside the gland by the juxtaposition of 
elementary lesions.

 Procedure

HIFU treatment is administered transrectally, 
with the patient under general or spinal anesthe-
sia. The procedure is performed in a dorsal litho-
tomic position or flank lateral position according 
to the characteristics of the treatment device. An 
enema is usually performed the night before the 
procedure, and no preoperative antibiotic prophy-
laxis is needed. A transrectal probe integrating a 

US probe and a piezoceramic transducer and 
endowed with a cooling balloon to avoid thermal 
injury of the rectal wall is inserted into the rec-
tum. The prostate is scanned with the US probe. 
The probe provides images in both the coronal 
and sagittal planes of the prostate, allowing exact 
localization of the bladder neck, apex, and rectal 
wall. The treatment zone is then defined by the 
urologist and logged into the treatment computer. 
The integrated software allows precise contour-
ing of the target zone, sparing the surrounding 
tissue from thermal ablation. After the treatment 
zone has been defined, the transducer moves the 
focal point of the US beams through the area to 
be ablated, with a treatment cycle including a 
heating period of the tissue followed by a cooling 
period during which the computer- controlled 
device moves to the next treatment zone, distant 
from the first. All selected areas are ablated as the 
transducer moves back and forth. A transurethral 
or suprapubic catheter is generally placed at the 
end of the procedure and will be removed at day 
1 (Table 24.1).

Fig. 24.1 Physics of high-intensity focused ultrasound 
(HIFU) treatment

Table 24.1 Practical steps for focal high-intensity 
focused ultrasound treatment

Before treatment

Prostate cancer diagnosis (either TRUS or TPM biopsy)

Preoperative mpMRI for precise localization of the 
tumor area

Procedure

Correct definition of the target zone with the integrated 
software device

Ablation of the tumor area

Possible check of the ablated area with CEUS

Urethral catheter placement at the end of the procedure

Posttreatment management

Catheter removal the day after the procedure and patient 
discharged

Follow-up

PSA level every 3 months

mpMRI at early (3–10 days) and late stage (6 months) 
after treatment

Prostate TRUS biopsy within the first year

CEUS contrast-enhanced ultrasound, mpMRI multipara-
metric magnetic resonance imaging, PSA prostate-specific 
antigen, TPM transperineal prostate mapping, TRUS tran-
srectal ultrasound
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 Devices

Three devices for HIFU therapy are currently 
available: the Sonablate 500 (SonaCare Medical, 
Charlotte, NC, USA), Ablatherm Integrated 
Imaging (EDAP TMS SA, Vaulx-en-Velin, 
France), and the Focal One (EDAP TMS SA, 
Vaulx-en-Velin, France) [3]. All share the funda-
mental features of the HIFU system even if the 
evolution of the technique in the last two decades 
can be clearly recognized among the three devices. 
Newly developed technologies allowing HIFU 
treatment to be carried out directly with multipara-
metric magnetic resonance imaging (mpMRI) 
guidance are currently under evaluation.

 Sonablate 500
The Sonablate 500 (Fig. 24.2) is characterized by 
a single transducer (4 MHz) for both imaging and 
treatment [3]. Probes with different focal lengths 
(25–45 mm) allow the treatment of prostate 
volumes with sagittal diameters up to 40 mm. 

The feature of tissue change monitoring gives 
visual confirmation of the treated volume, allow-
ing the physician to monitor and eventually mod-
ify the treatment planning to cover the entire 
cancerous area. The procedure is conducted with 
the patient lying in a dorsal position on a conven-
tional operating table. The system is also pro-
vided with a safety feature called a reflectivity 
index measurement that compares a stored 
B-mode image of the rectal wall taken before the 
start of the treatment with a real-time image of 
the rectum itself, analyzing any potential differ-
ences between the two and finally assigning a 
score that alerts the physician of any significant 
injury to the rectum and automatically stops the 
treatment over a certain threshold [3].

 Ablatherm Integrated Imaging
The Ablatherm Integrated Imaging system (Fig. 24.3) 
is composed of imaging (7.5 MHz) and therapeu-
tic (3 MHz) transducers, both incorporated in the 
same endorectal probe. The treatment crystal is 
focused at a maximum of 45 mm and allows the 
creation of an ablation area ranging from 0.05 to 
0.08 mL.

The treatment is carried out with the patient in 
a lateral flank position requiring a specific oper-
ating table. The lateral treatment position allows 
gas bubbles that can be created by the heating of 
the prostatic tissue to rise with gravity into a posi-
tion outside the field of treatment, reducing 
potential acoustic interference. The system 
includes four protocols of treatment with differ-
ent parameters according to the clinical indica-
tions: standard treatment, HIFU re-treatment, 
post-external beam radiation therapy (post- 
EBRT), and post-brachytherapy (post-BT) [3].

Regarding the safety issue, the Ablatherm 
device allows the user to have a real-time visual 
monitoring of the treatment with the US probe. 
The treatment probe is robotically controlled: 
The system is capable of automatically adjusting 
the endorectal position of the transducer accord-
ing to the real distance from the rectal wall and to 
eventual modifications of the patient position, 
consequently stopping the procedure in case of 
risk of injury [4].

Fig. 24.2 Sonablate 500® (Courtesy of SonaCare, 
Charlotte, NC, USA)
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 Focal One
The Focal One (Fig. 24.4) is the most recently 
developed system and incorporates several use-
ful features that allow more precise and safe 
localized treatment of the tumor foci within the 

prostate [3]. From a general perspective, the 
treatment protocol with the Focal One device 
can be divided into three steps: fusion of the 
real-time US image with magnetic resonance 
(MR) images acquired before the treatment; 
planning of the treatment with focal target defi-
nition; and application of precise ablative 
energy, checking the treated area.

The procedure is carried out with the patient 
in a lateral flank position on a standard operat-
ing table. The first step is the upload of the 
mpMR images. The operator defines contours of 
the prostate and delineates the suspected lesions 
to be treated on the MR images. The prostate 
boundaries are then defined on the US real-time 
image of the prostate obtained with the transrec-
tal probe of the device. An “elastic fusion” of 
the two defined volumes is then automatically 
executed by the software, leading to a perfect 
three- dimensional (3D) match of the MR volume 
with the US volume of the prostate (Fig. 24.5). 
The same 3D fusion is applied to the suspicious 
area previously identified on the MRI that can 
thus be correctly identified on the live US 
image [3].

Fig. 24.3 Ablatherm 
Integrated Imaging® 
(Courtesy of EDAP 
TMS SA, Vaulx-en- 
Velin, France)

Fig. 24.4 Focal One® (Courtesy of EDAP TMS SA, 
Vaulx-en-Velin, France)
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The device is equipped with a dynamic focus-
ing transducer for the HIFU treatment: This 
 innovative probe is characterized by 16 isocentric 
rings driven by a dedicated electronic system 
allowing the user to drive the US beam, with the 
possibility of moving the focal point to a maxi-
mum of eight different points between 32 and 
67 mm from the probe. The size of the ablated 
area is approximately 5 mm, and multiple unitary 
lesions can be stacked together to achieve a pos-
sible necrotic volume ranging from 5 to 40 mm, 
according to the defined area of treatment.

The treatment is planned for transversal 
slices, and the contours of the targeted area are 
defined for each slide by the operator using the 
MR-US fusion image. The software automati-
cally adjusts the focus of the HIFU beams 
according to the planned volume of treatment, 
with a continuous shooting process of US pulses 
lasting 1 s each that allows a shortened treat-
ment duration compared with the other devices. 
During treatment, the operator is able to check 
the HIFU energy delivery process in the treated 
area, with the possibility of stopping and modi-
fying the treatment plan in case of an alteration 
in positioning.

Finally, at the end of the treatment, the system 
allows the physician to assess the final results of 
the process by performing contrast-enhanced US 
(CEUS). The image can be compared with the 
initial MRI to check for correct ablation of the 
cancer lesion [3].

 Follow-Up After Treatment

 Postoperative Evaluation

To increase the chance of focal therapy success, 
an assessment of treatment efficacy can be per-
formed immediately after the procedure to detect 
residual viable cancer tissue, allowing the opera-
tor to eventually complete the treatment. In this 
context, CEUS, using a suspension of 
phospholipid- stabilized sulfur hexafluoride 
microbubbles (SonoVue, Bracco, Milan, Italy), 
has been demonstrated to be useful in detecting 
the volume and position of the treated zone after 
HIFU; the CEUS image appears nonenhanced 
and can be distinguished from the enhancement 
of the residual viable tissue [5]. Because of the 
intrinsic characteristics of the SonoVue contrast 
agent, the CEUS image can be acquired immedi-
ately after the intravenous injection with good 
spatial resolution and contrast/tissue ratio and 
can be immediately performed in the operating 
room after the HIFU procedure [6]. The accuracy 
of CEUS imaging was evaluated in a small popu-
lation of 28 patients at 1 to 3 days and 30 to 
45 days after HIFU and correlated with posttreat-
ment biopsy findings [5]. The results clearly 
demonstrated that CEUS was able to accurately 
discern the ablated area of the prostate from the 
viable tissue, showing that the imaging findings 
were stable from day 1 to 45 and were associated 
with biopsy findings [5].

The gold standard for post-HIFU evaluation 
of the ablated area remains the gadolinium- 
enhanced MRI [7]. The initial results published 
by Rouviere et al. [8] demonstrated that at the 
MRI performed 2–5 days after HIFU, the treated 
area appeared as a hypointense zone surrounded 
by a peripheral rim of enhancement that has been 

Fig. 24.5 Three-dimensional magnetic resonance 
imaging- ultrasound (MRI-US) fusion
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demonstrated to contain a variable amount of 
viable tissue [9]. Nevertheless, MRI is not a fea-
sible option for the immediate evaluation of the 
treated volume inside the operating room.

 Detection of Post-HIFU Failure

Because the prostatic parenchyma is incom-
pletely destroyed, the post-focal HIFU evaluation 
is more challenging. From a general perspective, 
the assessment of potential failure after focal 
HIFU treatment should be based on the evalua-
tion of biochemical parameters, imaging, and 
histologic assessment.

The assessment of prostate-specific antigen 
(PSA) serum level after whole-gland HIFU has 
been demonstrated to significantly predict clini-
cal cancer recurrence during follow-up [10]. The 
focal treatment, however, is based on the destruc-
tion of the index lesion, keeping intact the rest of 
the gland. Therefore, biochemical recurrence 
(BCR) will be difficult to estimate, and then cri-
teria such as American Society for Therapeutic 
Radiology and Oncology (ASTRO), Phoenix, or 
Stuttgart seem to be inappropriate for an ade-
quate evaluation [11, 12]. After successful HIFU 
ablation of the index lesion, some authors 
reported a significant decrease in PSA compared 
with its initial value. Even if the exact percent-
age of the decrease is not currently known 
(approximately 50 %), this decrease should be 
observed within 3 months after treatment and, 
most important, should remain stable over time. 
Failure is strongly suspected if this does not 
occur after ablation [11–14].

In addition to the biochemical evaluation, the 
use of mpMRI has become essential in the con-
text of follow-up after focal HIFU, playing an 
important role both at an early stage (within 
3–10 days after treatment) and at 6 months after 
treatment and thereafter in case of a PSA rise. In 
the early postoperative setting, the MRI allows 
the determination of the extent of tissue damage 
and the analysis of the untreated prostatic paren-
chyma. On a fat-saturated gadolinium-enhanced 
nondynamic T1-weighted sequence, the ablated 
area appears as an unenhanced (devascularized) 

zone surrounded by a peripheral rim of enhance-
ment representing an amount of viable inflamed 
tissue [7, 8]. Published data showed that the vol-
ume of enhancing prostate at the MRI performed 
within the first months after treatment correlates 
with PSA level nadir and with histologic evi-
dence of residual cancer [7]; however, the correct 
timing for the posttreatment MRI evaluation has 
not yet been defined. Despite previous data that 
showed the area of nonenhancing tissue decreases 
by 50 % at 1 month compared with the immedi-
ate post-HIFU acquisition [8], no data show a 
correlation between parameters of immediate 
imaging findings and subsequent treatment out-
comes [7]. At the late 6-month assessment, 
T2-weighted images show a decrease in volume 
of the gland. The prostate parenchyma usually 
appears as heterogeneously and diffusely hypoin-
tense with a loss of normal zonal anatomy, ham-
pering easy detection of local recurrence. The 
peripheral enhanced rim is no longer detectable 
due to fibrosis and thickening of the tissue. To 
discriminate areas of recurrent malignant tumors 
correctly, the T2-weighted sequence has to be 
combined with dynamic contrast-enhanced 
(DCE) and diffusion-weighted sequences, allow-
ing the differentiation of recurrent or residual 
cancer (hypervascular) from post-HIFU fibrosis 
(homogeneous and hypovascular). The combina-
tion of T2-weighted and DCE MRI can guide 
biopsies in case of biochemical relapse, improv-
ing the sensitivity of recurrent cancer detection. 
Follow-up imaging should be performed every 
year after the initial imaging or in the case of 
BCR [15].

Despite the promising results of imaging in 
the context of follow-up after HIFU, the altered 
anatomy following focal therapy limits the utility 
of MRI; therefore, the histologic assessment with 
prostate biopsies is crucial. In most published 
series, a postoperative systematic biopsy has 
been suggested at 3- to 6-month follow-up 
(within the first year). The use of a perineal tem-
plate prostate biopsy would guarantee high accu-
racy in detecting clinical failure; however, 
because of the requirement of general anesthesia 
for perineal biopsies and the associated cost 
issues [16], a conventional transrectal US (TRUS) 
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sextant biopsy is normally applied that can also 
be combined with mpMRI and targeted to the 
detected suspicious areas.

According to an international multidisci-
plinary consensus project, sampling of both the 
treated and untreated part of the gland should be 
performed [15]. The treated area should be biop-
sied both at the margins and in the center of the 
ablation to verify the efficacy and completeness 
of the treatment. The interpretation of a post- 
HIFU biopsy should be accurate, and patholo-
gists should be aware of common histologic 
findings of prostatic cores after HIFU including 
coagulation necrosis, stromal fibrosis, and 
edema [17]. Some areas of atypical cell hyper-
plasia and reactive atypia have been found in 
biopsy specimens after HIFU and should be 
carefully differentiated with immunohistochem-
ical staining from recurrent cancer foci [17]. 
Finally, the untreated area of the gland should 
also always be biopsied for surveillance pur-
poses. After the first year, rebiopsy of the treated 
and/or untreated area should be performed only 
when there is a suspicion of recurrence either on 
imaging or for a PSA rise [15].

 Indications for Focal High-Intensity 
Focused Ultrasound

The current main indication for HIFU is the pri-
mary treatment of PCa in the context of focal 
therapy, and HIFU is considered one of the most 
effective treatment modalities in this field accord-
ing to international clinical guidelines [18].

Despite the lack of both long-term follow-up 
data and evidence from prospective randomized 
trials, in most of the published retrospective 
series and current ongoing trials, HIFU therapy is 
considered for patients with low- to intermediate- 
risk disease [18, 19].

Along with oncologic risk, to carefully choose 
the best candidates for HIFU treatment, clinical 
and pathologic factors should be taken into 
account regarding prostate volume, the localiza-
tion and dimensions of the index lesion, and ana-
tomic and comorbid conditions that eventually 
hamper treatment [19, 20].

Although large prostate volume originally 
represented a real contraindication in the context 
of whole-gland HIFU treatment, this issue is no 
longer a limitation for focal HIFU, especially in 
the case of posterior or posterolateral lesions.

The localization of the tumor within the pros-
tate should be taken into account before HIFU 
treatment for several reasons. It has been shown 
that the anterior prostate tissue, located beyond 
the focal point of the transducer, usually is not 
destroyed because most of the energy is absorbed 
by the posterior prostatic parenchyma [1]. 
Because prostate swelling and intraprostatic 
point shifts can occur during the treatment of the 
anterior area, a real-time intraoperative adjust-
ment is recommended. The focal length of the 
HIFU machine also represents per se a limiting 
factor in reaching anterior lesions located beyond 
the focal point, thus potentially hampering the 
possibility to treat anterior lesions radically [21]. 
Consequently, focal therapy of an anterior lesion 
using HIFU cannot currently be recommended.

The treatment of the apex could also have a 
significant impact on urinary continence (UC), 
given the proximity of the external sphincter to 
the ablated tissue. A safety margin of 6 mm above 
the apex has to be considered, based on theoreti-
cal calculations and histologic findings [21, 22]. 
For these reasons, the apical lesions should be 
treated with caution to limit the risk of functional 
complications.

Finally, there are specific contraindications to 
HIFU treatment [23]. Anatomic or pathologic 
conditions, limiting the correct introduction of 
the probe through the rectum, represent an abso-
lute contraindication to the treatment. Similarly, 
the procedure should not be performed in patients 
with a rectal fistula. The presence of major intra-
prostatic calcifications (>1 cm) should be seen as 
a relative contraindication.

In addition to the primary treatment of PCa, 
HIFU therapy has been applied for salvage treat-
ment of PCa local recurrence after either EBRT 
or BT [24, 25]. The aim of focal HIFU is to 
achieve a complete ablation of the histologically 
proved recurrent lesion within the prostate, with 
minimal damage to critical surrounding struc-
tures [26, 27]. The biological changes that 
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occurred in prostate tissue after radiation therapy 
(RT) should be taken into account, given that the 
ability to ablate a lesion correctly with demar-
cated boundaries could be less efficient compared 
with the primary treatment setting [26]. The 
Ablatherm device currently incorporates param-
eters for treating radiorecurrent PCa, allowing 
the physician to obtain better ablation results in 
this specific setting.

 Treatment Outcomes

 Primary Treatment

 Oncologic Outcomes
In the last 10 years, several studies have been 
published assessing the role of HIFU in the pri-
mary focal treatment of PCa and have shown 
encouraging results (Table 24.2) [28–33]. The 
first published series on focal HIFU for PCa 
treatment in the primary setting included 29 
patients treated with the Sonablate 500 device 
with a “subtotal” protocol of ablation involving 
the total peripheral zone and a half portion of the 
transitional zone [28]. Patients with both low- 
and intermediate-risk unilateral cancer were 
included with a median follow-up of 34 months. 
The mean PSA level decreased from 5.35 to 
1.53 ng/mL at a mean of 36 months. Overall, 
10.7 % and 23.5 % of patients showed a residual 
cancer foci at control biopsy at 6- and 12-month 
follow-up, respectively. Interestingly, no signifi-
cant difference was noted in terms of disease-free 
survival rates between patients treated with sub-
total or whole-gland HIFU [28].

In a prospective phase 1/2 trial, Ahmed et al. 
assessed the outcomes of HIFU hemiablation in 
20 patients with low to intermediate unilateral 
disease, all diagnosed with a preoperative mpMRI 
and template perineal biopsies [29]. At the time 
of the enrollment, 83 % of patients had a Gleason 
score (GS) of 3+3 and a mean PSA of 7.3 ng/
mL. At 12-month follow-up, 89 % overall were 
disease-free as assessed with a TRUS control 
biopsy and showed a decreased PSA level to a 
mean of 1.5 ng/mL. No patient was diagnosed 
with a high volume or GS of 7 or higher cancer in 

the treated lobe [29]. Longer follow-up data were 
published on a series of 12 patients with three or 
fewer biopsies positive for PCa in one lobe, clini-
cal stage T2a or lower, GS score of 7 or lower 7 
(3+4), and PSA of 10 ng/mL or lower [30]. All 
patients were treated with HIFU hemiablation 
using the Ablatherm device. Recurrence-free sur-
vival was 90 % at 5-year and 38 % at 10-year 
follow-up, with an overall cancer-specific sur-
vival of 100 % at 10-year follow-up.

In 2012, Ahmed et al. published a prospective 
study aimed at assessing the feasibility of focal 
HIFU treatment localized to all cancer lesions 
with a margin of normal tissue [31]. A total of 41 
men aged 45–80 years were eligible for the study, 
having a diagnosis of low-risk to high-risk PCa 
with a PSA of 15 ng/mL or lower, GS of 4+3 or 
lower, and stage T2 or lower. The patients under-
went preoperative mpMRI and template prostate 
mapping biopsies. Of the treated patients, 49 % 
received unilateral single-area ablation, 37 % 
received bilateral two-area ablation, and 15 % 
received a midline single-area ablation. At the 
6-month follow-up, 77 % of the patients were 
disease-free at control biopsy, and 92 % were free 
of clinically significant cancer, according to the 
Epstein criteria (Gleason >3+3, >2 positive cores, 
>2 mm involvement). Of patients with positive 
biopsies, five were placed on active surveillance; 
four received a second HIFU session. After re- 
treatment, 39 of 41 (95 %) had no evidence of 
disease on mpMRI at 12 months.

More recently, Feijoo et al. [32] published 
results of a prospective single-center study con-
ducted on a population of 67 patients submitted 
to HIFU hemiablation. Inclusion criteria were 
unilateral disease, clinical stage T1c to T2a, max-
imum positive biopsies less than 33 %, Gleason 
score of 7 or lower (3+4), PSA lower than 15 ng/
mL, and life expectancy longer than 10 years. 
The cancer localization was done with mpMRI 
and subsequent TRUS biopsy with at least 20 
cores. The study included patients with longer 
median maximum cancer core length (CCL) and 
total CCL compared with other series. The results 
showed that at 12-month follow-up, 83.6 % of 
patients had a negative biopsy in the treated area, 
and the overall negative biopsy rate was 74.6 %, 
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given that six patients presented positive biopsies 
in the nontreated lobe along with negative biop-
sies in the treated lobe [32]. Finally, the first pro-
spective study testing the index lesion hypothesis 
was recently published [33]. A total of 56 men 
with low-risk (12.5 %), intermediate-risk 
(83.9 %), and high-risk (3.6 %) cancers were 
included in the study. Cancer localization was 
assessed with mpMRI and transperineal template 
prostate mapping. The index lesion was identi-
fied according to the presence of a significant vis-
ible lesion at mpMRI with histologic confirmation 
of the disease. In case of negative mpMRI, the 
index lesion was defined according to the histo-
logic findings of the biopsies. The Sonablate 500 
device was used exclusively to treat the index 
lesion in all patients, eventually leaving untreated 
small disease GS 3+3 and CCL of 5 mm or 
smaller. The PSA level decreased from a median 
baseline of 7.4–2.4 ng/mL at the 12-month fol-
low- up. No residual cancer in the treated area 
was found in 65.4 %, and no histologic evidence 
of clinically significant cancer was found in the 
treated area in 84.6 % of patients at the 6-month 
follow-up. Only two patients showed the pres-
ence of a clinically significant cancer in the 
untreated area at follow-up, which could be rea-
sonably explained by a possible misdiagnosis 
that occurred at baseline evaluation, given the 
5 % rate of false-negative findings associated 
with mpMRI [33].

 Functional Outcomes
Besides oncologic outcomes, the other goal of 
focal HIFU for PCa is to achieve good functional 
outcomes in terms of both UC and erectile func-
tion (EF). Focal HIFU was primarily investi-
gated with the aim of demonstrating an advantage 
in terms of posttreatment side effects, with a lim-
ited impact on UC and EF and without compro-
mising the oncologic results. All published 
series reported functional outcome data as 
assessed with international validated instru-
ments, showing high rates of posttreatment UC 
and variable rates of posttreatment EF impair-
ment (Table 24.2) [28–33].

After HIFU hemiablation, Ahmed et al. [29] 
evaluated urinary incontinence rates using the 

University of California, Los Angeles-Expanded 
Prostate Cancer Index Composite urinary incon-
tinence scale, and they did not found any signifi-
cant difference between baseline and 6-month 
follow-up evaluations. Overall, 90 % of patients 
were pad- and leak-free at 6 months. They 
assessed urinary function using the International 
Prostatic Symptom Score (IPSS), showing a sig-
nificantly lower score at 6-month follow-up com-
pared with the baseline evaluation. Interestingly, 
no difference was noted in terms of IPSS score 
between patients treated with ablation crossing 
the midline compared with the ablation up to the 
midline. EF was assessed with the International 
Index of Erectile Function (IIEF) questionnaire. 
The EF domain score significantly decreased 
from a mean baseline of 20.9 to 14.3 at the 
1-month assessment; however, data showed a 
recovery of EF through follow-up, reporting no 
difference in IIEF-EF score at the 12-month fol-
low- up. Similar results were also observed for the 
orgasmic function domain. Overall, the authors 
reported a trifecta status of pad-free, leak-free 
continence, erections sufficient for intercourse, 
and early cancer control in 89 % of the patients 
treated. Similar results in terms of UC rates after 
treatment were also reported in a series with a 
longer follow-up, showing a 100 % rate of UC at 
a median 10-year follow-up and 81 % of patients 
reporting an IPSS score equal or higher to the 
baseline score at 1 year after treatment [30].

The idea that tissue preservation leads to 
functional preservation was highlighted in a 
study involving 39 patients treated with focal 
unilateral or bilateral cancer ablation [31]. The 
authors reported an initial decrease of IIEF score 
after treatment, gradually returning to baseline at 
12 months, with 89 % reporting successful pen-
etration at 12-month follow-up. Moreover, 
100 % of patients were pad-free and leak-free at 
9-month follow-up, and the IPSS scores were 
significantly lower at 12 months compared with 
baseline, showing an improvement in lower uri-
nary tract symptoms.

In a more recent prospective study of 67 
patients treated with HIFU hemiablation, Feijoo 
et al. [32] reported similar results in terms of UC, 
but they observed a significant deterioration of 
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EF with the IIEF-5 mean score decreasing from 
17.9 to 15.4. Only 11 of 21 preoperatively potent 
patients (defined as IIEF-5 ≥22) maintained 
potency 3 months after treatment, even if EF 
assessment at longer follow-up was not reported.

Similar lower rates of posttreatment EF were 
reported by Ahmed [33] in a recent series of 56 
patients who received HIFU ablation localized 
only to the index lesion: 76.9 % of patients had 
erections allowing a penetration at 12-month fol-
low- up. They also reported rates of phosphodies-
terase type 5 inhibitor use increasing from 12.7 % 
to 42.6 %. Leak- and pad-free continence was 
92.6 % at 12-month follow-up.

 Salvage Treatment

The role of focal HIFU was first investigated in 
the setting of salvage PCa treatment because of 
the high morbidity associated with the standard 
whole-gland salvage treatment (Table 24.3) [24, 
25, 34].

 Oncologic Outcomes
Initial encouraging data came from a registry base 
analysis conducted on a total of 39 patients with 
locally recurrent PCa after EBRT [24]. Patients 
were assessed preoperatively with mpMRI in 
combination with transperineal template prostate 
mapping biopsies for localization of disease 
recurrence. Focal salvage treatment was either 
hemiablation or quadrant ablation (ablation of 
half the lobe anterior or posterior); in the case of 
multifocal recurrent foci, only the ablation of the 
index lesion was performed if the untreated areas 
had one or no cores with 3 mm or smaller GS 3+3 
disease and/or no lesion on mpMRI. A PSA 
response to treatment was observed in 87 % of the 
treated patients with a mean PSA nadir of 0.57 ng/
mL achieved at a mean time of 4.3-month follow-
up. Overall, 44 % of the patients achieved a PSA 
nadir lower than 0.5 ng/mL, showing biochemi-
cal-free survival rates of 86 %, 75 %, and 63 % 
(Phoenix criteria) and 86 %, 76 %, and 42 % 
(Stuttgart criteria) at 1-, 2-, and 3-year follow-up, 
respectively. Posttreatment biopsy, however, was 
performed in only 23 % of the patients, and 44 % 

of them showed residual disease. Two patients 
developed bone metastases, and 40 % required 
subsequent androgen deprivation therapy. 
Considering both histologic and biochemical 
findings, the overall progression-free survival 
rates were 69 % and 49 % at 1 and 2 years, respec-
tively, after salvage treatment, almost comparable 
with the previously published outcomes of whole-
gland salvage ablation.

Similar results were published by Baco et al. 
[25] in a series of 48 patients with radiorecurrent 
PCa after either EBRT (77 %) or BT (23 %); all 
patients had BCR (defined according to the 
Phoenix criteria), unilateral MRI-detected cancer 
verified with prostate biopsies, and no metasta-
ses. Salvage treatment was performed with the 
Ablatherm device and consisted of salvage 
hemiablation with a 4-mm security distance from 
the sphincter (in case of negative apical biopsies). 
At a median follow-up of 16.3 months, the mean 
PSA nadir was 0.69 ng/mL, and the biochemical- 
free survival rate was 67 %. Disease progression, 
defined according to BCR (Phoenix criteria) and/
or the need for adjuvant hormonal treatment, 
occurred in 33 % of the patients, with 13 % of 
them having confirmed metastases. The overall 
progression-free survival rates were 83 %, 64 %, 
and 52 % at 12, 18, and 24 months, respectively, 
after treatment. Local recurrence was identified 
with MRI and control biopsy in eight patients, 
with positive findings in the untreated lobe in 
four of them.

Salvage HIFU was also evaluated in the con-
text of local recurrence after RP [34]. 
Asimakopoulos et al. analyzed data of a series of 
19 patients with palpable TRUS- and biopsy- 
proven local recurrence of PCa after surgery. All 
patients underwent single-session HIFU targeted 
to the recurrent cancer area. Overall, 17 of 19 
patients achieved a PSA nadir lower than 0.1 ng/
mL after 3 months; of them, 47 % had proven 
histologic findings of disease recurrence or 
underwent other salvage treatments for BCR at a 
median follow-up of 48 months. A median pre- 
HIFU PSA value of 2 ng/mL was significantly 
associated with better oncologic outcomes.

Data of focal salvage HIFU appear promising 
in terms of oncologic outcomes, but distant dis-
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ease must be ruled out, and intraprostatic disease 
must be accurately detected and localized. The 
Focal Recurrent Assessment and Salvage 
Treatment trial (FORECAST) is an ongoing study 
designed to evaluate the correct clinical pathway 
for patients with PCa recurrence by identifying 
the correct diagnostic tools (mpMRI, choline pos-
itron emission tomography/computed tomogra-
phy, bone scan, and MRI transperineal prostate 
biopsy) and evaluating the outcomes of salvage 
treatment with either HIFU or cryotherapy [35].

 Functional Outcomes
Very few data are reported in the literature 
regarding the functional assessment after sal-
vage focal HIFU (Table 24.3) [24, 25, 34]. In a 
series of 39 patients with PCa recurrence after 
EBRT, Ahmed et al. [24] showed an overall rate 
of patients being pad-free and leak-free of 64 % 
at 17-month follow- up and median IIEF-5 scores 
that decreased from 18 to 13 at 6 months. Finally, 
Baco et al. [25] reported a pad-free, leak-free 
rate of 75 % in a series of 48 patients after sal-
vage HIFU hemiablation.

 Complications

Focal HIFU should lead to lower morbidity rates 
compared with radical treatments [19]. The most 
frequent complications reported in the literature 
were urinary retention, urethral stricture, and uri-
nary tract infections (Table 24.4) [28–33]. In a 
prospective study comparing whole-gland and 
focal HIFU, the authors demonstrated lower rates 
of complications after focal treatment compared 

with the whole-gland treatment, especially in 
terms of both frequency of urethral strictures and 
symptomatic urinary tract infections (4 % and 
4 % vs 8.6 % and 11.4 %, respectively). They also 
described a shorter period of an indwelling ure-
thral catheter after focal therapy (15.2 vs 
19.7 days) [28]. In a series of 20 men treated with 
HIFU hemiablation, a suprapubic catheter was 
systematically placed before treatment, and all 
patients were able to void on postoperative day 2 
with the catheter clamped [29]. A total of 30 % 
experienced self-resolving mild to moderate 
intermittent dysuria lasting a mean of 6.5 days, 
and intermittent transient hematuria was also 
reported in 65 % overall. Similar rates of transient 
urinary troubles were recently reported by the 
same group in a larger series treated only at the 
level of the index lesion [33]. In the same study, 
urinary retention requiring a bladder neck incision 
was reported in 3.6 % of cases, and one patient 
was submitted to rigid cystoscopic resection of 
retained necrotic prostatic tissue causing recur-
rent urinary tract infections. Sivaraman and Barret 
[20] first reported the morbidity outcomes of focal 
treatment with different modalities as objectively 
assessed with the Clavien-Dindo system. 
Interestingly, they reported only minor- grade 
complications in the group of patients treated with 
HIFU. Similarly, in a more recently published 
series, only 14 % of patients treated with HIFU 
hemiablation had postoperative complications, of 
whom 11.2 % were scored Clavien grade 2 (uri-
nary infections and urinary retention) and 2.8 % 
showed a Clavien grade 3b complication (urinary 
retention treated with transurethral resection of 
the prostate [TURP]), underscoring the possible 
impact of baseline prostate volume on the risk of 
post-HIFU urinary retention [32]. Finally, due to 
an efficient system ensuring the safety of the rec-
tal wall during the procedure, rectal toxicity is 
poorly reported among published series, with 
only one study reporting the case of a patient 
showing postoperative diarrhea and mucous dis-
charge 2 weeks after treatment, who was submit-
ted to a mpMRI showing the affected serosal layer 
of the rectum without a sign of fistula [31].

In the context of salvage treatment, the morbidity 
prevalence of focal HIFU is lower compared with 

Table 24.4 Reported complications after focal high- 
intensity focused ultrasound for primary treatment of 
prostate cancer

Short-term complications

Urinary retention: 3.6–4 %
Intermittent dysuria: 30 %
Intermittent hematuria: 65 %

Mid- to long-term complications

Symptomatic urinary tract infections: 4 %
Urethral strictures: 4 %
Rectal fistula: 0 %
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other salvage therapy modalities. Ahmed et al. 
reported an overall rate of Clavien 3b complica-
tions as high as 23 % after focal salvage HIFU for 
radiorecurrent PCa [24]. One patient developed a 
rectourethral fistula that was managed with a 
suprapubic catheterization and a colostomy, lead-
ing to a spontaneous resolution after 6 months. 
The authors stated that the high energy levels of 
the pre-HIFU RT received, together with the 
small volume of the gland (17 mL) and the need 
to treat the seminal vesicles due to the cancer 
extension, were all contributing factors in the 
development of the rectal fistula in that specific 
case. Baco et al. [25] reported high- grade com-
plications in two cases only: a delayed pubic 
osteitis at 6-month follow-up and a pubovesical 
fistula, diagnosed in a patient with diabetes sev-
eral months after treatment that led to a cysto-
prostatectomy with urinary diversion.

 Conclusion

Focal HIFU can be considered a feasible treat-
ment in selected PCa patients according to cur-
rently published data. In the primary treatment 
setting, the oncologic outcomes of focal HIFU 
appear promising, even if strong evidence at long-
term follow-up are currently lacking. Patients 
with low- to intermediate-risk disease can be 
safely treated with the selective ablation of the 
cancerous areas, ensuring both good functional 
outcomes and low morbidity rates. Focal salvage 
HIFU appears to be an effective treatment for 
recurrence after either EBRT or BT, ensuring 
comparable oncologic outcomes with other treat-
ment modalities despite lower morbidity rates.

Above all, an à la carte approach, taking into 
account precise disease localization before treat-
ment, is recommended for better efficiency and 
fewer side effects of focal HIFU.
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 Introduction

The lower-stage migration of screen-detected 
prostate cancer, evolving understanding of the 
natural history of disease, and increased utiliza-
tion of multiparametric magnetic resonance 
imaging (mpMRI) and targeted biopsies are fuel-
ing continued interest in focal ablative therapies 
for prostate cancer. Laser focal therapy (LFT) 
delivers thermal energy to a targeted region of the 
prostate to produce coagulative necrosis and 
destroy a focus of cancerous cells while sparing 
nonmalignant prostate tissue and nearby vital 
structures.

Clinical trial NCT02243033 is an ongoing 
trial investigating the safety and efficacy and 
oncologic outcomes of transrectal, MR-guided 
LFT with near real-time MR thermometry (MRT) 
in an outpatient setting [1]. This study involves 

the use of the Visualase Thermal Therapy System 
(Medtronic, Minneapolis, MN, USA) coupled 
with the DynaLOC software and DynaTRIM 
hardware for instrument placement planning and 
transrectal access. Each of these devices and their 
respective components are commercially avail-
able for use as indicated in US Food and Drug 
Administration (FDA) 510(k) clearance; how-
ever, until 2010 they had not been used in combi-
nation; thus, investigation and establishment of a 
rigorous review in the setting of an institutional 
review board (IRB)-approved clinical trial were 
warranted.

Procedures are performed in a closed-loop 
fashion within the MRI to facilitate the MR tem-
perature imaging feedback for monitoring ther-
apy progress. Laser ablation targeting via 
transrectal approach was utilized to bring a 
known, highly researched, and commercialized 
approach to targeting of MR-visible prostate 
lesions, thus minimizing uncertainties in this 
aspect of the investigation. While a simple percu-
taneous transgluteal approach could be used for 
placement, this approach could limit access to 
some lesions and exclude some larger patients 
due to limitations on the applicator length and 
requires a higher level of expertise for accurate 
placement. Transperineal approaches are also 
being explored in the MR environment using 
MR-conditional templates and software for guid-
ance; however, there are no commercially avail-
able solutions for guidance at this time [2].
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 History

Preclinically, McNichols et al. originally investi-
gated the use of the Visualase Thermal Therapy 
System in the prostate in porcine and canine 
models [3, 4]. The canine prostate most closely 
resembles the human prostate. A transperineal 
approach was pioneered by Barqawi et al. at the 
University of Colorado [5] and further investi-
gated at the Mayo Clinic (NCT01743638) [6], 
the University of Toronto (NCT00448695) [7], 
and the University of Chicago (NCT01792024) 
[8]. Early results of Raz et al., Lindner et al., 
Woodrum et al., and Wenger et al. [9–12] demon-
strated the safety and feasibility of the transperi-
neal approach to focally ablate prostate cancer in 
human subjects. McNichols et al. applied laser 
interstitial thermal therapy in neurologic applica-
tions, further demonstrating the precision and 
control achieved with the MRI-guided, real-time 
MR-thermal mapping technique [13, 14]. The 
precision and control demonstrated in the neuro-
logic setting were postulated to be reproducible 
in the prostate gland.

In 2009 an MRI-guided in-bore biopsy system 
[15] was FDA cleared for prostate biopsy using 
DynaLOC computer software (Fig. 25.1) for 

planning and DynaTRIM MRI-compatible posi-
tioning hardware (Fig. 25.2) for device delivery. 
This novel system was awarded the Medical 
Design Excellence Award (Gold) 2010 in the 
radiological and electromechanical devices cate-
gory [16]. It was hypothesized that the same 
equipment that was used for planning the trajec-
tory of the biopsy gun could possibly be useful 
for laser applicator placement and laser energy 
delivery with a transrectal approach. In 2008, 
McNichols, Greenwood, and Stafford conducted 
preclinical experiments with phantoms at MD 
Anderson Cancer Center. The objective was to 
simulate workflow for assembly of devices and 
delivery of treatment in-bore using existing, com-
mercially available instruments and equipment. 
The components included:

• Visualase laser fiber
• Cooling catheter
• Introducer
• Trocar
• Needle guide

In 2010, Feller et al. established the first IRB- 
approved clinical trial for transrectally delivered, 
MRI-guided laser focal therapy of prostate can-
cer using real-time MR thermometry in an outpa-
tient setting (NCT 02243033) with the first 
patient treated in May 2010 [1]. Initially the 
study was intended for treatment-naïve, organ- 
confined, low- and intermediate-risk prostate 
cancer; however, a protocol amendment was 

Fig. 25.1 DynaLOC module of DynaCAD software for 
interventional planning of trajectory for prostate biopsy or 
other intervention. Figure courtesy of Invivo Corporation, 
Orlando, FL, USA

Fig. 25.2 DynaTRIM hardware for positioning of needle 
guide prior to insertion of coaxial or applicator. Figure 
courtesy of Invivo Corporation, Orlando, FL, USA

J.F. Feller et al.
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approved by the institutional review board for 
salvage treatment in carefully selected research 
subjects [1].

Since focal therapy had become a topic of 
discussion and was evolving rapidly, an interna-
tional consensus panel consisting of 15 expert 
members generated a report in 2014 [17] for the 
purpose of providing guidance to clinicians on 
focal therapy of localized disease in clinical 
practice and trial design from the perspective of 
experts in the field. Consensus was reached 
using the RAND/UCLA appropriateness meth-
odology [18]. Topics addressed included patient 
selection, setting, outcomes measures, and re-
treatment. NCT02243033 pre-dated these guide-
lines (Table 25.1) [1].

Evidence has demonstrated that active sur-
veillance can be used judiciously in men with 
low- risk Gleason score 3+3 low-volume disease 
[19]. Our study included Gleason score 3+3, 
3+4, and 4+3 in the treatment-naïve group and 
carefully selected men of any Gleason score for 
the salvage limb [1].

 Procedure Planning with MRI 
Guidance

At our institution, we rely heavily on MRI to 
detect, localize, biopsy, treat, and follow each 
focus of prostate cancer. Our multiparametric 
MRI (mpMRI) protocol consists of T2-weighted 
axial, sagittal, and coronal imaging, axial 
diffusion- weighted imaging (DWI), and dynamic 
contrast-enhanced (DCE) imaging. Apparent dif-
fusion coefficient (ADC) maps and histograms 
are also generated. Scans are acquired with two 
8-channel general-purpose “flex” coils (Invivo, 
Orlando, FL, USA), which operate as a 16- channel 
phased array on a Philips Achieva XR ramped to 
1.5 T (Philips Healthcare, Best, the Netherlands). 
An important aspect of our MRI-based prostate 
program is the choice of equipment used for 
imaging and intervention. Many artifacts, such as 
motion, susceptibility, and metallic and dielectric 
signal losses, are linearly worse at higher field 
strengths, negatively impacting image quality. 
Additionally, some patients and implants contra-

indicated for 3 T can still be scanned safely and 
on label at 1.5 T. Therefore, we use a 1.5 Tesla 
system for continuity of care for imaging, biopsy, 
therapy delivery, and follow-up. For therapy it is 
particularly helpful to use 1.5 T as the thermal 
maps are gradient echo based and are less influenced 

Table 25.1 NCT02243033 study parameters [1]

Ages eligible for study 45 years to 90 years

Genders eligible for study Male

Accepts healthy volunteers No

Sampling method Non-probability sample

Inclusion criteria (treatment naïve)

Male, 45 years of age or older

Diagnosis of prostate adenocarcinoma

Clinical stage T1c or T2a

Gleason score of 7 (3+4 or 4+3) or less

Three or fewer TRUS biopsy cores with prostate 
cancer

PSA density not exceeding 0.375 ng/ml/cc

One, two, or three tumor-suspicious regions identified 
on multiparametric MRI

Negative radiographic indication of extra-capsular 
extent

A Karnofsky performance status of at least 70

Estimated survival of 5 years or greater, as determined 
by treating physician

Tolerance for anesthesia/sedation

Ability to give informed consent

At least 6 weeks since any previous prostate biopsy

MR-guided biopsy confirmation of adenocarcinoma at 
one or more MRI-visible prostate lesion(s) with 
Gleason score of 7 (3+4 or 4+3) or less

Inclusion criteria for salvage limb

Previous prostate cancer treatment with biochemical 
recurrence

MR-guided biopsy confirmation of locally recurrent 
adenocarcinoma at one or more MRI-visible prostate 
lesions

Exclusion criteria

Presence of any condition (e.g., metal implant, 
shrapnel) not compatible with MRI

Severe lower urinary tract symptoms as measured by 
an International Prostate Symptom Score (IPSS) of 20 
or greater

History of other primary non-skin malignancy within 
previous 3 years

Diabetes

Smoker

TRUS transrectal ultrasound, PSA prostate-specific anti-
gen, MRI magnetic resonance imaging
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by bowel gas, motion, and other artifact-generat-
ing problems such as hip arthroplasty at 1.5 T. For 
our study [1], the same reader interprets each 
mpMRI, and the same interventional radiologist 
performs each in-bore MR-guided biopsy. The 
entire research team, which includes two radi-
ologists, a researcher, and a registered MRI 
technologist, is present for all laser focal ther-
apy treatments.

The published negative predictive value 
(NPV) of mpMRI for exclusion of clinically sig-
nificant prostate cancer is 63–98 % [20, 21]. 
Using this relatively high negative predictive 
value, we can target the most aggressive appear-
ing component of even a heterogeneous lesion 
for biopsy using the inverse linear relationship of 
apparent diffusion coefficient value and aggres-
siveness of disease [22–25]. Assigning a Prostate 
Imaging Reporting and Data System version 2 
(PI-RADS v2) suspicion score [26] to each lesion 
helps to standardize lesion scoring, description, 
and follow-up, i.e., observation or biopsy. Figure 
25.3 illustrates the workflow for performance of 
in-bore MRI-guided interventional planning for 
laser therapy delivery.

With intravenous access established, the 
patient lays prone on the MRI table with a dual- 

array 16-channel receive-only phased-array coil 
placed anteriorly and posteriorly over the pelvis. 
A transrectal needle guide is inserted in the rec-
tum using viscous lidocaine as lubricant and 
anesthetic. The needle guide (Fig. 25.4) is 
mounted to the clamp stand (Fig. 25.5), which 
can be adjusted anterior-posterior, left-right, and 
head-foot. The needle guide functions two ways: 
It is both a receptacle for the biopsy gun or other 
instrument and also functions as a fiducial 
marker. When imaged in-plane, it appears as two 
bright, parallel white lines. Using the localization 
software, a cursor is placed at the tip of the nee-
dle guide on a sagittal T2-weighted image. The 
patient is scanned in the axial plane and that 
image is imported. A cursor is placed on the sus-
picious region, and the software calculates the 
delta between the needle guide starting position 
and the anticipated target location. The software 
displays coordinates to adjust the needle guide 
position to achieve the desired trajectory.

When performing laser therapy, the device tra-
jectory is planned, and the device is adjusted to 
reach the lesion prior to device insertion; how-
ever, the z-depth of insertion is adjusted to 
 subtract the pre-calculated throw of the biopsy 
gun. As of this writing, the software does not 

Fig. 25.3 DynaLOC 
user interface displaying 
sagittal calibration scan 
(upper left), adjustment 
coordinates (upper 
right), and axial 
planning image (lower 
left)

J.F. Feller et al.
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accommodate a throw-less introducer, so one 
must manually subtract the automatically gener-
ated recommend throw.

 Procedure

Laser energy can be deposited into tissue at a 
range of power settings, leading to various rates 
of energy delivery. Higher powers deliver at 
faster rates and tend to use shorter exposure 
times. All procedures performed at our institution 
are conducted using an FDA-cleared 15 W 
Visualase Thermal Therapy System. This laser 

system is available in 15 W and 30 W models. 
While the system is listed by the vendor as MR 
conditional for use at magnetic field strengths up 
to 1.5 T at this time, investigators have reported 
findings at 3.0 T as well [11]. Per the manufac-
turer, “The catheter and fiber are MR compatible 
up to 1.5T, however the SMA connector on the 
proximal end of the LDF is not. Damage to imag-
ing equipment or patients can occur if appropri-
ate precautions are not taken” [27].

The 15 W laser system utilizes a 980 nm diode 
laser. The system is on a consolidated mobile cart 
with the laser, a computer, a dual monitor vertical 
display, and a water pump (Fig. 25.6). The laser 

Fig. 25.4 Transrectal needle guide. Figure courtesy of 
Invivo Corporation, Orlando, FL, USA

Fig. 25.5 Clamp stand allows adjustment of the needle 
guide in the anterior-posterior. Left-right and head-foot 
directions to achieve planned trajectory. Figure courtesy 
of Invivo Corporation, Orlando, FL, USA

Fig. 25.6 Visualase Laser Therapy System (Medtronic, 
Minneapolis, MN, USA)
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is powered by standard AC power, and the 
 thermal mapping software is connected to the 
MRI scanner via an Ethernet cable.

The laser fiber is housed within a water-cooled 
applicator. Water cooling is helpful to facilitate 
use of higher laser powers being generated to cre-
ate larger foci of coagulation necrosis (1.5–
2.0 cm diameter) in a relatively short time 
(60–150 s) without charring the tissue adjacent to 
the applicator surface. Charring would result in 
increased absorption at this interface and an 
inability to generate a large focus of coagulation 
necrosis as well as potential damage to the appli-
cator itself. To this end, a room temperature 
saline bag is hung from an intravenous (IV) pole 
on the Visualase cart, and tubing is run through a 
peristaltic pump that is part of the system to 
deliver normal saline through a cooling catheter 
to protect the heat-diffusing tip during heating. It 
is important to check to make sure there is flow 
and no leaks along the line prior to the start of 
heating. While the Visualase system uses MR 
temperature imaging to measure tissue tempera-
ture changes, it does not monitor absolute tem-
perature. Therefore, it is important to pay careful 
attention to when the cooling pump is turned on 
and off. During real-time monitoring, generally 
the pump is turned on just prior to laser delivery, 
and the baseline reference image is set after the 
pump has started to avoid flow artifacts in the 
temperature maps and thermal damage images 
(Figs. 25.7 and 25.8).

Additionally, while cooling can assist in 
returning to baseline prior to the next ablation, 
the pump should be turned off after an ablation if 
a new baseline is to be acquired in the subsequent 
ablation site. Baseline reference images should 
always be as close to normal body temperature as 
possible with the Visualase system. This extends 
to urethral and rectal cooling scenarios as well, 
when employed.

Table 25.2 lists the tray setup for the procedure.
As part of the IRB-approved single institu-

tion clinical trial, the risks, benefits, and alterna-
tives of MR-guided laser focal therapy of the 
prostate gland are explained to each patient and 
all questions answered. Both verbal and written 
informed consent are obtained. Each patient 

reviews and signs a California Human Subjects 
Bill of Rights. A formal documentation of the 
informed consent process is completed by 
research staff for every subject. Patients are 
informed that this procedure, regardless of com-
plexity or time, may be associated with unfore-
seen problems, which may include but are not 
limited to the following, taken from our 
informed consent document:

Fig. 25.7 Axial thermal map image

Fig. 25.8 Axial irreversible damage estimate image

J.F. Feller et al.
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• Pain and/or discomfort
• Excessive bleeding from the rectum/anus
• Hematuria
• Hematospermia
• Urinary retention
• Urinary tract infection or urosepsis
• Erectile dysfunction
• Urinary incontinence
• Numbness of the penis
• Residual prostate cancer
• Thermal injury to nearby organs
• Carbonization of laser applicator
• Rectal fistula

Regarding rectal fistula, a search of the US 
FDA MAUDE adverse event report database 
revealed a single report of an event dated April 17, 
2015: Medtronic Navigation, Inc. (Louisville) 
SYSTEM 002-3100 30 W Thermal Therapy 
Powered Laser Surgical Instrument, Device 
Problems: Patient-Device incompatibility [28]. 
The report, submitted by the manufacturer, con-
tains a manufacturer narrative that explains the 

nature of the rectourethral fistula experienced by 
the patient and ascribes the event to previous treat-
ment of the patient with radiation therapy and sub-
sequent weakening of the rectal wall. According to 
the report, it was hypothesized by the surgeon that 
this weakening prevented recovery in the way nor-
mal, healthy tissue would heal, thus causing the 
rectourethral fistula. The report also cites two 
occurrences of erectile dysfunction [28].

Conscious sedation is performed during the 
laser focal therapy procedure utilizing intrave-
nously administered Versed (midazolam) and 
intravenously administered fentanyl. Prophylactic 
antibiotic therapy is also administered including 
500 mg of orally administered ciprofloxacin 
twice a day the day before, the day of, and for 
3 days following the laser focal therapy as well as 
intravenously administered gentamicin 80 mg 
given at the time of the laser focal therapy.

The patient is positioned prone in a 1.5 T 
Philips Achieva XR MR System (Best, the 
Netherlands). MR guidance for laser placement 
within the prostate is performed using the Invivo 
DynaTRIM hardware and DynaLOC software 
(Invivo, Orlando, FL, USA). An endorectal nee-
dle guide is placed in the rectum coated with ben-
zocaine or lidocaine gel for topical anesthesia. 
Following calibration scanning, a periprostatic 
nerve block is performed bilaterally utilizing MR 
guidance and a 22-gauge MR-compatible tita-
nium needle; 10 cc of 0.5 % Marcaine is injected 
into the periprostatic fat at the junction between 
the prostate gland and the seminal vesicle bilater-
ally—an anatomic feature referred to as the “Mt. 
Everest sign” (Fig. 25.9).

This technique of nerve block, referred to in 
the urologic literature as the “Mt. Everest tech-
nique,” is usually performed for transrectal 
prostate biopsies under ultrasound guidance 
[29, 30]. While the “Mt. Everest technique” per-
formed under MRI guidance has not yet been 
described in the literature, we have found the 
procedure easily performed and an important 
component of pain management in addition to 
conscious  sedation during the laser focal ther-
apy (Figs. 25.10, 25.11, 25.12, and 25.13).

The MR-visible index lesion is localized uti-
lizing T2-weighted fast spin echo (FSE) imaging 

Table 25.2 Tray setup for laser focal therapy

Urokit: 400 or 600

Laser fiber optic 980 nm diode

Cooling catheter

Titanium stiffener

13G introducer trocar

13G introducer catheter/sheath

Cooling fluid line set

Effluent collection bag

Steri-strips

NaCl: 1000 cc bag (cooling fluid)

TRIM needle guide

HurriCaine (benzocaine) gel or lidocaine gel

22 g titanium Bx needle set

0.5 % Marcaine—nerve block

Alcohol wipes

IV gentamicin 80 mg

IV midazolam (Versed)

IV fentanyl

IV hydromorphone hydrochloride (Dilaudid)

Oxygen/nasal cannula

IV Romazicon (flumazenil)

IV naloxone (Narcan)

IV ondansetron (Zofran)
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and diffusion-weighted imaging (DWI) with an 
apparent diffusion coefficient (ADC) map calcu-
lated. The laser fiber and cooling catheter are 
made of nonmetallic materials but are visible on 
MRI, making it superior to other energy sources 
for imaging while the device is in place. In par-
ticular, metal-based applicators create suscepti-
bility artifacts, which are problematic for both 
MR temperature imaging as well as the echo- 
planar imaging sequence utilized for DWI lesion 
localization. While attempting to localize, these 

artifacts are most pronounced on DWI, often 
obscuring the tumor and much of the gland due to 
magnetic field inhomogeneity, susceptibility, and 
distortion. This problem is not encountered with 
the Visualase laser, which is imageable in vivo.

Le Nobin et al. examined the performance of 
mpMRI compared to whole-mount histology and 
noted underestimation of lesion volume with 
mpMRI [31]. This has led to the pursuit of a 1 cm 
margin around the MR-visible lesion as a goal of 
treatment planning.

The target is localized using the DynaLOC 
software designed to be used with the DynaTRIM 
hardware localization system. Following this, a 
150 mm 13-gauge MR-conditional coaxial nee-
dle system is then inserted into the prostate gland 
through the endorectal needle guide into the tar-
get tumor. A confirmation scan of the needle 
position is obtained and adjustments made if 
needed. The needle trocar is then removed from 
the catheter sheath. A water-cooled laser applica-
tor rated for a 15 W 980 nm laser source 
(Visualase Urokit 400) is introduced through the 
catheter sheath into the tumor using a titanium 
MR-conditional stiffener. For small tumors or 
those located in the apex near the external ure-
thral sphincter, the smaller laser applicator with a 
1 cm heat-diffusing tip (Visualase Urokit 400) is 
utilized. For larger tumors located elsewhere in 
the prostate gland, the larger laser applicator with 
a 1.5 cm heat-diffusing tip (Visualase Urokit 
600) is utilized.

The placement of the tip of the laser applicator 
is verified via acquisition of a two-dimensional 
fast steady-state acquisition (2D bFFE) in the axial 
and sagittal planes. The stiffener in the cooling 
catheter is then replaced with the laser fiber.

The real-time biplane MR temperature imag-
ing series (MR thermometry) is prescribed from 
the steady-state series and then transferred dur-
ing acquisition real-time to the Visualase com-
puter and is converted into temperature maps 
based upon the phase data from the fast gradient 
echo acquisition. The in-plane resolution of the 
MR thermometry is approximately 2.6 mm2 with 
a 4 mm slice thickness acquired every 5–7 s. The 
temperature map is biplane, facilitating control 
and safety in the axial and sagittal planes 

Fig. 25.9 Axial 2D bFFE image with the “Mt. Everest” 
peak of fat between the seminal vesicle, prostate, and rec-
tum (arrow)

Fig. 25.10 Axial 2D bFFE image confirming the posi-
tion of the 22 g needle in the apex of the “Mt Everest” 
peak of fat (arrow)
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 contemporaneously. The heat-diffusing laser 
applicator tip location and laser output and func-
tionality are verified prior to therapy using a test 
dose of 4.5 W (30 % power on the 15 W system) 
monitored with MR thermometry. This is usually 
enough applied power to visualize the focus of 
heating on the Visualase system and compare to 
the anticipated location, but not enough power to 
cause thermal damage regardless of the exposure 
time; i.e., the temperature remains below 
43 °C. With this information overlaid on the ana-
tomical images, safety cursors can be pro-

grammed into the Visualase system. Generally, 
at least one high-temperature safety cursor is 
placed adjacent to the laser applicator and set to 
terminate power delivery if the estimated tem-
perature on the MR temperature image exceeds 
90 °C. Low-temperature safety cursors can be 
used to control the maximum temperature deliv-
ered to nearby, heat-sensitive critical structures 
such as the rectal wall or external urethral 
sphincter. Lastly, safety cursors may be used to 
monitor the return of the tissue temperature 
within the treatment volume, such as temperatures 

Fig. 25.11 Axial STIR 
image showing the 
normal perirectal fat and 
seminal vesicles before 
the bilateral periprostatic 
nerve block injections

Fig. 25.12 Axial STIR 
image after bilateral 
periprostatic nerve block 
injections showing the 
bilateral infiltration of 
the fat in the 
rectoprostatic angles 
(arrows)
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achieved in the peri-ablational zone surrounding 
the visible irreversible damage estimate on the 
Visualase system.

Important temperature limits for monitoring 
thermal therapy with MR thermometry are sum-
marized in Table 25.3 (Visualase) [32].

When the decision is made by the surgeon to 
deliver treatment, the patient is reminded to 
remain still during the therapy so temperature 
images do not suffer from motion-related arti-
facts. A 15 W laser operating at 980 nm is used to 
deliver therapy using 80–90 % of the maximum 
available power (12–13.5 W) with exposure 
times of 120–150 s. While 30 W lasers are avail-
able, applied power >15 W has not been found to 
be necessary to achieve the prescribed coagula-
tion necrosis dimensions desired in the prostate. 
In our experience, the applied power range used 

provides a good tradeoff between the rate of 
coagulation necrosis formation and the ability to 
respond to and control the coagulation necrosis 
volume and location.

The laser applicator is inspected following 
each thermal ablation cycle whenever the appli-
cator is removed to place in a new treatment loca-
tion. Any charring or carbonization of the laser 
applicator should result in discontinued use 
because fiber damage increases rapidly with con-
tinued use. Materials become susceptible to fail-
ure with repeated treatments and heating. To 
prevent carbonization damage to the laser appli-
cator, it is important to:

• Respect the heating-cooling cycle of no more 
than a 150-s treatment time at 80–90 % 
(12–13.5 W) followed by cooling below 
40 °C between treatments.

• Make sure the cooling catheter water pump is 
functioning during treatments.

• Withdraw the laser fiber within the cooling 
catheter, avoiding too many treatments in one 
location.

• Clean the laser cooling catheter tip with alco-
hol wipes each time it is removed.

The 150 mm 13-gauge MR-compatible coax-
ial system is placed into the prostate gland 

Fig. 25.13 Axial STIR 
image more inferiorly 
after bilateral 
periprostatic nerve block 
injections showing the 
bilateral infiltration of 
the fat in the 
rectoprostatic angles 
(arrows)

Table 25.3 Temperature limits for monitoring thermal 
therapy with MR thermometry

>100 °C: Vaporization of intra- and extracellular 
water. Rupture of cell membranes

60–100 °C: Instant denaturation of proteins and 
cellular components. Tissue coagulation

44–59 °C: Time-dependent thermal damage. Thermal 
denaturation of critical enzymes, cell death

~43 °C: Critical temperature below which thermal 
damage does not occur regardless of exposure time

J.F. Feller et al.



335

through the rectum strategically to minimize the 
number of rectal wall punctures required for 
 adequate coverage of the tumor by the laser focal 
therapy. The laser applicator and coaxial needle 
system are removed from the endorectal needle 
guide upon confirmation of total tumor ablation 
with a 1 cm margin as measured by the Arrhenius 
damage integral (aka irreversible damage esti-
mate) displayed by the Visualase system.

Immediately following therapy, a standard 
intravenous dose of gadolinium-based contrast 
agent is delivered, and 2D axial and sagittal 
T1-weighted gradient-recalled imaging is per-
formed utilizing water excitation for fat suppres-
sion. These perfusion-weighted images are 
assessed providing a means for ablation zone/
coagulation necrosis measurement and evalua-
tion of evidence of periprostatic necrosis. They 
are also assessed for evidence of coagulation 
necrosis involving the rectal wall, neurovascular 
bundles, or external urethral sphincter.

After the endorectal needle guide is removed, 
the patient must demonstrate ability to void 
before leaving the outpatient facility. If the 
patient cannot void, a 14 Fr or 16 Fr coude uri-
nary catheter is inserted and subsequently 
removed after his 48-h follow-up mpMRI. Rarely 
a suprapubic urinary catheter may be required. 
The patient is provided with post-procedure 
instructions and precautions, copies of informed 
consent document and California Human 
Subjects Bill of Rights, and a follow-up appoint-
ment schedule. The patient is instructed to return 
at 48 h for a diagnostic post-laser focal therapy 
multiparametric MRI of the prostate gland and an 
ultrasound of the urinary bladder pre- and post- 
void to exclude any significant post-void residual 
volume within the urinary bladder.

 Mechanism of Action

As previously stated, laser energy can be deposited 
into tissue at various rates based on the power level 
used. Here we describe our technique. All proce-
dures performed at our institution utilize a 15 W 
laser system incorporating a 980 nm interstitial 
diode laser inside a cooling catheter (Fig. 25.14).

The near real-time (5–7 s per update) MR 
thermometry acquired by the MRI and displayed 
on the Visualase utilizes the water proton reso-
nance frequency (PRF) shift thermometry tech-
nique [33]. By looking at changes in the phase 
of a gradient-recalled echo sequence to estimate 
temperature-dependent frequency shifts, this 
technique provides a quantitative estimate of tem-
perature change versus an initial reference image. 
The technique has been well characterized and is 
used in other FDA-cleared technology for ther-
mal ablation, such as MRI-guided focused ultra-
sound (ExAblate 2100 l Insightec, Haifa, Israel). 
The temperature sensitivity coefficient (α[alpha]) 
for the PRF is approximately −0.01 ppm/°C in 
soft tissue and varies relatively little in different 
tissues, whether treated or untreated. A fairly 
rigorous technical review versus competing tech-
niques can be found in Rieke et al. [34]. Briefly, 
the temperature dependence of the water reso-
nance is due to temperature- dependent hydrogen 
bond lengths, which allow the protons to spend 
more or less time in close proximity to their par-
ent oxygen, resulting in an approximately linear 
temperature-dependent change in the chemi-
cal shift (σ[sigma]). The chemical shift is usu-
ally given in parts per million with respect to 
the Larmor frequency (γ[gamma]B0), where 
γ(gamma) is the proton gyromagnetic ratio and 
B0 is the field strength. Knowing this, the phase 

Fig. 25.14 Cooling 
catheter system (CCS) 
for protection of 
laser-diffusing fiber 
(LDF) during thermal 
ablation (Medtronic, 
Minneapolis, MN, USA)
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change measured between two gradient-recalled 
echo images relates to the temperature change 
(Δ[Delta]T) as

D f p g
a D

Delta gamma

alpha Delta

( ) ( ) = - ( ) ( )
( ) ( )

phi pi

TE

2 0

,

B

T

where TE is the sequence echo time. From this 
relation, the temperature can be estimated.

It should be noted that since lipid tissue is 
covalently bonded, it has no temperature- 
dependent changes. Therefore, lipids should be 
suppressed or avoided to avoid errors unless 
more advanced techniques are employed. Also, 
all changes in the local magnetic field captured 
by this phase change are expected to come from 
temperature only during the measurement period. 
Changes from non-temperature-dependent 
sources, such as due to motion, particularly near 
susceptibility interfaces, or drift in the field over 
long periods of time, result in errors in the tem-
perature measurement and should be considered 
if present in data.

Damage to tissue from rapid, high- temperature 
heating can be modeled as an Arrhenius rate pro-
cess, whereby the damage (Ω[Omega]) is cumula-
tive over the course of the exposure. This can be 
expressed as an integral over time (in seconds) as
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/
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where A is a frequency factor (3.1 × 1098 s−1), 
Ea (6.25 × 105 J/mol) is the activation energy, R is 
the universal gas constant, and T(τ[tau]) is the 
absolute temperature in degree Kelvin as a func-
tion of time [35, 36]. The Visualase system uses 
the estimated temperature from the MR tempera-
ture images to calculate this integral discretely on 
a voxel-by-voxel basis to provide an estimate of 
damage (Ω[Omega] ≥1) [37].

During a patient treatment, an initial nonthera-
peutic dose is administered for acquisition of base-
line images (body temperature T0 = 37.2 °C). Once 
the laser-diffusing fiber (LDF) is localized in mul-
tiple planes and placement in the desired tissue is 
confirmed, the energy is increased, and cycles of 
energy are administered for 120–150 s at 80–90 % 

energy at 15 W until coagulation necrosis is 
achieved. On the Visualase platform, the colorized 
thermal map, temperature graph, and calculated 
irreversible damage estimate (orange color overlay 
on the anatomic image) are depicted on the user 
interface during treatment (Fig. 25.15).

Low-temperature control points are placed 
adjacent to sensitive structures such as the rectal 
wall, external urethral sphincter, and neurovascu-
lar bundles in order to avoid undesired tissue 
damage. Should the temperature exceed a preset 
threshold, the laser aborts automatically to pro-
tect the designated regions. Careful consideration 
must be given to the factors influencing energy 
delivery and lesion size including:

• Core fiber size (Urokit 400 vs. Urokit 600)—
for small lesion or those near sensitive struc-
tures, a smaller fiber with more cycles of 
ablation may be preferred over the larger fiber 
to minimize risk of undesired damage.

• Duration and amplitude of energy—by 
increasing or decreasing laser energy power or 
exposure time.

• Cooling rate—thermal damage can be con-
trolled by adjusting the flow rate of saline in 
the cooling catheter. If urethral or rectal cool-
ing is used, this can also reduce the rate and 
extent of therapeutic thermal damage.

• Location of rectal wall punctures and therapy 
trajectory—strategic planning of tumor abla-
tion will minimize number of rectal wall 
punctures and ensure contiguous volume abla-
tion/coagulation necrosis to the desired 1 cm 
margin around the MRI-visible lesion.

During planning it is imperative to note the 
location of the rectal wall, external urethral 
sphincter, and neurovascular bundles and to 
assess their relationship and proximity to the tar-
get lesion in multiple planes. It may be desirable 
to plan multiple, low-energy, long-duration treat-
ments in tissue close to sensitive structures to 
avoid unintended irreversible damage to those 
tissues. Another strategy is to increase the saline 
flow rate through the cooling catheter.

To reiterate, our institution uses a 15 W rather 
than 30 W laser system for the following reasons:
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• The tumors requiring ablation can be in close 
proximity to anatomic structures that warrant 
careful monitoring and repeated cooling for 
an acceptable safety profile.

• Power greater than 12–13.5 W for greater than 
150 s increases the risk of carbonization of the 
laser applicator.

• Power of 12–13.5 W for up to 150 s combined 
with multiple treatment sites can create ade-
quate volumes of coagulation necrosis in a 
reasonable procedure time.

• Manufacturer maximum thresholds in indica-
tions for use are achievable with either system.

 Case Study

Prior to each therapy, a tumor board is convened 
to review each case. This discussion includes 
review of the subject’s clinical history, inclusion/

exclusion criteria, and prior multiparametric MRI. 
Magnetic resonance-guided biopsy pathology is 
reviewed and correlated to imaging findings.

Presented as a case example is a 70-year-old 
patient with a serum PSA = 5.4 ng/mL and no his-
tory of a TRUS biopsy who underwent mpMRI of 
the prostate gland. Axial T2-weighted (T2 W) fast 
spin echo image (Fig. 25.16), apparent diffusion 
coefficient (ADC) map image (Fig. 25.17), high 
b-value (b = 1400) diffusion-weighted imaging 
(DWI) (Fig. 25.18), and dynamic contrast- 
enhanced (DCE) image (Fig. 25.19) demonstrate 
the tumor-suspicious region, PI-RADS 5, in the 
right transition zone anteriorly to the right of mid-
line at the mid-gland level. MR-guided in- bore 
biopsy of this lesion demonstrated adenocarci-
noma Gleason score 3+4 confined to the prostate 
gland. The patient underwent transrectal 
MR-guided laser focal therapy in an outpatient 
setting. Figure 25.20 demonstrates an axial 

Fig. 25.15 Visualase user interface for planning and monitoring thermal dose
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gradient- recalled echo (GRE) image of the laser 
applicator in place. Figure 25.21 is a sagittal 
gradient- recalled echo (GRE) image of the appli-
cator tip in position. The thermal map image (Fig. 
25.22) demonstrates heating of the intended target 

area and temperature map. Anatomic imaging is 
used to guide placement of the laser applicator, 
and the user can monitor therapy delivery from 
irreversible damage estimate images (Fig. 25.23). 
The tumor was treated successfully with no com-

Fig. 25.16 Axial T2 FSE

Fig. 25.17 Axial apparent diffusion coefficient (ADC) 
map image

Fig. 25.18 Axial high b-value diffusion-weighted image 
(DWI)

Fig. 25.19 Axial dynamic contrast-enhanced (DCE) 
image
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plication as evidenced by 48-h posttreatment con-
trast-enhanced images (Fig. 25.24) and perfusion 
map (Fig. 25.25) images documenting non-
enhancing coagulation necrosis completely 
replacing the mpMRI abnormalities associated 
with the focus of prostate cancer.

 Preliminary Results

The technique for performing transrectally deliv-
ered, MRI-guided laser focal therapy has evolved 
into an outpatient procedure that can be safely 

Fig. 25.20 Axial gradient-recalled echo (GRE) image of 
laser in place

Fig. 25.21 Sagittal gradient-recalled echo (GRE) image 
of laser in place

Fig. 25.22 Thermal map axial image

Fig. 25.23 Irreversible damage estimate axial image
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performed in 1.5–4 h depending upon the size, 
shape, and geometry of the tumor(s). As of this 
writing, 87 prostate cancer foci have been treated 
with transrectal MRI-guided laser focal therapy 
in 62 men in our current IRB-approved Phase I 

clinical trial [1]. Outcome measures for the ongoing 
Phase I clinical trial are listed below:

Primary Outcome Measures:

• Safety. Time Frame: 1 year posttreatment 
reported as number of subjects reporting seri-
ous adverse events

Secondary Outcome Measures:

• Efficacy of treatment. Time Frame: 1 year 
posttreatment reported as MR-guided biopsy 
results of treated area and PSA

Other Outcome Measures:

• Damage estimate volume measurement. Time 
Frame: 24–96 h reported as measurement (in 
cc) of Visualase estimates of thermal damage 
compared to acute post contrast MR images

• Approach efficacy. Time Frame: 24–96 h 
reported as number of patients reporting 
inability to tolerate the procedure

• Quality of life. Time Frame: 1 year posttreat-
ment reported as patient responses to 
International Prostate Symptom Score (IPSS), 
Sexual Health Inventory for Men (SHIM), and 
Patient Health Questionnaire (PHQ)-9 surveys

In the current Phase I clinical trial, no statisti-
cally significant change in IPSS or SHIM scores 
has been documented [1]. Mean PSA levels in our 
treatment-naïve cohort decreased 35 %, while the 
salvage population mean PSA decreased 47 %. 
Although no patient experienced a serious adverse 
event, one treatment resulted in carbonization of 
the laser applicator associated with a retained 
cooling catheter tip, which the patient spontane-
ously expelled while voiding without sequelae. 
During the 6 years since the clinical trial began, 
no patient has developed metastatic prostate can-
cer and no mortality from prostate cancer has 
occurred. Fifteen patients have successfully 
undergone repeat laser focal therapy for marginal 
recurrence of prostate cancer, and five patients 
have successfully undergone subsequent whole-
gland therapy for incidence prostate cancer.

Fig. 25.24 Axial DCE image 48 h posttreatment

Fig. 25.25 Axial perfusion map 48 h posttreatment
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 Discussion

In our Phase I clinical trial experience as of this 
writing, transrectally delivered, MRI-guided 
laser focal therapy of prostate cancer is safe and 
feasible for both treatment-naïve and salvage 
patients in an outpatient setting on a 1.5 Tesla 
MRI system [1]. This study has also documented 
that patients who have undergone transrectal 
MRI-guided laser focal therapy remain re- 
treatment viable, with either additional laser 
focal therapy or whole-gland therapy.

Conspicuously absent from the transrectal, 
outpatient approach to the MRI-guided laser 
focal therapy procedure are the following: (1) 
general anesthesia, (2) hospitalization, (3) anes-
thesiologist, (4) 3 Tesla MRI system, (5) endorec-
tal MRI coil, and (6) MR spectroscopy. The 
addition of the newly modified “Mt. Everest” 
technique utilizing MRI guidance for the peri-
prostatic nerve block, in particular, has favorably 
affected the anesthesia requirements and patient 
tolerance for this outpatient procedure.

By significantly reducing healthcare resources 
including staffing necessary to perform focal 
therapy for the treatment of prostate cancer, the 
cost-effectiveness and access compare favorably 
to other focal therapy strategies.

There are some additional advantages of laser 
energy over other energy sources for focal ther-
apy of prostate cancer. First, laser therapy has the 
most precise temporal and spatial localizing con-
trol. Second, the transition zone between coagu-
lation necrosis and viable tissue from laser 
thermal therapy measures 0.5–2.5 mm, produc-
ing a discrete, focused area of ablation. [4] Third, 
the biplane real-time feedback of MR thermom-
etry and safety controls ensures the favorable 
safety profile of laser focal therapy. Several other 
energy sources are not MRI compatible, or the 
device cannot function with real-time MR ther-
mometry because of susceptibility artifact or 
magnetic field inhomogeneity. Both the MR ther-
mometry gradient echo sequence (GRE) and the 
diffusion-weighted imaging (DWI) are exqui-
sitely sensitive to susceptibility and magnetic 
field inhomogeneity issues. Transrectal high- 
intensity focused ultrasound (HIFU) is limited to 

small glands (<40 cc), and many energy sources 
are used to perform hemiablation or “regional” 
ablation as opposed to true focal therapy.

Performing the procedure transrectally, using 
MRI guidance in-bore eliminates the misregistra-
tion errors that can be associated with procedures 
done using MRI-ultrasound fusion strategies out-
side of the MRI system “in office.” The authors’ 
experience also suggests a “continuity of imag-
ing modality” advantage to using the same MR 
imaging technology to perform the diagnostic 
multiparametric MRI (pre- and post-laser focal 
therapy), the interventional MRI-guided in-bore 
biopsy, and the therapeutic MRI-guided laser 
focal therapy.

Currently, there is a paucity of peer-reviewed 
published outcomes for the transrectal approach 
to this procedure, which warrants further inves-
tigation and comparison to other approaches 
(e.g., transperineal) and other energy sources. 
In 2014 Lee et al. described their experience 
with successful in-bore, MR-guided laser abla-
tion of prostate lesions [38]. They reported low 
morbidity and indicated that patients remained 
re- treatment viable post-procedure. Also in 
2014, Lepor et al. demonstrated short-term 
oncologic control of biopsy-proven prostate 
cancer with minimal adverse events in a cohort 
of 25 men [39].

In our study the men who have undergone this 
treatment can be divided into two groups: 
treatment- naïve and salvage therapy. Treatment- 
naïve men can be further subdivided by Gleason 
score 3+3, 3+4, and 4+3. The salvage group can 
be divided into categories by primary treatment 
modality. Treatment-naïve men with low-risk, 
low-volume Gleason score 3+3 cancer can be fol-
lowed with active surveillance. Clinically local-
ized, larger-volume Gleason score 3+3 and 
Gleason score 3+4 and 4+3 cancers can be safely 
treated with transrectal laser focal therapy in an 
outpatient setting. It is our goal to study these 
men for the next two decades to better understand 
oncologic control and quality of life.

Most Phase I focal therapy studies have closed 
and moved to Phase II. Upon closure of our Phase 
I study, we will progress to a Phase II clinical trial 
and incorporate genomic assays in an effort study 
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the role of genomic pathways for risk stratification 
of men to active surveillance, focal treatment, or 
whole-gland therapy. Local control of disease fol-
lowing laser focal therapy will be monitored with 
6-month posttreatment MR-guided in-bore biopsy.

In 2014, the International Laser Network was 
founded to share best practices and methodology 
for laser focal therapy among early adopters. The 
primary goal was to ensure patient safety. Other 
goals included harmonization of data collection 
intervals and patient-reported outcomes mea-
sures (PROMs). Ultimately an IRB-approved, 
Phase II, multicenter 20-year outcome study will 
be initiated to establish the efficacy of laser focal 
therapy. The intent is not to replace active sur-
veillance in men with low-risk, low-volume dis-
ease. In our experience, laser focal therapy should 
be reserved for men with significant, clinically 
localized disease, except in the salvage setting. 
Assuming adequate cancer control can be docu-
mented, the vision of focal therapy research 
includes the possibility of converting low- and 
intermediate- risk, organ-confined, clinically sig-
nificant prostate cancer into a chronic illness that 
is managed with an appropriate combination of 
active surveillance and outpatient laser focal 
therapy pro re nata (p.r.n.).

 Conclusion

MR-guided, transrectal LFT has proven to be a 
precise, safe, and oncologically efficacious tech-
nique for the treatment of localized prostate can-
cer in Phase I trials.

Our technique compares favorably with other 
ablative therapies and is performed in a stream-
lined fashion to reduce patient discomfort and 
healthcare costs.

As the technology matures through clinical 
trials and focal therapy in the treatment of pros-
tate cancer continues to expand, we believe this 
technique will become firmly established as a 
first-line therapy.
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 Introduction

Management of patients with prostate cancer 
remains challenging given the variability of its 
natural history—from indolent forms of disease 
that do not cause symptoms during a man’s life-
time to very aggressive forms that metastasize 
rapidly, cause severe local symptoms and poor 
quality of life, and hasten death. Localized pros-
tate cancer can be effectively treated with radical 
prostatectomy, external beam therapy, and 
brachytherapy, although a significant portion of 
these patients will have disease recurrence within 
10 years of treatment [1, 2].

For years, prostate cancer (as well as other 
solid tumors) was treated in a manner that did 
not discriminate between normal healthy tissue 
and malignant cells. While radiation, surgery, 
and chemotherapy were able to have their 
intended effects on prostate cancer, these treat-
ments also caused significant damage to normal 
cells in the surrounding (and sometimes distant) 
anatomical location. Additionally, whole-gland 
and systemic therapy is associated with various 
well-known short- and late-term morbidities that 

affect quality of life, including urinary compli-
cations and sexual dysfunction. The advent of 
more sophisticated and sensitive diagnostic and 
imaging techniques permitted the clinician to 
precisely know where the tumors were located 
within the prostate, allowing for targeted biop-
sies to identify clinically significant disease and 
for surgical and radiotherapy planning. The het-
erogeneity of prostate cancer, as well as deter-
mining the best treatment options based on the 
extent of the disease, mandated the development 
of other novel forms of treatment, including 
those that specifically target the malignant 
lesions, known as focal therapy. Among these 
novel therapeutics include molecular and immu-
notherapy options, which selectively target pros-
tate cancer cells in vivo. The current era in 
oncology encouraging the use of personalized 
therapeutic approaches has led to an intense area 
of focus on immune system targets and other 
molecular pathways that may provide for a more 
tailored treatment strategy based on an individu-
al’s specific cancer biology. The information 
presented in this chapter will outline the imple-
mentation of gene transfer therapeutic 
approaches for treating prostate cancer. We will 
highlight our efforts in this area describing our 
use of a recombinant adenoviral vector encoding 
for a proapoptotic protein with intrinsic tumor 
specificity. More importantly, the ability to inject 
adenoviral vectors directly into organs such as 
the prostate to induce localized tumor cell death 
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through the elaboration of proteins, such as 
tumor necrosis factor  (TNF)-related apoptosis-
inducing ligand (TRAIL), allows us to consider 
this as a method of biologically induced focal 
ablation of prostate cancer.

 Conventional Approaches to Focal 
Therapy for Prostate Cancer

Focal therapy for prostate cancer remains an 
emerging area of interest. Traditionally, this term 
encompasses treatment options that target the 
tumor within the prostate along with a margin of 
normal tissue. There is currently no consensus as 
to which patients are best suited for focal therapy 
as a primary treatment option for prostate cancer. 
Because most prostate cancer is multifocal [3], 
an ongoing challenge is whether it is adequate to 
selectively treat some parts of the prostate. 
Reliably identifying which lesion(s) or zone(s) 
warrants treatment is still a challenge if the whole 
gland is to be spared. The manner by which the 
target lesions are identified is also an area of 
debate, though imaging modalities are improving 
and most studies employ multiparametric mag-
netic resonance imaging (mpMRI) combined 
with transrectal ultrasound (TRUS) for localiza-
tion [4]. For management of primary disease, 
among the options that have been evaluated for 
traditional focal therapy include brachytherapy, 
cryotherapy, high-intensity focused ultrasound 
(HIFU), photodynamic/photothermal therapy, 
laser ablation, and radiofrequency ablation 
(RFA). With the exception of brachytherapy 
(which uses ionizing radiation), these modalities 
predominantly work by modulating the thermal 
properties of the target lesion (either by freezing 
or heating) and eventually causing tissue necro-
sis. Currently, the largest and most frequently 
reported series in the literature involves patients 
receiving treatment with either HIFU (12 series) 
or cryotherapy (six series) [4]. There have not 
been head-to-head comparisons of these 
approaches with whole-gland therapy, either with 
the same ablative therapy or with radical prosta-
tectomy and external beam radiation. Long-term 

data remains lacking for most ablative focal ther-
apy approaches.

 Targeting the Biology of Cancer 
to Fight Cancer

The increased use of genomics has played a tre-
mendous role in understanding the biology of 
cancer, but it has also provided researchers with 
the information for developing a variety of agents 
that exploit the abnormal lifestyle of the tumor 
cell. Targeted biological molecules have already 
played a major role in treatment of several non- 
urologic cancers, such as trastuzumab for treat-
ment of human epidermal growth factor receptor 
2 (HER-2) positive breast cancer and rituximab 
for treatment of CD20+ B-cell lymphoma, par-
ticularly when combined with conventional ther-
apy. Within the confines of prostate cancer, 
several novel molecular pathways have been tar-
gets of therapy, including agents that target 
angiogenesis and cell cycle progression in pros-
tate cancer [5, 6]. Targeted biological agents 
under investigation include PROSTVAC®-VF, 
which targets PSA; BEZ235, which is a PI3K/
mTOR inhibitor; and the tyrosine kinase inhibi-
tor cabozantinib (XL184), which targets c-Met 
[7–9].

In recent years, immunotherapy has become 
one of the most heavily investigated treatments 
for cancer. The concept that one of the many 
functions of the immune system is to detect and 
remove neoplastic cells before they can develop 
into a tumor dates back to the early 1900s. Recent 
years have seen the development of various 
immunological strategies as viable therapy for 
cancer such as Sipuleucel-T (Provenge®) for 
treating prostate cancer. Agents designed to block 
T-cell checkpoint inhibition have received the 
greatest publicity in recent years, largely based 
on their ability to restart the antitumor immune 
response. Though these and other immunothera-
peutics all target different aspects of the canoni-
cal cellular immune response, the premise behind 
all of these therapies is that they leverage key 
traits of the adaptive immune system:
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• Specificity: distinct tumor antigen will 
elicit responses that target cells that only 
express those antigen.

• Diversity: reactivity to a wide variety of tumor-
specific and tumor-associated antigens.

• Memory: rapid and robust responses to 
multiple exposures to the same tumor anti-
gens (tumor recurrence).

• Clonal expansion: increased number of 
tumor antigen-specific immune cells.

• Self-nonreactivity: prevention of off-target 
killing of normal cells.

 TNF-Related Apoptosis-Inducing 
Ligand (TRAIL)/TRAIL Receptor 
System

The identification of TNF-related apoptosis- 
induced ligand (TRAIL) and its potential role in 
therapy to target cancer has been investigated in 
earnest since its discovery in 1995 [10], because 
of its ability to specifically induce apoptosis in 
tumor cells. Apoptotic cell death is a normal 
physiologic process that aids in regulation of cell 
reproduction and tissue growth, embryologic 
development, and immune regulation, among 
other cell hemostasis functions. Many mecha-
nisms can result in cellular apoptosis, but some of 
the best characterized at the molecular level are 
those mediated by members of the TNF receptor 
(TNFR) superfamily and their cognate ligands 
[11, 12]. Of the death-inducing TNF superfamily 
ligands, induction of apoptosis by TNF, lympho-
toxin (LT)-α(alpha), Fas ligand (FasL), and 
TRAIL has received the lion’s share of attention 
and is thus the best characterized. In the cases of 
TNF, LT-α(alpha), and FasL, the induction of 
apoptosis is tightly regulated by limiting the 
expression of the ligand. TRAIL mRNA, in con-
trast, is constitutively expressed on a wide variety 
of cells and tissues [10]. TRAIL is a type II trans-
membrane protein that forms a homotrimer and 
cross-links specific receptors (discussed later) on 
the surface of target cells. The precise physiolog-
ical role of TRAIL is not fully understood, 
although studies in genetically modified Trail−/− 
mice suggest that it plays a key role in the immune 

system. Trail−/− mice have impaired tumor 
immune surveillance and greater susceptibility to 
autoimmune diseases [13–16].

The TRAIL receptor system is the most 
diverse of the TNFR superfamily, with multiple 
closely related, but distinct, receptors that bind 
TRAIL at high affinity. The four TRAIL recep-
tors are expressed as membrane-bound proteins 
and (with the exception of TRAIL-R3/DcR1) are 
constitutively expressed in a wide variety of 
human cells and tissues. TRAIL-R1/DR4 and 
TRAIL-R2/DR5 both contain “death domains” 
(DD) in the intracellular portions of the mole-
cules, and ligation of either of these receptors 
induces apoptosis [17–19]. TRAIL-R3/DcR1 is 
expressed as a GPI-linked cell-surface protein 
with no known signaling properties [17, 20]. 
TRAIL-R4/DcR2 contains only a partial DD in 
the intracellular region of the molecule, and liga-
tion of this receptor does not induce apoptosis 
[21–23]. Interestingly, the genes encoding these 
four receptors are all highly homologous (rang-
ing from 54 to 70 % identical) and are tightly 
linked and map to human chromosome 8p21-23, 
suggesting that they arose by gene duplication 
in the recent evolutionary past [19–21]. 
Osteoprotegerin (OPG) has also been reported to 
bind TRAIL with reasonable affinity [24]. 
However, OPG is produced solely as a secreted 
protein—there is no cell-surface intermediate—
and is found in serum of healthy normal adults at 
concentrations of approximately 1 ng/ml. There 
are limited data indicating that OPG mediates 
any physiologic function (either stimulatory or 
inhibitory) in the regulation of tumor sensitivity 
to TRAIL either in vitro or in vivo. In contrast, 
OPG and TRAIL may participate in cardiovascu-
lar disease [25].

As mentioned, TRAIL is unique compared to 
other death-inducing ligands of the TNF super-
family in that it has the ability to induce apopto-
sis specifically in transformed and tumorigenic 
cell lines, while leaving normal cell lines intact 
[10]. This has led to the investigation of TRAIL 
as a potential molecular therapy to target tumor 
cells. Injection of soluble recombinant TRAIL 
intravenously into mice and nonhuman primates 
demonstrated no detectable evidence of toxicity 
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[26, 27]. These (and other) preclinical data served 
as important stepping stones to clinical testing of 
recombinant TRAIL protein and agonistic mAb 
specific for TRAIL-R1/DR4 or TRAIL-R2/
DR5 in patients with a variety of solid and hema-
tologic tumors. Despite being well tolerated by 
the patients, there were few cases of clinical effi-
cacy in the patients receiving soluble TRAIL. This 
lack of efficacy remains to be determined.

 Regulating TRAIL-Induced 
Apoptosis

Many of the initial studies describing the mechan-
ics of TRAIL-induced killing of tumor cells used 
established tumor cell lines, but as more work 
was done, it became clear that many tumor cell 
lines (and surprisingly most fresh tumor isolates) 
were not susceptible to TRAIL-mediated apopto-
sis [28–30]. For example, the human prostate 
cancer cell lines LNCaP and DU-145 are rela-
tively resistant to TRAIL, even at higher concen-
trations [31, 32]. The exact mechanisms 
underlying cellular resistance to TRAIL have yet 
to be fully understood. As noted earlier, TRAIL 
functions by binding to four receptors, with 
TRAIL-R1/DR4 and TRAIL-R2/DR5 being 
responsible for the apoptotic cascade. Decreased 
expression of TRAIL-R1/DR4 and TRAIL-R2/
DR5 may account for the resistance observed in 
certain cases [33, 34]. A second theory, and one 
that was initially touted as the definitive mecha-
nism, was based on data showing that neither 
TRAIL-R3/DcR1 nor TRAIL-R4/DcR2 was 
capable of activating the apoptotic signaling 
pathway [17, 20–23]. Thus, it seemed possible 
that these receptors acted as “decoys” to func-
tionally sequester TRAIL from the death- 
inducing TRAIL-R1/DR4 and TRAIL-R2/DR5. 
Indeed, early data were consistent with this 
hypothesis, including the observation that over-
expression of TRAIL-R3/DcR1 in TRAIL- 
sensitive tumor cells conferred resistance to 
TRAIL [35, 36]. Additional support came from 
reports showing transcripts for TRAIL-R3/DcR1 
were detected in many normal human tissues but 
not in tumor cells. In addition, treatment of cells 

with phospholipase C (to “strip” GPI-linked 
TRAIL-R3/DcR1) in the presence of cyclohexi-
mide (to prevent re-expression) resulted in the 
conversion of these cells from TRAIL resistant to 
TRAIL sensitive [36]. Similarly, overexpression 
of TRAIL-R4 in TRAIL-sensitive cells also 
inhibits TRAIL-induced apoptosis [9, 34, 37].

 Development of Replication- 
Defective Ad5-TRAIL as a Gene 
Transfer Vector

Recombinant adenoviral vectors have been 
employed as attractive gene transfer vehicles 
because of their ability to be used in a variety of 
cell types with high levels of gene expression 
[38]. These adenoviral vectors can in turn be 
locally administered to provide concentrated 
amounts of biologically active proteins in vivo, 
thereby overcoming the previously described 
challenges in administering cytotoxic levels of 
recombinant TRAIL [39, 40]. This strategy could 
serve as a novel, biological method of localized 
solid tumor therapy, similar to other nonmolecu-
lar ablative intraprostatic treatment regimens 
such as cryotherapy, brachytherapy, and HIFU. 
The use of an adenoviral vector engineered to 
encode the cDNA for full-length TRAIL was first 
investigated in vitro with the human prostate 
tumor cell lines [41]. As with recombinant 
TRAIL protein, adenovirus type 5 (Ad5) TRAIL 
selectively induced apoptosis in the prostate 
tumor cells, while normal prostate epithelial cells 
were not killed. In fact, Ad5-TRAIL-infected 
normal prostate epithelial cells could effectively 
kill prostate tumor cells when mixed in culture, 
and the tumor cell death could be blocked with 
the addition of soluble TRAIL receptor:Fc. The 
tumor cells were noted to have undergone apop-
totic death, with high levels of caspase activation 
and PARP cleavage. Further study investigated 
the efficacy of the Ad5-TRAIL) vector in vivo, 
by directly injecting Ad5-TRAIL into immuno-
deficient SCID mice bearing s.c. prostate tumors 
[42]. When compared with controls, Ad5- 
TRAIL- treated mice showed significantly 
reduced tumor growth. Importantly, TRAIL 
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expression was sustained up to 7 days after a sin-
gle injection, thus overcoming the pharmacologic 
limitations of administering recombinant TRAIL 
protein alone [42]. It is important to emphasize 
that these initial in vivo studies could only evalu-
ate the direct tumoricidal activity of the Ad5- 
TRAIL vector. Subsequent studies in syngeneic 
immunocompetent mouse tumor models have 
examined the ability of Ad5-TRAIL therapy to 
stimulate a systemic antitumor immune response, 
which not only leads to regression of distant 
tumors that have metastasized from the primary 
tumor but also affords the animal immunological 
memory to secondary tumor challenge [43, 44]. 
Efforts to improve the distribution of TRAIL 
within the prostate led to the use of Gelfoam® 
(Pharmacia and Upjohn Company, Kalamazoo, 
MI), a porous collagen-based matrix, as a drug 
delivery vehicle. Gelfoam is approved for use as 
a hemostatic agent when applied to bleeding sur-
faces. When Gelfoam was co-injected into benign 
dog prostates with a canarypox virus vector 
(ALVAC) carrying the gene for β(beta)-
galactosidase (ALVAC-β [beta]-gal), expression 
levels were noted to be far greater than they had 
been when the vector had been co-injected with 
fluid alone (Figs. 26.1 and 26.2), which is consis-
tent with data in mice [45]. Subsequent studies 

were able to replicate this delivery efficiency 
using Ad5-TRAIL combined with Gelfoam.

 Clinical Testing of Ad5-TRAIL

As with any model that tests the efficacy of cancer 
therapy, the promising preclinical studies pro-
vided us the necessary data to design a study to 
test Ad5-TRAIL in humans. We conducted a 
phase I clinical trial to determine the toxicity pro-
file, maximally tolerated dose, and the tumor 
treatment efficacy of Ad5-TRAIL in men with 
locally confined prostate cancer [33, 46]. Patients 
with histologically confirmed prostate cancer of 
clinical stages T1c, T2a, or T2b and scheduled to 
undergo radical prostatectomy within 10 days 
after study entry were enrolled. The Ad5-TRAIL 
vector was administered via ultrasound-guided 
intraprostatic injection in Gelfoam (30 mg/ml). 
Gelfoam served as a hemostatic agent, prevented 
backflow out of the prostate, and enhanced the 
distribution of adenovirus (Ad) vectors within the 
injected tissue while helping to “protect” the virus 
from anti-Ad neutralizing antibodies [47]. We 
were also surprised to see that the Gelfoam proved 
to be echogenic on the ultrasound imaging, per-
mitting visualization at the time of injection. 

Fig. 26.1 Effect of Gelfoam® on the distribution of gene 
expression in benign dog prostate. ALVAC-β (beta)-gal 
(107 pfu) was injected transperineally with ultrasound 

guidance. Prostates were removed 24 h later, fixed, and 
stained for β (beta)-gal.
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Three levels of dose escalation were given to a 
total of 12 patients (four at each dose level), with 
equal volumes of injections into each lobe of the 
prostate, further divided into two injection points 
per lobe (four total injections per prostate). None 
of the patients developed adverse reactions and all 
tolerated the procedure well; additionally, there 
were no difficulties encountered at the time of sur-
gery. Histological assessment of the injected pros-
tate specimens following prostatectomy revealed 
inflammation in the areas where Gelfoam had 
been injected, as well as TUNEL- positive stain-
ing, indicative of DNA fragmentation resulting 
from apoptotic death. Every patient also had ele-
vated levels of active caspase 3, an enzymatic 
marker of apoptosis.

 Conclusion

The ability of TRAIL to trigger apoptosis specifi-
cally in tumor cells with minimal cytotoxicity in 
normal tissue makes it a potentially game- 
changing therapeutic. The unique ability to 
locally inject Ad5-TRAIL into the prostate and 
cause focal ablation and generate an immune 
reaction can potentially serve either as an adjunct 
to other ablative therapies or even as a standalone 
approach. The activation of TRAIL at higher 
temperatures is a feature that could be particu-
larly exploited in this context wherein TRAIL 

could be injected following focal thermal abla-
tion of prostate tissue. Additional understanding 
of both the downstream signaling pathway for 
TRAIL will be required before consistently effi-
cacious therapies can be developed using TRAIL 
for the prostate, as we still remain unable to reli-
ably predict the prostate tumor cell biology that is 
most susceptible to a TRAIL-based treatment 
regimen. Since its identification more than 
20 years ago, significant advancements have 
already led to phase II clinical trials for a few 
non-urologic tumors, including for treatment of 
chondrosarcoma and non-small cell lung cancer 
[48]. Continued research is hoped to advance 
TRAIL into becoming a similarly exciting thera-
peutic option for clinically localized prostate 
cancer.
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 Introduction

The use of radiation therapy for localized prostate 
cancer is well established. External beam radia-
tion therapy, low-dose rate (LDR) brachytherapy, 
high-dose rate (HDR) brachytherapy, and combi-
nations of these modalities have been shown to be 
effective in treating all stages of localized disease 
[1]. However, as with other whole-gland treat-
ments, significant toxicities are associated with 
radiation therapy primarily involving urinary, rec-
tal, and sexual function. Whole-gland external 
beam radiation using current doses (≥78 Gy) can 
result in late grade 2 and 3 urinary toxicity rates of 
up to 10 % and 3 %, with late grade 2 and 3 rectal 
toxicity rates of up to 19 % and 7 % [2, 3]. Loss of 
erectile function has been reported in up to 50 % 
of cases [3]. Whole-gland brachytherapy can 
result in late grade 2 and 3 urinary toxicity of 
24 % and 6 % with grade 2 and 3 rectal toxicities 
occurring in 7 % and 1 % of patients [4, 5]. Loss 
of erectile function has been reported at approxi-
mately 25 % [6].

The rationale for partial-gland, or focal, radia-
tion therapy does seem logical. It is clear that 

radiation therapy is effective at eradicating 
prostate cancer. With currently available radia-
tion techniques, the accuracy and precision of 
dose delivery and the dose-shaping capabilities 
around irregular volumes make radiation an 
attractive modality to treat within the prostate 
gland. Brachytherapy techniques, in particular, 
would allow for very conformal treatments. Also, 
radiographic confirmation of the treated area is 
obvious and easily recreated if radioactive seeds 
or brachytherapy catheters are placed. With 
improved accuracy in localizing prostate cancer 
to a specific area within the gland, partial-gland 
radiation therapy should maintain a high rate of 
disease control while reducing urinary, rectal, 
and sexual toxicity compared to whole-gland 
therapy. The general techniques, equipment, and 
facilities needed to perform these radiation treat-
ments are already in place at established radia-
tion therapy centers and should be easy to adapt 
to a focal treatment approach.

The development of partial-gland radiation 
therapy as initial prostate cancer treatment is cur-
rently under investigation. Low-dose rate and 
high-dose rate brachytherapy techniques for 
partial- gland treatment are being evaluated 
throughout the world. Studies of focal external 
beam radiation (EBRT), most often using a tech-
nique known as intensity-modulated radiation 
therapy (IMRT), are more limited and have typi-
cally involved combined whole-gland therapy 
with partial-gland dose escalation or focal boost 
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(also known as “focused” radiation therapy). A 
focused approach is also possible using brachy-
therapy alone.

Salvage radiation therapy for a local recur-
rence of prostate cancer after primary radiation 
therapy is also an area of significant interest. 
Normal tissues adjacent to the prostate such as 
bladder and rectum can show increased fibrosis 
and decreased vascularization after primary radi-
ation therapy leading to impaired repair capacity 
[7, 8]. Although multiple studies of whole-gland 
salvage brachytherapy can result in good rates of 
tumor control [9], the normal tissue toxicities of 
such treatment can also be high [10]. A focal 
treatment approach presents an opportunity to 
decrease toxicity while still providing a second 
chance for tumor control.

The following review will summarize the 
technical considerations around partial-gland 
radiation as well as the existing literature describ-
ing the dosimetric and clinical outcomes for pri-
mary focal, primary focused, and focal salvage 
radiation therapy.

 Technical Considerations

Determination of optimal technical and dosimet-
ric parameters will be critical to the success of a 
partial-gland radiation therapy program. Issues 
that must be addressed include proper patient 
selection, delineation of the radiation treatment 
volume, brachytherapy technique (low-dose rate 
versus high-dose rate), isotopes, treatment plan-
ning system (preplan versus real-time method), 
and determination of dosimetric constraints for 
the target and normal tissues. Posttreatment eval-
uation and cancer monitoring, as with other treat-
ment modalities, must also be addressed.

 Patient Selection

As with other focal therapy treatments, proper 
patient selection is a prerequisite for good out-
comes. Technical issues, such as prostate size 
(≤60 cm3), the absence of pubic arch interfer-
ence, and the patient’s ability to undergo anesthe-

sia, are the same as for whole-gland brachytherapy. 
Ideal clinical characteristics for primary focal 
radiation therapy, such as life expectancy 
≥10 years, low- to intermediate-grade disease 
(Gleason score 6–7), and unilateral disease, 
would be similar to other focal treatment modali-
ties. For focal salvage brachytherapy, a negative 
metastatic workup would be a prerequisite. Even 
with a negative metastatic workup, the potential 
for microscopic metastatic disease still exists, 
and therefore, clinical factors such as prostate- 
specific antigen (PSA) level and PSA doubling 
time prior to salvage therapy and Gleason score 
should be considered. These parameters parallel 
the situation in choosing local prostate bed irra-
diation in the post-prostatectomy patient with a 
rising PSA [11]. Patients who have developed 
grade 3 or higher toxicities from initial radiation 
treatments would also not be ideal candidates for 
salvage brachytherapy, either whole gland or 
focal.

 Determination of Radiation 
Treatment Volume

In 2012, a multidisciplinary international consen-
sus group of prostate cancer experts proposed 
uniform definitions for partial-gland brachyther-
apy [12]. Treatment volume scenarios as defined 
by the consensus panel included (1) ultrafocal 
therapy, treatment of the target lesion with a mar-
gin; (2) hemi-gland therapy, treatment of half of 
the prostate gland containing the target lesion; 
and (3) focused therapy, treatment of the target 
lesion with a margin plus a lower dose of radia-
tion applied to the rest of the prostate. However, 
it should be noted that the term “focal” is used 
throughout the literature when referring to any 
treatment involving partial-gland therapy. 
Accurate delineation of the target lesion was felt 
to be best achieved by template-guided transperi-
neal three-dimensional (3D) mapping biopsy 
with 5 mm spacing of the biopsies. This method 
has been shown to identify bilateral disease in 
39 % of cases that were found to be negative on 
transrectal ultrasound (TRUS)-guided biopsy 
[13, 14]. The addition of a pre-biopsy 
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 multiparametric magnetic resonance imaging 
(mpMRI) can help to rule out extraprostatic dis-
ease and may further enhance the biopsy tech-
nique by providing additional biopsy targeting 
information within the prostate.

For treatment planning purposes, radiation 
oncologists use standardized definitions of treat-
ment targets that take the aforementioned issues 
into consideration [15]. The GTV, or gross tumor 
volume, describes what can be seen or imaged. In 
the case of whole-gland therapy, the GTV is 
defined as the prostate itself. In the case of partial- 
gland therapy, the GTV can be defined as the 
lesion visualized on MRI and occasionally ultra-
sound. However, interpretation of these studies 
can be variable, and the sensitivity of these modal-
ities to detect all tumors is not 100 %. Reliance on 
MRI and ultrasound may limit the number of 
patients eligible for partial-gland therapy. As a 
result, an alternative method using the grid loca-
tions of the positive biopsies defined during a 
transperineal 3D mapping biopsy procedure can 
be used. However, since the positions of the posi-
tive biopsies do not define the borders of the 
lesion, the negative biopsies adjacent to the posi-
tive areas could be used to delineate the border of 
target lesion. Using the template grid as an image 
registration tool, the location of the positive and 
adjacent negative biopsies can be reproduced on 
the TRUS images when performing partial-gland 
brachytherapy in the same manner as is done using 
a standard preplan brachytherapy procedure. The 
use of the biopsy information and the positions of 
the negative biopsies around the lesion makes 
good sense, but will obviously delineate a volume 
somewhat larger than the GTV, depending on the 
spacing between biopsies.

The CTV, or clinical target volume, describes 
the GTV plus a margin for subclinical or micro-
scopic disease that cannot be imaged. In whole- 
gland brachytherapy, the CTV has been defined 
as the prostate plus a 3 mm margin [16]. In the 
partial-gland setting, it may make sense to define 
the CTV as the previously mentioned area demar-
cated by the negative biopsies immediately adja-
cent to and surrounding the positive biopsies on a 
transperineal 3D mapping plan, especially if 
5 mm spacing is used between biopsies.

Finally, the PTV, or planning target volume, 
allows for uncertainties in planning and treat-
ment delivery and is designed to ensure that the 
prescribed radiotherapy dose is actually delivered 
to the CTV. Image fusion error between the 
biopsy and brachytherapy plans is one such issue 
taken into consideration in designing the 
PTV. Variations in the planned and actual needle 
positions during brachytherapy are also taken 
into account in the PTV. Often the PTV expan-
sion can result in treatment volumes that extend 
beyond the prostate or into normal structures 
such as bladder, urethra, and rectum. Adjustments 
to the treatment volumes as a normal course of 
the treatment planning process are necessary to 
account for these issues.

Another unique issue when using MRI infor-
mation in planning both transperineal biopsy and 
brachytherapy is the differing patient position 
during MRI versus biopsy and brachytherapy. 
Patients lay supine for MRI scans and are in dor-
sal lithotomy position during biopsy and prostate 
brachytherapy. Fortunately, recent advancements 
in commercially available prostate brachytherapy 
planning software (MIM®, Variseed®) allow 
reorientation of the MRI images to match the 
angle of the prostate and surrounding anatomy in 
the dorsal lithotomy position, thus allowing accu-
rate planning of biopsy positions and radiation 
source placement.

 Brachytherapy Technique, Isotopes, 
and Treatment Planning

The two brachytherapy techniques generally 
available to perform partial-gland treatment are 
low-dose rate and high-dose rate. The LDR tech-
nique for whole-gland treatment has been 
employed in its current form since the late 1980s 
and HDR since the 1990s. LDR brachytherapy 
involves the permanent placement of low activity 
seeds through needles placed through the 
perineum and into the prostate. Isotopes used 
include iodine (I125), palladium (Pd103), and 
cesium (Cs131). HDR brachytherapy utilizes a 
high activity radiation source, iridium (Ir192), that 
is temporarily placed in catheters positioned in 
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the prostate. LDR brachytherapy has been shown 
to be an efficient, cost-effective procedure that 
can be completed in a single application usually 
in less than 1 h [17]. HDR brachytherapy can also 
be completed either in a single or multiple frac-
tions but requires higher up-front capital costs for 
a remote after-loading machine with iridium 
source. Patients must also be transported with 
needles in place in the perineum from the operat-
ing room to a shielded vault in the radiation 
oncology department for treatment. An advan-
tage to the HDR technique is that adjustments in 
dose can be made with the treatment planning 
software for suboptimal needle placement. In 
addition, there is less radiation exposure to staff 
as the source is delivered remotely. Ultimately, 
however, both techniques require experienced 
brachytherapists to optimize outcomes. If an 
institution already has an established HDR or 
LDR program, it would make the most sense to 
use the same technique to initiate a partial-gland 
brachytherapy program.

An LDR technique also raises several other 
methodological considerations including choice 
of isotope, loose versus stranded seeds, and 
which treatment planning system (preplan vs. 
real time) to use. Differences between the iso-
topes include half-lives (cesium 9.7 days, palla-
dium 17 days, iodine 60 days) and energies 
(palladium 21 KeV, iodine 28 KeV, cesium 
29 KeV). The use of isotopes with a shorter half- 
life, such as cesium, could potentially lead to 
lower delivered dose than intended due to post- 
procedure edema, which can take nearly 1 month 
to resolve [18]. Higher energy isotopes may be 
advantageous from a geographic coverage stand-
point due to less acute dose fall off from each 
seed. However, lower energy isotopes can be use-
ful in controlling dose if the treatment volume is 
in close proximity to sensitive structures such as 
urethra, bladder neck, or rectum. The use of 
stranded seeds can reduce the potential for source 
migration, which would be important when 
implanting smaller partial-gland therapy vol-
umes, although misplacement of a single strand 
will lead to multiple misplaced seeds. Loose 
seeds offer the advantage of greater flexibility in 
geographic positioning of seeds, which may be of 

primary importance particularly in smaller vol-
umes and proximity to organs at risk. The choice 
of both isotope and loose versus stranded seeds 
may ultimately depend on the treatment volume 
and location of the target lesion. With regard to 
treatment planning, both preplan and real-time 
systems can incorporate biopsy and MRI infor-
mation to fuse with the intraoperative ultrasound 
images. Real-time systems can adjust for varia-
tions in patient positioning and allow intraopera-
tive monitoring of dose deposition, although may 
take slightly more operating room time compared 
to a preplan approach. Again, the comfort and 
familiarity of the brachytherapist with the treat-
ment planning system may be most important in 
this choice.

 Dosimetric Outcomes

Dosimetric investigations have examined the fea-
sibility of primary focal therapy, focused therapy, 
and focal salvage therapy using LDR and HDR 
brachytherapy techniques as well as EBRT/IMRT 
(in the focused scenario). Most studies compare 
doses to the tumor target, the whole prostate 
gland, and the surrounding normal tissues such as 
bladder, urethra, and rectum (organs at risk, or 
OAR). Table 27.1 is a compilation of published 
reports evaluating the dosimetric outcomes for all 
forms of partial-gland radiation therapy [19–37].

 Primary Focal Therapy

Dosimetric evaluations in the primary focal ther-
apy setting focus on comparisons of whole-gland 
versus partial-gland treatment. Banerjee et al. 
[19] compared various partial-gland HDR plans 
generated from five patients who had previously 
undergone whole-gland (WG) HDR monother-
apy. Plans were generated to treat subvolumes of 
prostate (not actual target lesions) including 
hemi-gland (HG), one-third gland (1/3G), and 
one-sixth gland (1/6G). The planning strategy 
was to reach the same WG target dose objectives 
(D90 > 100 % or dose to 90 % of the target 
greater than 100 % of the prescription dose and 
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V100 > 97 % or volume of the target receiving 
100 % of the prescription dose greater than 97 %) 
for each subvolume while decreasing the dose to 
OAR such as bladder, rectum, and urethra. 
Significant OAR dose reductions were achieved 
for all subvolume approaches, and as expected, 
the 1/6G plans resulted in the greatest reductions 
versus the WG plans (>50 % reduction in blad-
der, rectal, and urethral doses with 1/6G plan vs. 
WG plan).

Another study, by Mason et al. [21], examined 
HDR brachytherapy plans for nine patients in 

which actual tumor volumes were identified 
based on MRI and transperineal template-guided 
biopsies. Whole-gland, hemi-gland, and ultrafo-
cal (UF) plans were generated to compare doses 
to the tumor volumes as well as the OAR. This 
comparison showed both an increase in dose to 
tumor volumes and a decrease to the OAR. The 
mean D90 of the tumor volumes were 20.4, 22.2, 
and 23.0 Gy for the WG, HG, and UF plans, 
respectively. The mean rectal D2 cm3 (dose to 
2 cm3 of rectum) was 12.5, 9.8, and 4.6 Gy; the 
mean bladder D2 cm3 (dose to 2 cm3 of bladder) 

Table 27.1 Dosimetric outcomes of partial-gland radiation therapy

Author/year No. pts Approach Modality
Tumor 
delineation

Dosimetric result 
(v. WG)

Banerjee et al. 2015 [19] 5 Primary focal WG 
vs. HG vs. 1/3 G 
vs. 1/6 G

HDR CT ↑Tumor ↓OAR

Kamrava et al. 2013 [20] 10 Primary focal WG 
vs. HG

HDR CT ↔ Tumor ↓OAR

Mason et al. 2014 [21] 9 Primary focal WG 
vs. HG vs. UF

HDR MRI w/Bx ↑Tumor ↓OAR

Al-Qaisieh et al. 2015 [22] 9 Primary focal WG 
vs. HG vs. UF

LDR I125 MRI w/Bx ↑Tumor ↓OAR

Polders et al. 2015 [23] 15 Primary focal WG 
vs. UF

LDR I125 MRI ↔ Tumor ↓OAR

Ennis et al. 2015 [24] 13 Primary focused LDR Pd103 TTI US ↑Tumor ↔OAR

Gaudet et al. 2010 [25] 120 Primary focused LDR I125 Bx ↑Tumor ↓OAR

Todor et al. 2011 [26] 2 Primary focused LDR I125 MRI/MRS ↑Tumor ↓OAR

Mason et al. 2014 [27] 15 Primary focused HDR MRI ↑Tumor ↔OAR

Pouliot et al. 2004 [28] 10 Primary focused HDR MRI/MRS ↑Tumor ↔OAR

D’Alimonte et al. 2016 [29] 15 Primary focused HDR MRI ↑Tumor ↔OAR

Carlone et al. 2016 [30] 10 Primary focused HDR MRI ↑Tumor ↔OAR

15 Primary focused 3D EBRT + HDR 
boost

MRI ↑Tumor
↔OAR

Dankulchai et al. 2014 [31] 16 Primary focused HDR MRI ↑Tumor
↔OAR

Housri et al. 2011 [32] 24 Primary focused IMRT MRI w/Bx ↑Tumor ↔OAR 
in 12/24

Van Lin et al. 2006 [33] 5 Primary focused IMRT MRI/MRS ↑Tumor ↓OAR

Ost et al. 2011 [34] 12 Primary focused IMRT MRI/MRS ↑Tumor ↔OAR

Peters et al. 2016 [35] 20 Focal salvage after 
EBRT or Brachy

LDR I125 MRI w/Bx ↑Tumor ↓OAR

Guimas et al. 2016 [36] 18 Focal salvage after 
EBRT

LDR I125 MRI or 
PET w/Bx

↑Tumor ↓OAR

Moman et al. 2010 [37] 3 Focal salvage after 
EBRT or Brachy

HDR MRI w/Bx ↑Tumor ↓OAR

WG whole gland, HG hemi-gland, UF ultrafocal, HDR high-dose rate brachytherapy, LDR low-dose rate brachytherapy, 
OAR organs at risk, Bx biopsy, MRI magnetic resonance imaging, MRS magnetic resonance spectroscopy, TTI tissue- 
type imaging, US ultrasound, PET positron emission tomography
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was 9.8, 7.3, and 2.6 Gy; and the mean urethra 
D10 (dose to 10 % of the urethra) was 20.3, 19.7, 
and 9.2 Gy for the WG, HG, and UF plans.

A similar study by Al Qaisieh et al. [22] inves-
tigated the same WG, HG, and UF comparison 
using LDR I125 seeds in nine patients. Tumor vol-
ume was also determined by MRI and transperi-
neal template-guided biopsies. As reported by 
Mason et al. [21], doses to the tumor volume could 
be increased, while doses to the OAR could be 
reduced with a focal approach. The mean D90 of 
the tumor volumes were 181.3, 195.7, and 
218.3 Gy for the WG, HG, and UF plans. The 
mean rectal D2cc was 107.5, 77.0, and 42.7 Gy; 
the mean bladder D2cc was 80.5, 54.7, and 
17.6 Gy; and the mean urethra D10 was 205.9, 
191.4, and 92.4 Gy for the WG, HG, and UF plans.

Other issues that have been explored in this 
setting include image registration for target delin-
eation within the prostate and influence on treat-
ment margin by variability between planned and 
actual radioactive source placement. As noted 
previously, MRI plays an important role in target 
delineation within the prostate. However, both 
LDR and HDR brachytherapy implants are per-
formed under ultrasound guidance and UF plans 
often utilize MRI registration to define the treat-
ment volume. However, deformable registration 
algorithms have been developed for accurate 
fusion of the TRUS and MRI. Mayer et al. [38] 
performed a quantitative validation of the regis-
tration accuracy using either brachytherapy seeds 
or implanted fiducials as landmarks in ten patients 
showing an overall average registration error of 
2.56 mm. In addition to image registration error, 
one must also consider variance in planned versus 
delivered dose due to source displacement when 
using preplanned LDR brachytherapy. Polders 
et al. [23] examined the differences between 
planned and delivered dose for focal plans devel-
oped in 15 patients by comparing isodose con-
tours and quantifying the distances between them 
to account for variances in planned versus actual 
seed positions. They found the maximum distance 
needed to cover 95 % of the planned target vol-
ume with the prescribed dose (145 Gy using I125 
seeds) was 0.48 cm. This uncertainty, however, 
could be partially mitigated by using a real-time 

dosimetry method in which needles are placed 
within the target volume and a plan is developed 
in the operating room based on those exact needle 
positions. However, care must still be taken to 
drop the seeds in their planned orientation within 
each needle to minimize the variability between 
the planned and delivered dose. Considering that 
the PTV would need to be expanded by approxi-
mately 2.5 mm for image registration error plus 
nearly 5 mm for source position error (making the 
total PTV expansion 0.75 mm), a real-time tech-
nique in which special attention is paid to limiting 
the PTV when adjacent to critical normal struc-
tures would be sensible.

Finally, the ability to perform salvage brachy-
therapy after initial focal therapy has been 
explored, at least from a theoretical standpoint. 
Several studies [19, 20, 39] have performed simu-
lations in which a recurrence in an untreated area 
after HG or UF brachytherapy is treated with the 
same modality (HDR in these reports). Composite 
plans combining doses from both the initial par-
tial-gland treatment and the salvage treatment are 
shown to still conform to typical dose constraints 
to the OAR for a single primary whole-gland 
treatment. Feasibility of this approach would 
likely be affected by the proximity of the recur-
rence to the OAR. For rectal protection, however, 
the introduction of hyaluronic acid gel between 
the prostate and rectum may make the possibility 
of salvage therapy more feasible [40] as use of the 
gel has been shown to reduce rectal radiation 
doses by as much as 75 %, with similar reductions 
in clinical rectal side effects [41]. Also, the time 
interval between these treatments can also influ-
ence salvageability. There is some time-depen-
dent recovery of normal tissues after radiation 
therapy making a second treatment potentially 
less toxic if the interval between the initial and 
salvage therapy is longer [42].

 Primary Focused Therapy

A range of studies utilizing HDR brachytherapy, 
LDR brachytherapy, and EBRT/IMRT have inves-
tigated the feasibility and outcomes for focused 
therapy. In the majority of studies, treatment plans 
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were created to treat the whole gland followed by 
a boost in which the target volumes received much 
higher doses and the OAR received the same or 
lower doses compared to standard whole-gland 
plans.

The feasibility of focused HDR brachytherapy 
boost versus whole-gland boost was investigated 
by Mason et al. [27]. The actual delivered therapy 
in 15 patients consisted of a 15 Gy single fraction 
WG HDR boost followed by external beam radi-
ation therapy 37.5 Gy in 15 fractions to the pros-
tate and seminal vesicles. The hypothetical 
intraprostatic tumor targets were delineated using 
mpMRI. Focused therapy plans were then cre-
ated to study the ability to increase tumor target 
dose while maintaining dose constraints to the 
OAR similar to standard WG treatments. After 
plan optimization, the median boost volume D90 
was increased by about 19 % from 17.6 to 
20.9 Gy. The urethral D10 and rectal D2 cm3 
were essentially equivalent at 17.2 versus 17.4 Gy 
and 8.0 versus 9.0 Gy, respectively. In this study, 
the margin for tumor delineation was also evalu-
ated. Based on intra- and interobserver variance 
in tumor contouring from mpMRI plus similar 
variances in MRI-TRUS image registration, 
uncertainty was estimated to be 4.5 mm. Another 
study by Pouliot et al. [28] used a unique MRI/
MRSI (magnetic resonance spectroscopic imag-
ing) technique to define dominant intraprostatic 
lesions (DILs) as targets for focused HDR mono-
therapy. Ten patients underwent HDR treatment 
planning optimization to determine the highest 
doses that could be delivered to the DIL while 
again maintaining normal WG dose constraints 
to the OAR. In this study, the DIL dose was esca-
lated to 120–150 % of the WG dose without sig-
nificantly increasing doses to the OAR. More 
recent reports using WG HDR monotherapy 
show similar ability boost the DIL to the same 
120–150 % range [29–31] again while preserving 
dose constraints to the OAR.

The feasibility of focused LDR brachytherapy 
has also been evaluated in several studies. Ennis 
et al. [24] treated 13 patients successfully with 
what is described as a “dose-painting” strategy 
based on ultrasound spectrum analysis tissue- 
type imaging (TTI). TTI uses a neural network to 

process radiofrequency spectrum parameters 
associated with tumor tissue and creates a color 
image on ultrasound to represent cancerous 
regions within the prostate [43]. Focused LDR 
brachytherapy plans using Pd103 seeds were then 
developed in which the dose to the TTI identified 
lesions was increased to 200 % of the WG plan. 
The urethral and rectal doses were equivalent.

Another study by Gaudet et al. [25] treated a 
large number of patients (n = 120) employing a 
focused technique in which a boost volume was 
determined by sextant biopsies and received at 
least 150 % of the prescribed WG dose (144 Gy 
using I125 seeds). It should be noted that even with 
their standard WG LDR brachytherapy plans 
using real-time inverse planning algorithms, a 
mean of 86 % of the DIL was covered by the 
150 % isodose line. However, by specifically 
optimizing the plan to limit the high-dose area to 
the DIL only, the mean DIL 150 % coverage was 
increased to 95 % while the bladder, urethral, and 
rectal doses were significantly decreased.

A final approach to focused LDR therapy was 
described by Todor et al. [26] in which dual iso-
tope plans with various combinations of I125, 
Pd103, and Cs131 were compared using MRI-/
MRSI-delineated boost volumes within the pros-
tate. This study showed the feasibility of combin-
ing isotopes to create plans delivering very high 
doses to the boost volumes (80 % greater than the 
WG dose) while reducing urethral doses by 10 %. 
Dose calculations using more than one isotope, 
however, do require more complicated mathe-
matical formulas to determine the biologically 
effective dose (BED) of a mixture of isotopes 
relative to a single isotope [44]. A similar 
approach has been proposed for primary focal 
brachytherapy plans [45].

Dosimetric investigations of focused external 
beam therapy using IMRT are somewhat more 
limited compared to brachytherapy. However, 
two studies [33, 34] have shown the feasibility of 
increasing IMRT dose from 76–78 Gy to 
90–93 Gy or more when boosting a mpMRI- or 
MRSI-delineated DIL. Each showed doses to the 
OAR were similar or slightly decreased com-
pared to the WG plans. A report from Housri 
et al. [32] attempted to deliver a more aggressive 
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focused therapy utilizing a simultaneous inte-
grated boost to a MRI-delineated DIL. IMRT 
plans were generated in 24 patients in which 
75.6 Gy in 42 fractions was delivered to the WG 
with an integrated boost to deliver a total dose of 
151.2 Gy (200 % of the prescribed WG dose) to 
the DIL. Interestingly, only 12 of the 24 patients 
could be successfully planned without violating 
the normal tissue dose constraints to the OAR. 
The authors noted that distance between the DIL 
and the rectum was an important factor. Lesions 
located less than 0.42 cm from the rectum were 
significantly associated with infeasibility of the 
DIL boost (p = 0.0002).

 Salvage Focal Therapy

Determining the optimal dosimetric parameters 
to the tumor target and surrounding normal tis-
sues after prior prostate radiation therapy is criti-
cal to the efficacy and safety of salvage therapy. 
Well-defined recommendations on normal tissue 
dose constraints in this setting are still in devel-
opment. Salvage focal brachytherapy dosimetry 
data are relatively limited, although there are a 
few reports utilizing both HDR and LDR tech-
niques. Moman et al. [37] compared focal and 
whole-gland salvage HDR plans for four patients 
with biopsy-proven and MRI-identified locally 
recurrent prostate cancer after radiation therapy 
(external beam radiation n = 2, I125 brachytherapy 
n = 5). In each case, a single fraction dose of 
15 Gy was delivered to the MRI-delineated recur-
rent lesion designated as the GTV while setting 
the maximal dose to the bladder and rectum at 
6 Gy and the maximum urethral dose at 10 Gy 
[46]. In three of four cases, the focal salvage 
plans were able to achieve the dose to the GTV 
while maintaining the bladder, urethral, and rec-
tal dose constraints. None of the whole-gland sal-
vage HDR plans in those same four cases were 
able to meet their GTV target dose or normal tis-
sue constraints.

Peters et al. [35] reported the dosimetric find-
ings from 20 patients who actually underwent 
focal salvage I125 LDR brachytherapy for locally 
recurrent prostate cancer after primary radiation 

therapy and compared those results with another 
group of 28 patients who underwent whole-gland 
salvage I125 treatment. The recurrent lesion (GTV) 
for the focal treatment was delineated by mpMRI 
and correlative biopsy. A total dose of ≥145 Gy 
was delivered to either the GTV or the whole 
gland. Dosimetric analysis revealed significant 
reductions in rectal dose for the focal salvage 
group. Compared to the whole-gland salvage 
group, the median D0.1 cm3, D1 cm3, D2 cm3, and 
V100 reductions to the rectum using a focal 
approach were 38 Gy, 46 Gy, 46 Gy, and 0.41 cm3, 
respectively, all of which achieved statistical sig-
nificance (p ≤ 0.002). None of the 20 patients in 
the focal salvage group developed late severe gas-
trointestinal (GI) toxicity. By performing a 
receiver operating characteristic (ROC) analysis 
of the late GI toxicity data in the whole- gland sal-
vage group, restrictions on rectal dose were deter-
mined for salvage therapy: D0.1 cm3 < 160 Gy, 
D1 cm3 < 120 Gy, D2 cm3 < 100 Gy, and 
V100 < 0.35 cm3. For comparison, restrictions for 
rectal dose for primary therapy are 
D0.1 cm3 < 200 Gy, D2 cm3 ≤ 145 Gy, and 
V100 < 1.0 cm3 [5, 47, 48]. Another report from 
the same group of patients [49] performed another 
ROC analysis for restrictions on bladder and ure-
thral doses to prevent late genitourinary (GU) tox-
icity. That analysis indicated a bladder 
D2 cm3 < 70 Gy to prevent ≥ Grade 3 GU toxicity 
and a urethral V100 < 0.4 cm3. The caveat to these 
results, however, would be that the prior radiation 
treatments varied in technique (including both 
primary I125 brachytherapy with loose or stranded 
seeds and EBRT) and dose (I125 145Gy, EBRT 
64.4–76 Gy). Also, the time between primary and 
salvage treatment was not reported for patients in 
either the focal or whole-gland group, which can 
affect normal tissue tolerance to retreatment as 
these tissues can recover to some degree depend-
ing on the time interval between treatments [42]. 
However, a report by Guimas et al. [36] analyzed 
cumulative doses in eight patients receiving focal 
salvage I125 brachytherapy and ten patients receiv-
ing whole-gland salvage I125 brachytherapy. Using 
a biologic effective dose (BED) calculation that 
allows comparison of combined doses from pri-
mary and salvage radiation regardless of modality 
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(EBRT or brachytherapy), they showed that the 
cumulative BED to the rectum could be reduced 
with focal versus whole-gland salvage therapy 
(172.6 Gy vs. 258.1 Gy, p < 0.01).

In summary, there are dosimetric studies dem-
onstrating the feasibility and improved ability of 
all radiation therapy modalities to dose escalate 
the primary tumor and deescalate, or at least 
maintain, doses to OAR when delivering primary 
focal, focused, and focal salvage radiation ther-
apy. As noted by Housri et al. [32], the proximity 
of the tumor target to critical organs may have 
significant impact on the ability to achieve the 
desired outcomes of increased tumor and 
decreased normal tissue doses. Newer technolo-
gies such as placement of hyaluronic acid gel 
between the prostate and the rectum may help to 
address that issue.

 Clinical Outcomes

Clinical outcome investigations of primary focal, 
focused, and focal salvage therapy report mostly 
toxicity results with relatively limited long-term 
follow-up for treatment response. As with the 
dosimetric outcome reports, all forms of radia-
tion therapy including HDR and LDR brachy-
therapy as well as external beam RT have been 
studied. Table 27.2 is a compilation of published 
reports evaluating the clinical outcomes for all 
forms of partial-gland radiation therapy. 
[50–60].

 Primary Focal Therapy

Clinical outcomes in the primary focal therapy 
setting have been reported using I125 LDR brachy-
therapy. Cosset et al. [50] evaluated the early tox-
icity and disease response in 21 patients with 
low- to intermediate-risk prostate cancer treated 
with a real-time dosimetry I125 brachytherapy 
technique to a focal tumor volume within the 
prostate. The target volume was determined 
based on biopsy and MRI results indicating a uni-
lateral localized tumor amenable to ultrafocal 
therapy. A “large safety margin” was also incor-

porated into the focal PTV, or F-PTV, such that 
the mean ultrafocal treatment volume still repre-
sented 34 % (range 20–48 %) of the whole pros-
tate volume. The mean focal D90 was 183.2 Gy 
(range 176.4–188.1 Gy), and the mean V100 of 
the intraprostatic focal treatment volume was 
99.3 % (range 98.8–100 %). The total number of 
needles used was 13–21 (mean 17), and the total 
number of seeds varied from 26 to 57 (mean 39). 
Patient follow-up included physical exam and 
PSA every 3 months for the first year and every 
6 months thereafter with a post-implant biopsy 
performed 12–24 months after treatment. 
Urinary, rectal, and sexual toxicity scores were 
found to be excellent. Mean International Prostate 
Symptom Score (IPSS) at 6 and 12 months was 
6.6 (range 2–17) and 6.1 (range 2–9) compared to 
a mean pretreatment score of 5.4 (range 0–15). 
Only one patient reported slight rectal discomfort 
at 2 months, and no rectal toxicity was reported at 
6, 12, and 18 months. The mean pretreatment 
IIEF5 score was 20.1 (range 5–25) with mean 
scores at 6 and 12 months of 19.1 (range 5–25) 
and 19.8 (range 5–25). The mean initial PSA was 
6.9 ng/ml (range 3.6–13.9). At 12 months, the 
mean value dropped to 2.6 ng/ml, and PSA 
dropped in almost all cases, although follow-up 
was too short to draw any definitive conclusions 
about tumor control. Biopsies were performed in 
six patients from 14 to 27 months after treatment 
(10–12 cores sampled from the whole prostate, 
including the treatment volume) with five nega-
tive results. One patient was found to have 
Gleason 6 (3+3) disease in an untreated area in 
the contralateral side from treatment.

Another unique study by Nguyen et al. [52] 
addressed the issue of posttreatment monitoring 
and definition of failure after focal therapy. The 
authors reported the results of partial I125 prostate 
brachytherapy in which only the peripheral zone 
(PZ) of the prostate was targeted. Sources were 
placed under intraoperative real-time MRI guid-
ance such that a PZ V100 of 100 % was achieved 
while the anterior base and transition zone ante-
rior to the urethra were kept to less than 100 %. 
Between 1997 and 2008, 318 patients were 
treated with this technique of which 280 had 
Gleason score 3+3 = 6 and 38 had Gleason score 
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Table 27.2 Clinical outcomes of partial-gland radiation therapy

Author/year No. pts
Risk 
group

Median 
F/U (mos) Approach Modality Toxicity PSA DFS

Cosset et al. 
2013 [50]

21 Low 19
Int 2

NR Primary 
focal

LDR I125 Initial vs. 12-mo IPSS
5.4 vs. 6.1
Initial vs. 12-mo IIEF
20.1 vs. 19.8

Initial vs. 12-mo 
PSA 6.9 vs. 2.6
Neg posttx bx 
5/6

Barret et al. 
2013 [51]

12 Low 12 9 Primary 
focal

LDR I125 Initial vs.12-mo IPSS
3 vs. 7
Initial vs. 12-mo IIEF
21 vs. 14

Initial vs. 12-mo 
PSA 6.2 vs. 2.8

Nguyen et al. 
2012 [52]

318 Low 280
Int 38

61 Primary 
focal to 
PZ

LDR I125 NR Phoenix 8 year 
78.1 %
Modified 
phoenix 8 year 
90 %

Schick et al. 
2011 [53]

77 High 77 69 Primary 
focused

3DCRT + WG 
HDR vs. 
3DCRT + HG 
HDR
ADT n = 62 pts

No diff in grade ≥3 
GU/GI
grade 4 late GI 8.8 % 
(WG) vs. 0 % (HG)

Phoenix 5 year
70.5 % (WG) vs. 
79.7 % (HG)
p = 0.99

Vigneault 
et al. 2016 
[54]

20 Int 20 57 Primary 
focused

3D EBRT + WG 
HDR + UF HDR

Initial vs.12 mo IPSS
7.8 vs. 8.3
Grade ≥3late GI 0 %

Phoenix 5 year 
95.7 %

Miralbell 
et al. 2010 
[55]

50 Low 5
Int 12
High 33

63 Primary 
focused

IMRT + UF 
IMRT boost
ADT n = 33 pts

Grade ≥3 late GU 0 %
Grade ≥3 late GI n = 5 
pts

Phoenix 5 year 
98 %

Aluwini et al. 
2013 [56]

50 Low 30
Int 20

23 Primary 
focused

SBRT + SBRT 
UF boost

Grade ≥3 late GU 6 %
Grade ≥3 late GI 0 %

Phoenix 2 year 
100 %

Hsu et al. 
2013 [57]

15 Low 11
Int 4

69 Focal 
salvage 
after 
brachy

LDR I125, Pd103 or 
IMRT + I125

Grade ≥3 late GU 0 %
Grade ≥3 late GI 0 %
100 % pretx vs. 87 % 
posttx w/erections

Phoenix 3 year 
71.4 %

Peters et al. 
2014 [58]

20 Low 5
Int 3
High 12

36 Focal 
salvage 
after 
brachy or 
EBRT

LDR I125 Grade ≥3 late GU 5 %
Grade ≥3 late GI 0 %

Phoenix 3 year 
60 %

Chung et al. 
2016 [59]

15 NR 12 Focal 
salvage 
after 
EBRT

HDR Grade ≥3 late GU 0 %
Grade ≥3 late GI 0 %

Initial PSA 3.96 
vs. 12 mo 
PSA < 1.0 in 
9/12 pts

Chung et al. 
2016 [60]

15 Low 5
Int 8
High 2

18 Focal 
salvage 
after 
EBRT

HDR Grade ≥3 late GU 0 %
Grade ≥3 late GI 0 %

6/15 pts with 
PSA relapse at 
last f/u

WG whole gland, HG hemi-gland, UF ultrafocal, HDR high-dose rate brachytherapy, LDR low-dose rate brachytherapy, 
IPSS International Prostate Symptom Score, IIEF International Index of Erectile Function, 3D EBRT 3-dimensional 
external beam radiation therapy, IMRT intensity-modulated radiation therapy, SBRT stereotactic body radiation therapy, 
ADT androgen deprivation therapy, NR not reported, PZ peripheral zone, GI gastrointestinal, GU genitourinary, mo 
month, bx biopsy, pre tx pretreatment, post tx post treatment, f/u follow-up

3+4 = 7 disease with a mean PSA of 5.0 ng/ml. 
Earlier reports [61, 62] of this treatment approach 
showed decreased need for alpha blocking medi-

cation and less intense 3-month urinary obstruc-
tive and irritative symptoms compared to 
whole-gland brachytherapy, while the current 
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report focused on tumor control. With a median 
follow-up of 5.1 years, biochemical failure-free 
survival was 91.5 % at 5 years and 78.1 % at 
8 years using the Phoenix definition (nadir + 2). 
Given the majority of patients had low-risk pros-
tate cancer, these outcomes were deemed inferior 
compared to standard whole-gland treatment. 
However, since the Phoenix definition assumes 
whole-gland treatment, this measure may not be 
appropriate for partial-gland therapy since benign 
causes such as benign prostatic hyperplasia 
(BPH), rather than true cancer recurrence, may 
cause a PSA elevation. Borrowing from PSA 
screening literature, the authors proposed incor-
porating a PSA velocity of greater than 0.75 ng/
ml/year to improve the specificity of prostate 
cancer recurrence over the Phoenix definition 
alone. A total of 36 patients met the Phoenix defi-
nition alone of PSA failure, while only 26 met 
both the Phoenix and PSA velocity criteria (called 
the modified PSA failure definition). Sixteen of 
seventeen patients with biopsy-proven local 
recurrence were among the 26 meeting the modi-
fied PSA failure definition. Twenty-two of 
twenty-six patients also had posttreatment MRIs 
suspicious for recurrence. The use of the modi-
fied PSA failure definition improved the bio-
chemical failure-free survival to 95.6 % and 
90.0 % at 5 and 8 years. The authors concluded 
that although there is no consensus for the 
 appropriate definition of failure after focal ther-
apy, their modified PSA failure definition should 
be considered a starting point for further 
investigation.

 Primary Focused Therapy

Clinical outcomes in the primary focused therapy 
setting have been reported using brachytherapy 
alone, combined brachytherapy and external 
beam RT, and external beam RT alone.

The previously mentioned study by Ennis et al. 
[24] utilizing a focused Pd103 LDR brachytherapy 
approach (WG brachytherapy followed by a 
brachytherapy boost to the identified intrapros-
tatic tumor) not only evaluated the dosimetry of 
their ultrasound spectrum analysis tissue-type 

imaging (TTI) but also toxicity and tumor control 
outcomes. With a median follow-up of 
31.5 months, none of the 13 treated patients 
developed acute or late grade 3 or higher GI or 
GU toxicities. Of six patients who underwent 
24-month posttreatment biopsy, five (83 %) were 
negative, while one showed evidence of residual 
adenocarcinoma with treatment effect. No patients 
had a PSA failure by Phoenix definition, although 
the authors acknowledge, as did Nguyen et al. 
[52] that more posttreatment PSA production is 
expected in this situation as parts of the prostate 
gland were under dosed or not treated all.

Two studies of focused therapy combining 
whole-gland external beam RT and focal HDR 
boosts have also demonstrated low toxicity and 
good tumor control data compared to whole- gland 
treatment. Schick et al. [53] compared 77 patients 
undergoing 3D conformal EBRT (64–64.4 Gy) 
plus hemi- (n = 22) versus whole-gland (n = 57) 
HDR boost of 12–16 Gy in two fractions. With a 
median follow-up of 69 months, no differences 
were observed in late rectal toxicity, although late 
grade 4 urinary toxicity was exclusively observed 
in the whole-gland group (5/57, 8.8 %). No differ-
ence was noted in 5-year biochemical relapse-free 
survival by Phoenix definition, 79.7 % versus 
70.5 % for the hemi- and whole-gland groups 
(p = 0.99). Vigneault et al. [54] examined 26 
patients with intermediate-risk prostate cancer 
who underwent external beam pelvic radiation 
(40–44 Gy) followed by HDR brachytherapy 
boost consisting of 15 Gy single fraction to the 
whole gland with a simultaneous 3 Gy selective 
boost to the MRI/MRS or fluorocholine- positron 
emission tomography/computed tomography 
(PET/CT)-defined DIL (total of 18 Gy to the 
DIL). No acute or late grade 3 GI toxicities were 
noted with a median follow- up of 57 months. The 
average IPSS score at baseline, 12, 24, and 
48 months, were 7.78, 8.3, 8.25, and 7.73, respec-
tively. The 5-year PSA disease- free survival 
(Phoenix definition) was 95.7 %, which compared 
favorably with 93.4 % (p = 0.53) in a cohort of 
685 intermediate-risk patients treated at the same 
institution without the DIL boost.

Finally, two studies reported the use of stereo-
tactic radiation therapy in a focused therapy 
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approach. Miralbell et al. [55] performed a hypo-
fractionated stereotactic IMRT boost to the DIL 
in combination with whole-gland standard frac-
tionated 3D conformal EBRT (64–64.4 Gy). Due 
to the differing fractionation schedules between 
the whole-gland and boost treatments, a cumula-
tive BED2Gy (biologically effective dose if all 
treatment was given in 2 Gy fractions) was calcu-
lated in order to combine the 3D EBRT whole- 
gland and stereotactic IMRT boost doses. The 
MRI-defined DIL received two fractions of 5, 6, 
and 7 Gy (cumulative BED2Gy 82, 88, and 96 Gy, 
21 patients) or 8 Gy (cumulative BED2Gy of 
104 Gy, 29 patients). Comparisons were made 
between the 21 patients whose BED2Gy was 
<100 Gy (low dose) and the 29 patients whose 
BED2Gy was >100 Gy (high dose). With a median 
follow-up of 63 months, there was no correlation 
between dose and acute or late GI or GU toxici-
ties. No patients developed late grade 3 or higher 
GU toxicities, although five did develop late 
grade 3 GI toxicity. The proximity of the boost 
volume to the rectum, as referenced by Housri 
et al. [32], was not delineated in this report, but a 
trend was noted between the proportion of rec-
tum (≥30 %) receiving ≥3 Gy per fraction and 
grade ≥2 late GI toxicity. Five-year biochemical 
disease-free survival was 98 %, although 
 interpretation of that result is difficult since the 
group included a mixture of low-, intermediate-, 
and high-risk patients in whom 66 % were also 
on 6–30 months of androgen deprivation therapy. 
Aluwini et al. [56] reported a study of hypofrac-
tionated stereotactic body radiation therapy 
(SBRT, Cyberknife®) for 50 patients with low- to 
intermediate-risk prostate cancer. A dose of 
38 Gy in four fractions (9.5 Gy per fraction) was 
delivered to the whole gland with an integrated 
focal boost to 11 Gy per fraction applied to the 
DIL if identified on MRI. The whole-gland dose 
was consistent with current literature on prostate 
SBRT [63]. Median follow-up was 23 months. 
Urinary, bowel, and sexual domains on quality- 
of- life questionnaires showed no significant 
changes at 24 months after treatment. Late grade 
2 GI toxicity was 2 % and late grade 2 and 3 GU 
toxicity was 10 % and 6 %. These rates were 
compared to a contemporary series of reports of 

prostate SBRT and found to be comparable. 
Prostate SBRT is rapidly becoming accepted as a 
standard treatment for early-stage prostate can-
cer, and as a result, treatment such as that pro-
posed by Miralbell [55] and Aluwini [56] will 
likely become more common as improvement 
and availability of this technology become more 
widespread.

 Focal Salvage Therapy

Focal salvage therapy for a local recurrence of 
prostate cancer is conceptually attractive as a 
treatment that could provide equivalent tumor 
control rates while reducing the toxicities of 
whole-gland salvage therapy. The 5-year bio-
chemical control rates of whole-gland salvage 
have been reported in the 50–80 % range [9]. 
Grade 3–4 urinary toxicity, however, has been 
reported between 14 % and 47 % and grade 3–4 
gastrointestinal toxicity between 2 % and 24 % 
[10]. Two focal salvage therapy reports have been 
published utilizing focal LDR brachytherapy 
while two others report results with HDR 
brachytherapy.

Hsu et al. [57] reported the outcomes for 15 
patients with a biopsy-proven local recurrence 
after primary LDR brachytherapy. Areas of 
recurrence based on biopsy and MR/MRS as well 
as areas of undertreatment from the primary 
brachytherapy procedure as determined by a MR 
expansion algorithm were treated with full dose 
I125 seeds 144 Gy (n = 13), full dose Pd103 seeds 
125 Gy (n = 1), or combined I125 seed boost 
108 Gy and IMRT to the prostate and seminal 
vesicles 40 Gy/20 fractions (n = 1). Of note, the 
authors stated that limiting urethral and rectal 
toxicity was prioritized and patients with recur-
rence considered too close to the urethra or ante-
rior rectal wall were not considered for this 
treatment protocol. The median interval between 
initial and salvage therapy was 69 months (range 
28–132 months), and the median presalvage PSA 
was 3.5 ng/ml (range 0.9–5.6 ng/ml). The 
Gleason scores of the recurrence were 6 (66.7 %), 
7 (13.3 %), 8 (13.3 %), or undefinable (6.7 %). 
With median follow-up of 23.3 months, 53 % of 
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patients achieved a PSA nadir of <0.10 ng/ml, 
and 73.3 % achieved a PSA nadir of <0.50 ng/ml. 
PSA disease-free survival by ASTRO definition 
(three consecutive rises) at 1, 2, and 3 years after 
salvage was 86.7 %, 78.4 %, and 63.7 %, respec-
tively. PSA disease-free survival by Phoenix defi-
nition (nadir + 2 ng/ml) for the same time 
intervals was 100 %, 100 %, and 71.4 %. No 
patient developed urinary incontinence or grade 
≥3 GI or GU toxicity. Presalvage, all patients had 
functional erections without (47 %) or with 
(53 %) medication, while 87 % of patients after 
salvage therapy had either intact erectile function 
(20.3 %) or medication-responsive ED (66.7 %).

Peters et al. [58] analyzed a similar cohort of 
20 patients who underwent focal salvage I125 
brachytherapy for biopsy-proven and MRI- 
localized local recurrences after primary radia-
tion therapy (LDR brachytherapy 35 %, EBRT/
IMRT 65 %). The recurrent tumor volumes 
received doses of ≥144 Gy. The median interval 
between initial and salvage therapy was 
79 months (range 42–144), median presalvage 
PSA was 4.7 ng/ml (range 0.3–14.0), and the pre-
salvage median PSA doubling time was 
19 months (range 6.1–90.0). The Gleason scores 
of the recurrent disease were ≤6 (35 %), 7 (30 %), 
and undefinable (35 %). With a median follow-up 
of 36 months (range 10–45), the 3-year PSA 
disease- free survival (Phoenix definition) was 
60 %. Three patients did not respond to treatment 
and developed metastatic disease. A single 
patient developed late grade 3 GU toxicity (ure-
thral stricture), while no patients developed late 
grade ≥3 GI toxicity. The five patients who were 
potent prior to salvage therapy maintained 
potency at last follow-up.

Chung et al. [59] reported a series of 15 
patients treated with focal salvage HDR brachy-
therapy for biopsy-proven local recurrence after 
EBRT. MR-guided transperineal mapping biopsy 
results were utilized to define the GTV, and focal 
HDR was delivered to a total dose of 26 Gy in 
two fractions. All patients had a PSA doubling 
time >6 months and an interval between initial 
and salvage therapy of at least 18 months. The 
mean presalvage PSA was 3.96 ng/ml (range 
1.68–8.39). With median follow-up of 12 months 

(range 3–24), 14 of 15 (93.3 %) patients had a 
>50 % reduction in PSA after salvage brachy-
therapy. Nine of 12 (75 %) patients with 
≥12 months follow-up had a PSA < 1.0 ng/ml. 
Only one patient developed grade 2 GU toxicity 
(urinary obstruction requiring temporary cathe-
terization) with no patients experiencing grade 
≥3 toxicities. A similar report by Chung et al. 
[60] described a series of 15 patients who also 
were treated with focal salvage HDR brachyther-
apy after EBRT. Biopsy confirmed local recur-
rences identifiable on mpMRI underwent HDR 
treatment to a total dose of 27 Gy in 2 fractions. 
The time interval between initial and salvage 
therapy was ≥30 months with presalvage 
PSA ≤ 10 ng/ml. The Gleason scores of the local 
recurrences were 6 (1 patient), 7 (7 patients), 
8–10 (6 patients), and unassessable (1 patient), 
respectively. With median follow-up of 18 months 
(range 6–30), 9 of 15 (60 %) patients remained 
relapse-free by PSA. No acute or late grade ≥3 
GU/GI toxicities or urinary retention were 
observed. There was no significant change in 
IPSS score or Expanded Prostate Cancer Index 
Composite (EPIC) urinary, bowel, and sexual 
domains from presalvage assessment through 
18-month follow-up.

Each of these reports indicate that both focal 
salvage LDR and HDR brachytherapy are feasi-
ble after primary radiation therapy and can result 
in biochemical disease-free survival in the same 
range as whole-gland salvage therapy with mini-
mal toxicity. However, given the small patient 
numbers and short follow-up, further study is 
needed to prove the utility of this approach.

In summary, the clinical outcomes in a small 
number of studies have shown that primary focal, 
primary focused, and focal salvage radiation 
therapy is feasible using varied techniques 
including LDR and HDR brachytherapy, as well 
as IMRT and SBRT. Low complication rates and 
good initial tumor control rates in the primary 
focal and focused setting show promise, but 
larger numbers of patients and longer follow-up 
will be needed to determine if these approaches 
can provide equal or better cancer control with 
lower complication rates compared to standard 
whole-gland radiation approaches. The definition 
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of cancer control still remains unclear in this situ-
ation, although it seems reasonable that standard 
ASTRO or Phoenix definitions of PSA failure 
may not be optimal and alternative measures may 
be necessary to define success. Toxicity out-
comes compare favorably with whole-gland 
treatment, but future evaluations will be needed 
to measure toxicity outcomes between various 
focal and focused treatment techniques to deter-
mine the optimal approach. Relative to primary 
focal or focused approaches, focal salvage ther-
apy has a lower bar to reach in terms of tumor 
control and toxicity outcomes. Early reports indi-
cate that both focal salvage LDR and HDR 
brachytherapy are feasible after primary radia-
tion therapy and can result in biochemical 
disease- free survival in the same range as whole- 
gland salvage therapy with less toxicity. However, 
the same issues remain with regard to the need 
for larger numbers of patients and longer follow-
 up as well as new studies to determine the opti-
mal technique to deliver the treatment.

 Conclusion

The accuracy and precision of treatment delivery 
along with its dose-shaping capability make radi-
ation therapy an ideal modality for focal therapy. 
With advancements in the ability to localize 
tumor within the gland, there is interest in apply-
ing current HDR and LDR brachytherapy tech-
niques as well as IMRT/SBRT to a partial-gland 
treatment approach. Early studies have shown the 
feasibility of using currently available planning 
and treatment technology to deliver focal radia-
tion doses to the prostate. Higher tumor and 
lower normal tissue doses can be achieved when 
treating the smaller volumes of tissue with focal 
therapy, but location of these smaller volumes 
relative to normal structures such as bladder, ure-
thra, and particularly rectum can still signifi-
cantly influence the ability to achieve those 
dosimetric goals. Initial outcome studies appear 
promising for primary focal and focused radia-
tion therapy as well as for focal salvage radiation, 
but larger numbers of patients and longer follow-
 up will be needed to determine the optimal radia-

tion modalities, treatment planning techniques, 
dose constraints, and outcome measurements to 
make these approaches mainstream therapy.
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 Introduction

The concept of anterior cancer was recently 
defined as cancers located anterior to the poste-
rior sectors/part of the prostate sampled by poste-
rior systematic biopsies, i.e., at a distance of at 
least 17 mm (posterior biopsy core length) ante-
rior to the rectal surface of the gland [1, 2]. 
Anterior cancers comprise peripheral zone (PZ) 
origin and transition zone (TZ) origin cancers 
[3]. Their pattern of spread differs according to 
their PZ or TZ origin [4, 5]. In this chapter we 
will discuss only TZ origin cancers. In the last 
decade, their detection, diagnosis, and treatment 
options were transformed by the emergence of 
multiparametric magnetic resonance imaging 
(mpMRI).

The prevalence of TZ cancers is 25 %. These 
cancers are located at the anterior part of the TZ, 
anterior to the distal urethra, on the midline. Due 
to this location, the detection and sampling of TZ 

origin, clinically significant cancers depend on 
MRI and targeted biopsies. Their clinical inci-
dence in men with suspicious prostate-specific 
antigen (PSA) is close to 20 % [6]. Posterior 
extended 12-core systematic biopsies underdiag-
nosed and undersampled these TZ origin cancers, 
at least at early curable stage.

Specific approaches and applications of focal 
therapy (FT) should be considered for these ante-
rior cancers originated from the TZ. Hence, par-
tial therapy studies use various ablative methods 
delivering thermal energy, which should be 
adapted to the various intraprostatic locations of 
the targeted tumor or area such as the PZ, the TZ, 
or the anterior fibromuscular stroma (AFMS). An 
à la carte model for partial or focal therapy 
according to intraprostatic tumor location and 
size was therefore discussed [7]. In this chapter 
we will first review their prevalence, pattern of 
spread, and diagnostic pathways. Then the ratio-
nale for focal therapy and approaches including 
surgical partial excision, thermal ablation, and 
radiation therapy will be discussed.

 Anatomic Definition

Current understanding of the anatomic subdivi-
sion of the adult prostate gland is secondary to 
two major studies successively published by Gil- 
Vernet in 1953 and by McNeal in 1968 [8]. 
McNeal defined anterior cancers as TZ origin 
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cancers only (part of the gland removed during 
benign prostatic hyperplasia [BPH] surgery, cor-
responding roughly to former stages A or T1a/
T1b cancers) [5, 9]. Determination of zonal ori-
gin of prostate cancer (PCa) is possible only for 
small-volume cancers, <2–4 cc, and using 
detailed histological reconstruction of step sec-
tions of radical prostatectomy (RP) specimens 
with zonal histology and cancer contouring. 
Definition of zonal origin and focality was pro-
posed by McNeal [5]. Cancer should entirely or 
mainly be confined to a zone. Two separate foci 
should be at least at 3 mm in all directions to be 
two different cancers.

In cases of larger cancer volumes, it is mostly 
not possible to determine their zone of origin, 
and authors refer to their anterior location, which 
could be either anterior PZ or TZ in origin [10]. 
This anterior location comprises the periurethral 
tissue, the anterior horns of the PZ, the TZ, and 
the anterior fibromuscular stroma (Fig. 28.1). 

Al-Ahmadie defined anterior predominant pros-
tatic tumors as index tumor located anterior to a 
horizontal line drawn at the midpoint of the pros-
tatic urethra on average at a 15 mm distance from 
the rectal surface [10]. The concept of “evasive” 
anterior tumors was also proposed, referring to 
the absence of evidence for zonal origin determi-
nation at MRI or pathology [11, 12].

Another definition of anterior cancer location 
is the part of the gland anterior to an area sampled 
by transrectal systematic 12-core posterior biop-
sies, at least 17 mm (average biopsy core length) 
from any part of the posterior prostate. This defi-
nition was first proposed by Villers et al. to help 
for imaging scheme reporting (Fig. 28.2) [1, 2, 6, 
13]. This definition has the advantage of separat-
ing cancers that may be sampled by systematic 
12-core posterior biopsies, which is the accepted 
standard from the others that require an anterior 
targeted biopsy. This definition was retained in 
the American College of Radiology (ACR) and 
European Society of Uroradiology (ESUR) 
Prostate Imaging Reporting and Data System 
version 2 (PI-RADS v2) guideline [14], in which 
a sector map is provided and employs 39 sectors/
regions: 36 for the prostate, 2 for the seminal 
vesicles, and 1 for the external urethral sphincter. 
However, these anterior PZ and TZ zones are 
anatomically and histologically distinct. Their 
patterns of spread are different, and for these rea-
sons, we will discuss in this chapter only TZ ori-
gin cancers [5].

 Prevalence/Incidence

 Histologic Prevalence

In a series of cystoprostatectomy specimens per-
formed for bladder cancer from 345 consecutive 
patients without clinically manifest prostate can-
cer [3], in the 96 prostates with cancer, 215 cancer 
foci were identified (mean 2.24 cancers per pros-
tate). Of the 215 cancers, 90 % were <0.5 cc and 
79 % <0.2 cc. Overall, 88 % of cancer foci were 
clinically insignificant with a tumor volume 
<0.5 cc and no Gleason grades 4–5. It was possi-
ble to determine the zonal origin of these foci and 

Fig. 28.1 From superior to inferior, the prostate consists 
of the base (just below the urinary bladder), the midgland, 
and the apex. It is divided into histologic zones: the ante-
rior fibromuscular stroma (AFMS) contains no glandular 
tissue; the transition zone (TZ), surrounding the urethra 
proximal to the verumontanum; and the outer peripheral 
zone (PZ). When benign prostatic hyperplasia (BPH) 
develops, the TZ will account for an increasing percent-
age of the gland volume. BN bladder neck, DU distal 
urethra
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small-volume cancers. Approximately 70–75 % 
of prostate cancers originate in the peripheral 
zone-central zone (PZ-CZ) and 20–30 % in the 
TZ (Fig. 28.3). In addition, 30 % of cancer foci 
were anteriorly located beyond the posterior area 
sampled by posterior biopsies, and 20 % foci were 
within 6 mm of the apex. These results created the 
rationale for hypothesizing that AFMS cancers 
originate from anterior and medial TZ but become 
excluded from the TZ, anteriorly into the AFMS, 
due to growth of BPH. The TZ anterior limit 

would then function as a barrier to their posterior 
extension (Fig. 28.4).

 Clinical Incidence

In the last decade, MRI and targeted biopsies 
allowed better detection, depiction of location, 
and burden and diagnosis of anterior cancers 
originated from TZ. They account for 19 % of 
new cancers [6, 11, 15, 16].

Fig. 28.2 Twenty-seven regions/sectors standardized 
MRI prostate reporting scheme. Posteriorly (p), average 
axial sections at prostate base, midgland, and apex are 
subdivided into four regions (midlobar and lateral). 
Anteriorly, the prostate is divided into four anterior 

regions (a) (midlobar and lateral) and three anterior 
stroma regions (as). The anterior region starts 17 mm 
from the prostatic posterior surface (biopsy core length). 
A 12-core extended biopsy scheme would be expected to 
sample the 12 posterior sectors. Adapted from [1]
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 Origin and Pattern of Spread

Detailed studies of TZ cancers morphometry and 
pattern of spread showed that these cancers origi-
nate from anterior and medial TZ, anterior to the 
urethra on the midline at the distal part of TZ 
ducts [4]. Transition zone cancers are located at 
the anterior third of the TZ. AFMS cancers are 
medially located, anterior to the urethra. Because 
of this location, their detection by systematic 
biopsy scheme is minimal in comparison to 
detection by TB to MRI suspicious area.

Due to BPH enlargement, they become partly 
or totally excluded from the TZ, spreading ante-
riorly into the AFMS, the TZ anterior limit acting 
as a barrier to their posterior extension [6]. It was 
observed that above 1 cc of volume, spatial distri-
bution of anterior cancers extended at histology 
from the apex, close to striated sphincter, to the 
bladder neck [4].

The role of spatial distribution of cancers 
according to the zone of origin and volume is dis-
cussed in Chap. 7.

 Prognosis/Natural History

Before the MRI era, for TZ cancers, treated by 
RP in a series from Stanford, mean PSA was 
31.1 ng/ml (1–270), and the percentage of 
patients with indetectable PSA after RP was 
80 %. The same figures for PZ cancers were 
11.1 ng/ml (1–23) and 56 %, respectively [17–
19]. Does it mean that TZ cancers grow to a high 
volume, as well as differentiated cancers, differ-
ently from PZ cancers? Probably not. These 
results for TZ cancers should be viewed with 
caution due to a selection bias: only large TZ can-
cers sampled by posterior biopsies were diag-
nosed. In addition only the one with negative 
frozen section lymph node dissection had an 
RP. These results for TZ cancer do not reflect the 
whole spectrum of TZ cancers. Currently, TZ 
cancers should be similarly detected with MRI at 
an early stage, as with PZ cancers, by experi-
enced radiologists [20–22].

After the MRI era, the association between TZ 
tumor origin and the risk of biochemical recur-

Fig. 28.3 Cancer 
originates at the distal 
part of glandular ducts: 
75 % (red dots) from 
peripheral zone ducts, 
25 % (green dots) from 
transition zone ducts. 
Series of 146 cancers 
<0.1 cc. Adapted  
from [3]
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rence does not add important predictive value to 
the standard prognostic factors. However, large 
series with MRI-detected cancers should be 
available to conclude.

 Diagnosis Based on Magnetic 
Resonance Imaging and Targeted 
Biopsies

MR imaging can be used to detect, localize, and 
stage TZ origin prostate cancers, also described 
as “evasive” anterior tumors by Lawrentschuk 
et al. [6, 11, 13, 15, 16, 23–27].

While mpMRI is an excellent tool in the detec-
tion and staging of prostate cancer, there exists 
significant variability in hardware, scan proto-
cols, and reader experience that affects accuracy. 
To ameliorate these limitations, reporting guide-
lines, such as the second version of PI-RADS, 
have emerged in order to standardize mpMRI 
acquisition and interpretation [14]. PI-RADS 
predicts the likelihood of clinically significant 
cancer, which increases as the scale moves from 
1 to 5. In its latest iteration, the implementation 
of different criteria for interpreting findings in the 
transition and peripheral zones acknowledges the 
fact that the prostate is an inhomogeneous organ 
with differential distributions of glands and 
stroma. In determining the presence and extent of 
the anterior prostate tumor, which resides largely 
in the transition zone but may invade the AFMS 
or lateral horns of the peripheral zone, recogni-
tion of these nuances is critical.

Many urologists perform transrectal ultra-
sound (TRUS)-guided prostate biopsies in their 
clinics. While MRI-targeted biopsy was hitherto 
performed in-bore and considered the domain of 
radiologists, the advent of MRI-TRUS fusion 
biopsy has naturally extended the urologists’ 
skills with ultrasound. The early implementa-
tions of MRI-TRUS fusions were cognitive or 
visual estimation (visual estimation targeting or 
VET). Ouzzane et al. reported that the addition of 
VET MRI-TRUS fusion biopsies almost doubled 
the cancer detection rate compared to random 
systematic cores in 46 men with anterior prostate 
cancers and upgraded cancer findings of the sys-
tematic cores by 44 % [6]. Current advances in 
MRI-ultrasound image fusion include software 
registration and probe tracking, which have led to 
a plethora of MRI-US fusion platforms [28]. 
These platforms have fostered a multidisciplinary 
approach to fusion biopsy with a radiologist 
marking a suspicious lesion and a urologist trans-
ferring this information to an ultrasound machine 
for a convenient office-based image-targeted 
biopsy [29].

In situations where mpMRI is not available, a 
transperineal biopsy better samples the anterior 
zone than a transrectal approach. Ong et al. found 
that of repeat transperineal biopsies, the diagnos-
tic rate of exclusively anterior prostate cancers 
was 25 % [30]. However, transperineal biopsy 

Fig. 28.4 Cancers originated in the transition zone are 
located at the anterior part of the transition zone or medi-
ally in the anterior fibromuscular stroma (AFMS) due to 
BPH growth. (a) Transverse section. (b) Sagittal section. 
Adapted with permission from Ouzzane A, Puech P, 
Lemaitre L, Leroy X, Nevoux P, and Betrouni N et al. 
Combined multiparametric MRI and targeted biopsies 
improve anterior prostate cancer detection, staging, and 
grading. Urology. 2011 Dec;78(6):1356–1362 [6]
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has to be performed under anesthesia and does 
have complications [31].

 Rationale for Focal Therapy 
for Transition Zone Origin Cancers

Energy-based partial gland ablation is an emerg-
ing treatment for localized intermediate-risk 
prostate cancers aimed at reducing the morbidity 
associated with radical whole-gland therapy, 
while delivering cancer control [32, 33]. These 
focal therapies are adapted to PCa location, such 
as the peripheral zone, transitional zone, or ante-
rior fibromuscular stroma [7].

Anterior cancer nodule can be isolated, mainly 
in the AFMS, at distance from the PZ, with no 
cancer in the PZ. In these cases, which may rep-
resent 3–5 % of new cancers [34], focal or partial 
treatment may be discussed in order to decrease 
morbidity associated with whole-gland therapy.

Anterior, apical cancer locations are subopti-
mal for ablative focal or partial therapy 
approaches because of issues with tumor loca-
tion. Targeting such apical nodules located ante-
rior to the prostatic urethra for ablative therapies 
is challenging due to interference of the anteroin-
feriorly located pubic symphysis, the potential of 
perforating the urethra and/or neurovascular bun-
dles during transperineal approaches, and the risk 
of external striated sphincter damage by thermal 
treatment effect diffusion. These anterior cancers 
might be candidates for focal high-intensity 
focused ultrasound (HIFU) or cryotherapy or 
irreversible electroporation (IRE) [35]; however, 
no study results focusing on this specific location 
are yet published.

Anterior tumor contours in relation to prostate 
volume and zonal anatomy distortion by BPH are 
crucial for patient selection and success of the 
procedure. One challenge is at the anterior apex. 
Hence, focal ablative therapy is a suboptimal 
treatment option for PCa located in the anterior 
apex of the prostate because of potential thermal 
diffusion injury to the external striated sphincter, 
neurovascular bundles, and/or urethra, as well as 
interference from the pubic symphysis. In 11 out 
of 17 cases, anterior cancer was at the apex at 

systematic biopsies or MRI. Another challenge is 
at the anterior bladder neck, which should be 
treated due to its close location to the cancer limit 
if the volume is <1 cc [4].

 Methods of Focal Therapy 
for Transition Zone Origin Cancers

The anterior prostate gland is more easily reached 
with a transperineal than a transrectal approach. 
The majority of anterior cancers occur in the mid 
and apical anterior gland with a fifth of them situ-
ated within 6 mm of the apex where the prostatic 
capsule tapers and meets the urethral sphincter 
[3, 6]. Delivering thermal energy to anterior can-
cer with apical extension may thus be undesirable 
[7], for fear of compromising the sphincteric 
unit.

Thus, any form of ablative energy should be 
directed carefully to avoid injury to collateral 
structures at the apical anterior gland. At this 
juncture in treatment planning, described ana-
tomical variations of the prostatic apical shape 
should be kept in mind [36]. Some specific theo-
retical advantages or disadvantages of some of 
the currently available ablative technologies are 
discussed here, though the reader should be cau-
tious that many of these are opinions and have 
not yet been supported by evidence [7].

 Thermal Ablation

 Cryotherapy
Prostate cryotherapy is most commonly per-
formed as a transperineal procedure. Modern 
cryotherapy probes have an adjustable ice length, 
and this allows the ice balls to be conformed to 
the shape of the intended ablation zone. Having a 
characteristic ultrasound appearance due to its 
high-acoustic impedance, the ice ball margin can 
be carefully monitored and adjusted by the oper-
ator [37]. It is also a standard practice to use ure-
thral warming devices, which have been shown to 
protect the urethral mucosa from necrosis and 
reduce the rates of incontinence and urinary 
retention [38–40]. Thermocouples can also be 
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deployed to aid in monitoring of temperature in 
critical areas.

 High-Intensity Frequency Ultrasound
HIFU is typically applied to the prostate via a 
transrectal probe. This is effective in the ablation 
of posterior cancers but less so in the anterior 
gland due to energy dissipation over intervening 
prostate tissue as well as edema, causing it to be 
displaced further ventrally [7, 41, 42]. One inter-
esting new development that has arisen due to 
miniaturization of HIFU probes is transurethral 
HIFU [43]. Being close to the anterior gland, 
transurethral HIFU has the potential to treat ante-
rior cancers more effectively, though this has yet 
to be proven. Lastly, in-bore HIFU with MR ther-
mometry could help ensure lethal temperatures in 
the ablation zone and safe temperatures in the 
urethra and sphincter.

 Irreversible Electroporation
IRE refers to the irreversible creation of pores in 
cellular membranes using short pulses of direct 
current electricity resulting in cell death [44]. 
Being delivered via transperineal probes, good 
access to the anterior prostate can be achieved. 
One theoretical benefit of IRE is the preservation 
of connective tissue architecture, which could act 
as a scaffolding for new cells to grow and thus 
improve functional recovery after treatment. 
However, early studies show fibrinoid necrosis 
noted in the unilateral neurovascular bundle and 
denudation of the prostatic urethra [45].

 Radiation Therapy

 Brachytherapy
The majority of brachytherapy reports in the lit-
erature refer to whole-gland treatment. Simulation 
studies do show an adequate dose delivery using 
a focal planning approach [46, 47]. Being a trans-
perineal procedure, access to the anterior prostate 
gland is good, and there is the theoretical benefit 
of a rapid dose drop-off of several millimeters 
using an alpha radiation source allowing for a 
highly conformal approach. While low-dose rate 
(LDR) brachytherapy urinary toxicity rates 

appear low, high-dose rate (HDR) brachytherapy 
is associated with a urethral stricture rate as high 
as 8.2 % with the majority occurring near pros-
tatic apex or bulbous urethra [48, 49].

 Surgery

Surgical partial excision of such anterior nodules 
may be a viable option for delivering partial ther-
apy [50, 51]. It has the advantages of an accurate 
excision of the cancer due to the standardized 
anterior en bloc approach and of having a patho-
logic assessment of the cancer and specimen 
margins. As for any focal treatment, no known 
foci of significant cancer should be present in the 
rest of the gland, with the possibility to perform a 
salvage radical procedure in case of a recurrence 
or de novo cancer in the follow-up. Anterior to 
the urethra, in close physical proximity to the 
external sphincter or bladder neck, focal ablative 
therapy may be a suboptimal option for APC 
reaching the prostate apex due to concerns for 
thermal injury to the external sphincter.

Villers et al. reported their results of an en 
bloc template surgical excision of anterior part of 
the gland including TZ, AFMS, and anterior part 
of PZ (Fig. 28.5) [34]. This technique would:

 1. Be effective for complete tumor ablation with 
a safety margin of benign tissue posteriorly

 2. Be associated with functional results sig-
nificantly better than after RP, with no 
stress incontinence or modification of erec-
tile  function, similar to those after simple 
prostatectomy procedure [52]

 3. Allow pathological assessment of ablated 
tissue and PSA nadir. Would be accurate 
for oncological control and diagnosis of 
recurrence or of de novo PZ cancer

 4. Allow completion radical prostatectomy or 
ablative therapies in case of cancer recurrence 
or de novo, with oncologic and functional out-
comes similar to what would have been 
expected in case of RP as initial treatment

Objectives were to explore technical feasibility 
of anterior partial prostatectomy for isolated, 
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MRI-detected APC and to report oncological and 
functional outcomes [34]. Over an 8-year period, 
17 consenting patients were enrolled in a prospec-
tive, single-arm, single-center, phase 2a study. 
Inclusion criteria comprised pre-urethral, low-
intermediate-risk APC diagnosed by MRI and tar-
geted biopsies. Robotic template anterior partial 
prostatectomy was performed; posterolateral 
aspect of sub-montanal urethra, peripheral zone, 
and periprostatic tissues were preserved intact. 
Technique was feasible in all cases. Perioperative 
complications included anastomotic leak (12 %, 
G2), urinary tract infection (6 %, G2), and tran-
sient intestinal ileus in one case (6 %, G2). At 
3 months, continence and potency rates were 
100 % and 83 %, respectively. Median nadir PSA 
was 0.4 ng/ml (IQR: 0.3–0.7). All margin and pos-

terolateral margin rates were 55 % and 35 %, 
respectively. At a median follow- up of 30 months 
(range: 0.5–8), APC recurrence- free survival at 
2 years was 0.86 (0.55–0.96). Four patients (24 %) 
who recurred underwent an uncomplicated com-
pletion robotic prostatectomy [34].

Positive margins at the site of PZ anterior 
aspect left in situ were observed in 6/17 cases and 
depend on tumor volume, location, and contour. 
The four cases who recurred were part of these 
six cases [34].

Positive margins along the anterior surface of 
the prostate should theoretically be similar to the 
risk during radical prostatectomy since the ante-
rior aspect of the prostate is dissected similarly 
and to the same extent in both procedures. In a 
series of 189 patients who had MRI-detectable 
anterior tumors and RP, Al Edwan reported that 
46 % had positive surgical margins [12]. Exposure 
of these cancers at the AFMS surface is limited by 
leaving as much as possible the periprostatic fat 
on the specimen, but may not be possible always 
by any technique. Biologic significance of these 
anterior margins is uncertain. In our series, ante-
rior margin location was not associated to tumor 
recurrence in the prevesical space [34].

Partial prostatectomy may be a potential 
option for highly selected men with anterior can-
cers who are not candidates for focal ablative 
therapy. Additional criteria for selection should 
include whole-gland volume >40–45 cc. 
Technique should include frozen section 
 assessment of PZ margin. Quality-of-life ques-
tionnaires should be added to assess overall ben-
efits or harms of this technique before being 
recommended or not as a reasonable alternative 
to standard therapies.

 Conclusion

Anterior prostate cancers often arise from the 
transition zone. Using modern diagnostic imag-
ing with mpMRI and targeted biopsies, these 
may be detected at an organ-confined stage where 
they are suitable for focal treatment with less 
functional morbidity than traditional whole- 
gland methods.

Fig. 28.5 Schematic view of the prostate: (a) sagittal and 
(b) transverse at midgland. Red dotted line shows dissec-
tion plane of anterior partial prostatectomy. Protocol com-
prises en bloc template excision of the anterior part of the 
prostate including anterior fibromuscular stroma (AFMS), 
prostate adenoma (transition zone (TZ) and median lobe) 
with the proximal urethra (PU), the anterior part of the 
distal (sub-montanal) urethra (DU), the most anterior api-
cal parts of the peripheral zone (PZ), and anterior bladder 
neck (BN). Adapted from [34]
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 Introduction

There is growing recognition that monotherapies 
infrequently yield the durable (“curative”) out-
come sought by patient and physician. 
Combinatorial strategies, especially with 
sequenced chemotherapy or radiation therapy, 
now represent the emerging standard of care for 
many cancers. Cryoablation, as an energy depri-
vation therapy, is unique in that it initiates dis-
tinct forms of cell death, including physical 
damage due to ice formation, activation of cellu-
lar stress responses that lead to the induction of 
gene-regulated apoptosis, vascular stasis, and 
likely activation of an ablative immune response. 
Each of these elements of the cell death cascade 
is separately influenced by the physical parame-
ters of the freeze-thaw process (i.e., cooling rate, 
duration at nadir temperature, thawing rate, etc.). 

Also important to the ablative outcome are the 
distinct cancer cell sensitivities to freezing.

Efforts to find curative therapies for diverse 
cancers continue to be challenged by the com-
plexity of each cancer’s adaptive capabilities. A 
recent example of one such challenge is the 
apparent refractoriness of various cancers to 
repetitive chemotherapy with the ultimate out-
come of the acquisition of treatment resistance 
and metastasis [1–3]. Similar observations have 
been reported following both radiotherapy [4–6] 
and hormonal ablation therapies [7–10]. These 
studies offer mechanistic insights into the incom-
plete clinical response in the treatment of nearly 
all forms of cancer over the past 50 years [11]. 
For advanced solid malignancies, “curative out-
comes” seem limited to 5–10 % improving to 
approximately 60–80 % for locally confined dis-
ease. For metastatic prostate cancer posttreat-
ment, the 5-year survival rate is 25 % with 
median survival 40 months [12].

Despite the emergence of a half century of 
divergent therapeutic regimens, no single therapy 
has challenged the norm of suppressive but not 
curative outcome. With monotherapies, cure is 
possible but not assured or predictable. We can 
gain insights into treatment alternatives, namely, 
combinatorial strategies, by considering the 
newly emerging concepts that describe the tumor 
microenvironment and the associated hallmarks 
of cancer that help define cancer cell plasticity 
and continued mutagenic potential, which 
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together evoke substantial survival mechanisms 
[13, 14].

The adaptive strategies employed by cancers 
are variable in time and tumor location (Table 
29.1) and yield a cohort of molecular cellular 
responses that often overcome therapeutic treat-
ment strategies. This array of defensive tactics 
renders most first-line treatment standards tran-
siently suppressive, of uncertain curative out-
come and characterized by potential long-term 
metastatic involvement. In effect, efforts to 
manipulate the molecular schema of a cell are 
compromised by the highly evolved defenses of 
cancers [14]. We now recognize that a tumor is 
not simply a homogeneous mass of cancer cells 
growing without control that will often result in 
the structural disruption of the primary site of ori-
gin followed by tissue architectural destruction at 
secondary (metastatic) sites. Tumors are hetero-
geneous cell masses with complex structure, 
“neo-organ-like,” that include (1) a cancer stem 
cell population; (2) a tumor microenvironment 
that recruits diverse non-cancerous, tumor- 
associated support cells; and (3) a tumor- 
developed immune cell population that 
compromises the body’s natural immune surveil-
lance functions.

Cancer cell growth is kept in check by tumor 
suppressor genes such as p53 until activating 
mutations downregulate or eliminate suppressor 
control. New blood vessel growth occurs in 
response to tumor-associated (recruited) endo-
thelial cells and VEGF (vascular endothelial 
growth factor) signaling. Macrophages are 
recruited to the tumor environment and through 

an immune editing (desensitization) process 
compromise the immune system’s ability to rec-
ognize cancer cells. Cellular immortality is 
accomplished by upregulation of telomerase to 
add DNA protective telomeres to dividing cancer 
cells. To support cancer cell mobilization, the 
wound healing epithelial-to-mesenchymal transi-
tion (EMT) process is co-opted to prepare cancer 
cells for movement out of the tumor. Metastatic 
cancer cells change structure, activate antiapop-
totic pathways (i.e., Bcl-2 upregulation), and 
reprogram metabolism (aerobic glycolysis) to 
provide both adenosine triphosphate (ATP) and 
molecular intermediates to support cell growth. 
Taken together these characteristics or hallmarks 
result in a protective microenvironment designed 
to allow the tumor to function as an internal para-
sitic structure capable of self-management at 
both primary and secondary sites.

What then is a therapeutic course that would 
yield complete local control recognizing that the 
treatment must address the primary cancer cell, 
its associate cancer stem and circulating tumor 
cells, and tumor-associated support cells (i.e., 
epithelial cells, fibroblasts, etc.) when each dem-
onstrates distinct responsiveness to standard 
treatments? Combinatorial strategies including 
multiplexed dosing of chemotherapeutic agents 
or chemotherapy-radiation sequencing are now 
widely applied. However, while these treatment 
variations may well yield improved short-term 
suppression, they are based on similar molecular 
strategies and appear not to kill cancer stem cells 
or even those cells in the G0 state of the cell 
cycle. Promising new developments in immune 
checkpoint blockade (i.e., PD-1 and CTLA-4) 
therapies warrant evaluation as an adjunctive 
strategy with freezing [15–17]. Tumor mutations 
at any stage of cancer development give rise to 
tumor-specific neoantigens. When recognized by 
the immune system, elimination of cancer cells is 
probable. However, tumors can employ a host of 
mechanisms including local immune suppres-
sion, induction of T-cell tolerance, and immune 
editing to defend themselves from destruction by 
the immune system. Since many previous cancer 
immunotherapies have likely been limited by 
these immunosuppressive mechanisms, and since 

Table 29.1 Hallmarks of cancer

Hallmarks of cancer

Sustained proliferative signaling

Evasion of growth suppressors

Resisting programmed cell death—apoptosis

Induction of vasculogenesis and angiogenesis

Overcoming immune system defenses

Reprogramming cellular energetics

Cellular immortality

Mobilization and metastasis

Create tumor microenvironment through recruitment 
of stromal cells
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cryoablation is known to be an immune system 
activator [18, 19], evaluation of a possible combi-
natorial treatment strategy is warranted.

Needed is a combinatorial approach that 
includes the disruption of a cancer cell’s defen-
sive pathways (as with radiation and chemother-
apy) but also amplification of stressor levels, 
thereby subjecting the cancer cell to additional 
defensive pathway disruption and even physical 
(damaging) challenges. Reports of such a treat-
ment strategy have appeared recently from 
in vitro models that utilized staged combinations 
of cytotoxic agents and an energy deprivation 
event that would maximize free radical accumu-
lation [20]. Freezing (cryoablation), when 
sequenced with cell stressors such as chemother-
apeutic agents, initiates additional modes of cell 
death in all resident tumor cells with the additive 
benefit of physical disruption of >50–75 % of the 
total cell population. This occurs independent of 
cell cycle stage. The physical destruction is unre-
lated to molecular-based properties and pathways 
and related only to water-solute composition. In 
effect, if an appropriate nadir temperature is 
reached, intracellular freezing and complete cell 
death are unavoidable whether the cell is quies-
cent or dividing.

 Cryosensitization: Combinatorial 
Strategies

Freeze zone imaging (ultrasound, computed 
tomography, or magnetic resonance imaging) is 
essential to ablative precision but fails to predict 
the outcome of the cryosurgical procedure [21–
23]. This is caused by the uncertainty of tumor 
cells’ exposure to lethal temperatures, especially 
at the margin of the freeze zone where only extra-
cellular freezing is likely. Without exposure to an 
ablative nadir temperature, tumor recurrence may 
result from nonlethal freeze conditions and tissue 
morbidity associated with freezing adjacent ana-
tomical structures [24–26]. These two limitations 
would be overcome if tissue sensitization was 
capable of “making ice lethal at 0 °C.” The goal 
then with sensitization would be to make the 
boundary of the ice front completely lethal to 

cancer, thereby providing the physician with an 
unparalleled degree of precision. First attempts at 
sensitization have been accomplished by freeze- 
thaw cycling. Recent strategies rely on the use of 
cryoadjunctive agents in combination with freez-
ing. These agents may either potentiate the physi-
cal effects of the freezing process and/or activate 
cellular stress responses that launch cell death 
cascades and/or inhibit cell survival/repair mech-
anisms. Cryosensitization studies in prostate can-
cer to date include activation of membrane death 
domain receptors using tumor necrosis factor- 
alpha (TNF-α[alpha]) [27–30] and tumor necro-
sis factor-related apoptosis-inducing ligand 
(TRAIL) [31] in combination with mild freezing 
(>−10 °C). The use of chemotherapeutic agents 
in combination with freezing has also shown ben-
efit [28, 32–35]. Numerous other studies have 
reported similar outcomes with various adjuvants 
in cancers of the kidney, liver, skin, pancreas, 
lung, and colorectum [36–46]. Five categories of 
cryoadjuvants have been identified and include 
(1) thermophysical adjuvants, (2) chemothera-
peutics, (3) pro-inflammatory cytokines or 
vascular- based agents, (4) immunomodulators, 
and (5) nutraceutical-based sensitization. The 
mechanism of action of these agents often over-
laps and/or amplifies the molecular action of 
freezing thereby resulting in enhanced cell death.

 Thermophysical Processes: Freeze- 
Thaw Cycling

Freeze-thaw cycling is a common practice [47–
50]. Treatment protocols rely on repeated rapid 
freezing followed by slow (passive) thawing. 
Cryosurgical instruments typically provide a 
device-based maximum freeze rate related to 
cryoprobe diameter and cryogen type. The prog-
ress of the freeze is monitored by ultrasound to 
assure precise boundary control. Since a temper-
ature gradient between the cryoprobe surface and 
freeze zone margin exists, freezing beyond the 
tumor margin is common and necessary to assure 
the delivery of the planned nadir temperature to 
the tumor margin. Herein lies a weakness of 
cryoablation: by relying on an “over-freeze” 
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beyond the tumor boundary, non-cancerous tis-
sues may experience partial damage. Figure 29.1 
provides a quantitative representation of the 
impact of freezing beyond the tumor margin. 
Since freezing typically creates a nearly spherical 
zone of destruction, the level of nontargeted tis-
sue damage always exceeds in volume that of the 
target tissue when a 1 cm “over-freeze” is applied 
to a lesion, which equates to over 75 % of the 
total frozen mass in non-cancerous tissue.

The historical strategy for limiting the extent 
of peripheral damage has been the use of a dou-
ble freeze-thaw cycle. Figure 29.2 illustrates the 
advantage of a double freeze-thaw cycle in a PC3 
prostate cancer tissue-engineered model [39]. 
The −40 °C isotherm approximates the lethal 
temperature with the first freeze. When a second 

freeze is applied, the −40 °C isotherm extends 
distally, and the lethal temperature is elevated to 
approximately −30 °C, thereby permitting a 
reduction in the extent of the “over-freeze” nec-
essary to ablate.

The cell death illustrated in Fig. 29.2 repre-
sents a combination of physical destruction from 
the ice, necrosis from partially damaged cells not 
able to self-repair and apoptosis or gene- regulated 
cell death. The observation that cell death unre-
lated to physical damage is significant [30]. 
Radiation, many forms of chemotherapy, and 
hormonal ablation each induce apoptosis as the 
primary mechanism of cancer cell destruction. 
However, repetitive dosing often results in long- 
term resistance to subsequent treatments follow-
ing activation of defensive mutations [1–3, 51]. 

Fig. 29.1 Volumetric analysis of freeze margins. The 
volume of the freeze margin, as a percentage of the total 
frozen volume, was calculated for a hypothetical tumor 
3 cm in diameter (14.13 cm3) with positive margins of 
10 mm, 5 mm, 2 mm, and 1 mm. Note that all geometries 
were assumed to be spherical. For a 10 mm positive freeze 

margin, the ice ball had a total volume of 65.42 cm3, but 
78 % (51.29 cm3) was comprised of nontargeted tissue. 
With a 2 mm positive margin, the nontargeted frozen tis-
sue volume was 6.44 cm3 or 31 % of the total frozen vol-
ume. Reducing the freeze margins greatly reduced the 
volume of nontargeted tissue ablation

K.L. Santucci et al.
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Cryoablation, as a single-setting therapy, may 
well eliminate a cancer cell’s ability to launch its 
repertoire of defensive strategies thereby reduc-
ing the probability of disease recurrence.

Thermal responsiveness of prostate cancer 
cells can be distinct and related to androgen 
responsiveness. Figure 29.3 illustrates this dis-
tinction following a single freeze-thaw exposure. 
Androgen-sensitive LNCaP LP (low-passage) 
cells and PC-3 AR (PC-3 transfected with the 
androgen receptor) are fully ablated at tempera-
tures lower than −20 °C. In contrast, LNCaP HP 
(high passage) and PC3, which are androgen 
insensitive, require exposure to nadir tempera-
tures below −40 °C for full ablation. This differ-
ential response is linked to differences in “kill 
switch” activation and apoptotic signal pathway 

induction (Fig. 29.4). The intrinsic apoptotic 
pathway operating through the BCL2/Bax mito-
chondrial axis is activated at elevated subfreez-
ing temperatures (−15 °C) as illustrated by 
pro- caspase 9 cleavage. This contrasts with the 
Fas/Fas ligand membrane-mediated extrinsic 
pathway, which relies on caspase 8 activation. 
Pro- caspase 8 cleavage does not occur until 
exposure to lower temperatures approximating 
−30 °C. This dual temperature induction of dif-
ferent apoptotic signaling pathways [52] has 
been described as an apoptotic wave launched 
adjacent to the cryoprobe (extrinsic pathway) and 
radiating distally to the tumor margin (intrinsic 
pathway). This discovery is critical to optimizing 
cryoablation as it provides information on the 
design prospects on the use of adjuvants.

Fig. 29.2 Twenty-four hours post-freeze in a tissue- 
engineered prostate model (pTEM). A 17-gauge cryo-
probe was used to freeze pTEM models seeded with (a) 
PC-3 cells or (b) LNCaP cells for either a single or dou-
ble 10-min freeze event with thermocouple temperature 
monitoring. Samples were stained and visualized 24 h 
post-freeze with calcein AM (green) to assess live cells 
and propidium iodide (red) to assess dead cells. 
Fluorescent images were acquired using a Zeiss Axiovert 
200 beginning at the center of the lesion (left of image) to 

the periphery of the lesion (right of image). In both 
androgen-insensitive PC-3 and androgen-sensitive 
LNCap, a double freeze cycle increases the percentage of 
cell death by 27 % and 28 %, respectively. Adapted with 
permission from Klossner DP, Robilotto AT, Clarke DM, 
VanBuskirk RG, Baust JM, Gage AA, Baust 
JG. Cryosurgical technique: Assessment of the funda-
mental variables using human prostate cancer model sys-
tems. Cryobiology. 2007;(55): 189–199
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 Thermophysical Adjuvants

The addition of agents that affect the structure of 
ice with the intent of enhancing lethality consti-
tutes the breadth of thermophysical adjuvants 
[53, 54]. These agents include antifreeze pro-
teins, salts, and amino acids that when delivered 
in sufficient doses have elevated the injury 
threshold to −15 °C in vitro [41, 55–57].

 Chemotherapeutics

There are many chemotherapy drugs used clini-
cally that can be grouped by their mechanism of 
action. Alkylating agents cause damage to DNA; 
antimetabolites inhibit proper DNA/RNA syn-
thesis by disrupting nucleotides; and mitotic 
inhibitors interfere with microtubules or spindle 
formation to prohibit cell division. Corticosteroids 

Fig. 29.3 Androgen responsiveness impacts cellular 
response to freezing. Prostate cancer cell lines (a) PC-3 
(AI) and LNCaP (AS) or (b) LNCaP HP (AI) and PC-3 
AR (AS) were seeded in costar strip well plates at 18,000 
cells per well 2 days prior to experimentation. 2D mono-
layers were cooled to nadir temperatures of −20 °C, 
−25 °C, or −40 °C for 3 min and held for an additional 
12 min prior to thawing and recovery incubation. Samples 
were assessed for post-freeze viability with the metabolic 
indicator assay alamarBlue every other day for 9 days. 

Results show that androgen-insensitive PC-3 cells and 
high passage (HP) LNCaP cells both recover after freez-
ing excursions as low as −40 °C. However, androgen- 
sensitive cell lines LNCaP and PC-3 AR (PC-3 stably 
transfected with the androgen receptor) both yield com-
plete ablation at temperatures below −20 °C. Adapted 
from Klossner DP, Baust JM, VanBuskirk RG, Gage AA, 
Baust JG. Cryoablative response of prostate cancer cells is 
influenced by androgen receptor expression. BJU Int. 
2008;101(10):1310–6
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are often given in conjunction with one or more 
chemo drugs to prevent adverse reactions and 
improve outcomes. Advances have been made in 
the dosing and selection of drugs best suited to 
various cancer types. However, one-size-fits-all 
cancer therapies have proven limited, and patients 
in advanced stages of cancer fail to respond to 
treatment except for modest survival benefits.

The systemic application of chemotherapy 
causes collateral damage to healthy cells in addi-
tion to the destruction of cancerous targets. Due 
to their high metabolic rate, cells of the bone 
marrow, hair follicles, mouth, digestive tract, and 
reproductive system are the most likely to be 
affected by chemotherapy [58]. Side effects vary 
but can often be severe. A major culprit is the 
standard approach to administering treatment 
with the maximum tolerated doses of cytotoxic 

cocktails, which leads to a compromised immune 
system and a poor quality of life. Additionally, 
clinical trials do not account for patients’ differ-
ent responses with the same cancer type 
(anatomical).

The challenge, then, is to determine which 
therapy or combination of therapies is/are the 
right therapy and optimal for every patient. Now 
that we have an initial understanding of the cell 
death pathways that initiate following a freeze- 
thaw excursion, a logical design for a secondary 
cell stressor use can be developed with the goal 
of making ice lethal at or near 0 °C thereby yield-
ing complete cancer destruction as visualized by 
real-time ultrasound [59, 60].

Peplomycin and Adriamycin in combination 
with freezing were first reported in 1985 in a 
murine tumor model [61]. It was hypothesized 

Fig. 29.4 Differential apoptotic protein levels for pros-
tate cancer cells frozen to −15 °C and −30 °C. Cell cul-
tures (PC3 cells) were frozen to nadir temperatures of 
−15 °C or −30 °C for 15 min in a refrigerated circulating 
bath. Total protein was extracted at 0.5, 1.5, 3, 6, and 24 h 
post-thaw and western blots performed with 30 μ(mu)g 
protein. Blots were assessed for the presence of β(beta)-
tubulin (loading control, not shown), caspase-9, and cas-
pase- 8. Caspase-9 is associated with the intrinsic, or 
mitochondrial-mediated, apoptotic pathway, and its acti-
vation was found to occur by 3 h post-thaw for cells fro-
zen to −15 °C and by 1.5 h post-thaw for cells frozen to 
−30 °C. Caspase-8 is associated with the extrinsic, or 

membrane-mediated, apoptotic pathway, and its activa-
tion was not observed following freezing to −15 °C, but 
for cells frozen to −30 °C, caspase-8 activation occurred 
by 0.5 h post-thaw. These data indicate that the mitochon-
drial and membrane-mediated apoptotic pathways are dif-
ferentially activated following freezing based on the 
severity of the freeze insult. Adapted from Robilotto AT, 
Baust JM, Van Buskirk RG, Gage AA, Baust JG. 
Temperature-dependent activation of differential apop-
totic pathways during cryoablation in a human prostate 
cancer model. Prostate Cancer Prostatic Dis. 2013;16(1): 
41–49 [52]
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that freeze concentration of the anticancer 
drugs occurred, which resulted in increased cell 
death post-thaw. Following the identification of 
apoptosis as a significant mode of cell death in 
the periphery of the freeze zone [62], the con-
cept of apoptotic enhancement emerged [28, 
39]. When combined with cryosurgery, these 
agents (i.e., 5-fluorouracil, cisplatin, Taxotere, 
doxorubicin, mitomycin, bleomycin, vinorel-
bine, Navelbine, and TRAIL) function to 
directly activate apoptotic pathways at elevated 
subfreezing temperatures but not by freeze con-
centration [31, 33, 34, 37, 38, 63, 64]. Similar 
results have been reported with radiation/cryo 
combination [65, 66].

TNF-α(alpha), a pro-inflammatory cytokine, in 
combination with cryosurgery has been shown to 
destroy tumors up to the freeze zone edge (−0.5 °C) 
[27, 30, 67]. The mechanism(s) by which pro-
inflammatory cytokines act in combination with 
freezing in vivo is uncertain as they have direct 
actions on the cancer cell, the tumor vasculature, 
and the immune response [44, 68–73].

 Nutraceuticals

Unfortunately, the use of many cytotoxic agents 
as cryosensitizers results in problematic comor-
bidities common to chemotherapy alone. 
Successful cryosensitization strategies now focus 
on the use of nutraceuticals (natural anticancer 
agents) such as vitamin D3 (VD3). Prostate cancer 
sensitivity to freezing injury has been shown to 
increase with the application of calcitriol, the 
active metabolite of VD3 [46, 74, 75]. 
Experimentally, exposure of prostate cancer to 
VD3 prior to freezing results in complete cancer 
destruction at temperatures of ~−5° to −10 °C 
independent of the prostate cancer’s androgen 
sensitivity status (Fig. 29.5). Given that a large 
number of cancer cell types retain the vitamin D3 
receptor (VDR), various in vitro studies have 
shown the promise of vitamin D3 and analogues in 
the treatment of lung [76], prostate [46, 74, 75], 
colon [77, 78]), breast [79–81], and pancreatic 
[82] cancers. Many of the antiproliferative effects 
of calcitriol stem from its effects on cell cycle 

regulatory proteins. The upregulation of cyclin-
dependent kinase (CDK) inhibitors p21 and p27 
and upregulation of insulin-like growth factor-
binding protein (IGFBP-3) lead to cell cycle arrest 
[83]. In MCF-7 breast cancer cells, calcitriol 
induces apoptosis through Bax translocation and 
subsequent mitochondrial-mediated caspase acti-
vation [84]. Calcitriol has been shown to decrease 
inflammation in several cancers through inhibi-
tion of prostaglandin synthesis [85], inhibition of 
nuclear factor-κ(kappa)B (NF-κ[kappa]B) signal-
ing [86, 87], and inhibition of pro-inflammatory 
cytokine production [88].

When applied clinically, the dosage of cal-
citriol necessary to achieve a similar level of cell 
death to in vitro studies has proved problematic. 
High doses of calcitriol often lead to hypercalce-
mia, though it has been observed that this can be 
reduced when doses are given on a weekly basis 
rather than daily [89]. Calcitriol analogues have 
been developed that aim to minimize calcemic 
effects while maintaining antiproliferative 
actions, although reports have suggested that cal-
citriol and its analogues have little benefit unless 
combined with a second treatment modality [90]. 
Elevation of the vitamin D3 titer as a mechanism 
of cancer prevention has been an area of interest 
explored in recent clinical trials [91, 92], results 
of which should be available within the next year.

Another nutraceutical-based study involves 
the use of the potent free radical scavenger resve-
ratrol, which showed that pretreatment of renal 
and prostate cancer cells yields freeze sensitiza-
tion with complete cell death following exposure 
to temperatures below −10 °C [93]. In addition, 
several other studies have shown promise in 
increasing cancer cell sensitivity to freezing. 
These include (1) targeted activation of cell death 
pathways and inhibition of survival pathways 
[94], (2) the destructive effects of targeting cell 
attachment pathways (integrin inhibition) [95], 
(3) protein kinase B (AKT) pathway cell survival 
[96], (4) mitochondrial stress enhancement [32, 
42, 97], (5) endoplasmic reticulum stress [98], 
(6) autophagy (or autophagocytosis), etc. These 
agents are designed to increase the lethality of 
mild freezing while having little or no negative 
side effects. This is especially true in prostate 
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cancer cryoablation where avoidance of damage 
to adjacent structures (i.e., neurovascular bundles 
and rectal wall) is necessary to prevent postsurgi-

cal complications. Further, several studies have 
focused on tissue protective strategies while 
enhancing ablative outcome [99–101].

Fig. 29.5 Assessment of freeze-thaw cycling and VD3 
treatment on androgen-sensitive and androgen-insensitive 
prostate cancer sensitivity to cryoablation. Tissue- 
engineered matrices containing untreated or VD3-treated 
androgen-sensitive (PC-3 AR) and androgen-insensitive 
(PC-3) prostate cancer cells were subjected to 10-min 
freeze cycles applied in a single freezing cycle (a and b) 
or a double freezing cycle (c and d) followed by return to 
37 °C. Twenty-four hours post-thaw matrices were probed 

with calcein AM (green, live cells) and propidium iodide 
(red, dead cells). A 50× panoramic series of fluorescent 
micrographs was taken extending from the center near the 
cryoprobe tip (left of images) to the periphery of the ice 
sphere (right of image). Compared to freeze alone, VD3 
treatment prior to freezing resulted in enhanced cell death 
following either a single of double freeze event in both the 
AS and AI populations
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 Conclusion

Cryoablation has been shown to provide long- 
term effectiveness in the treatment of prostatic 
and renal cancers with minimal morbidity [102–
104]. As with any therapy, precision becomes 
essential to reduce damage to adjacent, nontar-
geted tissues. In today’s clinical practice, the 
lethal temperature provides a complete ablative 
dose provided the <−40 °C isotherm is extended 
further into the tumor mass by a repetitive freeze- 
thaw cycle. To provide this dose, freezing is nec-
essarily extended, an over-freeze, up to 1 cm 
beyond the tumor margin, or in the case of whole 
gland targeting, beyond the capsule margin. 
Numerous in vitro studies have demonstrated that 
tissue freeze sensitization can be accomplished 
through biophysical or molecular biological per-
turbations. While the presence of ice within the 
targeted tissue has been considered to be the 
mechanism by which tumor ablation is accom-
plished, it is now recognized that ice per se is 
lethal primarily at the intracellular level and less 
so when it is restricted to the extracellular envi-
ronment within the tumor margin. It is this zone 
with nominal temperatures of −20 °C to 0 °C that 
is characterized by potential cell survival and is 
subject to adjuvant intervention by biophysical 
and/or molecular biological mechanisms. We 
describe a number, not all, of combinatorial strat-
egies that offer promise to enhance the lethality 
of all cells within the tumor microenvironment.
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 Introduction

 Active Surveillance for Prostate 
Cancer

Prostate cancer (PCa) is the most common non- 
skin malignancy in the USA and Canada [1], with 
approximately a 1-in-7 lifetime risk of diagnosis. 
Despite this, less than 3 % are estimated to die 
from prostate cancer [2]. With widespread 
prostate- specific antigen (PSA) testing, organ- 
confined, low-risk prostate cancer diagnosis is 
highly prevalent. Large population studies and 
clinical trials have emerged that highlight the 
indolent nature of low-risk prostate cancer and 
the high morbidity of radical prostatectomy and 
prostate radiation therapy [3–6]. As such, active 
surveillance (AS) has emerged as an alternative 
approach to definitive radiation or surgery in low- 
risk localized prostate cancer for select men [7].

In active surveillance protocols, patients are 
closely monitored with digital rectal examina-
tions (DREs), PSA tests, repeat prostate biopsies, 
and other ancillary tests and offered definitive 
treatment should pathologic or clinical progres-
sion occur. The safe application of active surveil-
lance relies on several assumptions [8]. First, 
indolent prostate cancer must have identifiable 
clinical and pathologic parameters that distin-
guish it from cancer with metastatic potential. 
Second, for those patients on active surveillance 
who are reclassified into a higher-risk category, 
implementing definitive treatment should not 
significantly decrease the chance of cure when 
compared to up-front therapy. Finally, detriment 
to health-related quality of life from the anxiety 
of living with prostate cancer and repeated blood 
tests and biopsies on active surveillance should 
be better than following surgery or radiation. 
Without 15-year follow-up, these assumptions 
are difficult to confirm, but several long-duration 
series exhibit impressive metastasis-free survival 
and quality of life for patients on active surveil-
lance [7].

Accordingly, the National Comprehensive 
Cancer Network and the American Society of 
Clinical Oncology in the USA, the Canadian 
Urology Association in Canada, and the National 
Institute for Health and Clinical Excellence in the 
UK all suggest active surveillance as the first-line 
approach for men with low-risk prostate cancer 
[9–12]. For over a decade, this has translated to 
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clinical practice evidenced by the fact that the 
proportion of patients with low-risk disease man-
aged conservatively has increased from about 
10 % in 2000 to 35 % in 2010 [13, 14].

 5-Alpha-Reductase Inhibitors 
in Prostate Cancer

5-Alpha-reductase inhibitors (5-ARIs) block the 
enzyme responsible for generating dihydrotes-
tosterone (DHT) from testosterone. DHT influ-
ences both benign and malignant prostate growth, 
and two medications (finasteride and dutasteride) 
are approved for medical management of benign 
prostatic hypertrophy. Dutasteride blocks both 
isoforms of 5-alpha reductase (types 1 and 2), 
while finasteride blocks solely type 1. It is 
hypothesized that by decreasing DHT in the pros-
tate and altering the intraprostatic milieu, 5-ARIs 
may impair prostate tumor growth and progres-
sion. 5-ARIs have clearly been linked to reduc-
tion of serum DHT by at least 90 %. Prostate 
volume in the peripheral zone and transition zone 
can be reduced by approximately 25 %, and 
tumors can shrink as well [15, 16]. In fact, there 
have been two large randomized controlled trials 
(RCTs) investigating 5-ARIs for primary prostate 
cancer prevention in various at-risk populations 
demonstrating a 25 % relative risk reduction of 
PCa diagnosis compared to placebo [17, 18]. 
With this in mind, several investigators studied 
whether or not 5-ARIs could be used for patients 
already diagnosed with localized prostate cancer 
as a secondary prevention strategy. For example, 
could 5-ARIs limit men’s pathologic progression 
and/or receipt of definitive treatment once already 
diagnosed with low-risk PCa?

In this chapter we review the clinical evidence 
for using 5-ARIs as secondary prevention for 
men with very low-, low-, and intermediate-risk 
PCa on active surveillance. Data from several 
observational studies and one high-quality ran-
domized controlled trial will be presented. The 
data is relevant to focal therapy because in many 
cases, ablation is used to eradicate clinically sig-
nificant prostate tumors while leaving indolent 
ones untouched [19]. In these scenarios, men are 

effectively converted into active surveillance 
patients and closely monitored as they otherwise 
would be in an AS cohort. Should patients be pre-
scribed 5-ARIs post-focal ablation to prevent dis-
ease progression? Devoid of evidence for 
secondary prevention of PCa with 5-ARIs in the 
post-ablation setting, we rely on data from the 
non-focal literature.

 Observational Studies

With PCa and benign prostatic hyperplasia (BPH) 
commonly coexisting, many men with PCa were 
taking 5-ARIs to control their voiding problems. 
This provided an excellent opportunity to evalu-
ate association between 5-ARI use and PCa pro-
gression in patients on active surveillance in 
observational studies before randomized trials 
more formally addressed the question. To date, 
several series have been published and three will 
be explored in this chapter.

The first publication on secondary prevention 
using 5-ARIs in PCa described the outcomes of a 
cohort of 288 patients with very-low-risk prostate 
cancer on active surveillance, at Princess 
Margaret Hospital at the University of Toronto, 
who had no prior 5-ARI use [20]. Seventy 
patients in the group (24.3 %) had started using 
either finasteride or dutasteride during the study 
period from 1995 to 2010. The case and control 
groups were well matched at baseline except that 
the patients using 5-ARIs had slightly larger 
prostates (61 vs 41 cc) and higher PSA (5.4 vs 
4.8). Median follow-up for the cohort was 
38.5 months. Pathologic progression was defined 
by findings on repeat biopsy: increase overall 
Gleason grade to ≥7, ≥3 positive cores, or any 
core involvement >50 %. The main secondary 
endpoint was progression to active treatment 
with either surgery, radiation, or androgen depra-
vation. Overall, 33.3 % of patients in the group 
went on to active treatment at a median time of 
32.3 months from initiation of active 
surveillance.

Pathologic progression was less frequent for 
patients using 5-ARIs (13/70 [18 %] vs 80/218 
[36.7 %], p = 0.004). On Kaplan-Meier survival 
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analysis, median time to pathologic progression 
was 6 months longer for patients taking finaste-
ride or dutasteride (41.3 months vs 35.1 months, 
p = 0.013). Patients who were not using a 5-ARI 
accumulated an almost double risk of undergoing 
active treatment during the study period with a 
shorter median time to active treatment 
(31.5 months vs 42.5 months, p = 0.026). The 
authors explored various predictors of time to 
pathologic progression on cox proportional haz-
ards modeling. When taking into account 5-ARI 
use, age, PSA, maximum percent core involve-
ment, and prostate volume, 5-ARI use was the 
most powerful predictor. Patients who did not use 
finasteride or dutasteride during the study period 
had a 2.9 increased hazard of pathologic progres-
sion. Age (HR 1.04) and PSA (HR 1.14) were 
also both independent predictors of pathologic 
progression in the model. In an attempt to bal-
ance the baseline characteristics of the groups 
slightly better, a sensitivity analysis limiting 
patients in the non-5-ARI group to prostate size 
≥40 was performed, and no 5-ARI use continued 
to be strongly predictive of pathologic progres-
sion (HR 2.85, 95 % CI 1.5–5.4, p = 0.001).

Reasons for abandoning active surveillance 
and pursuing treatment were similar between the 
two groups. Approximately 50 % of men cited 
Gleason score upgrading as the reason for leav-
ing surveillance. Rising PSA, higher number of 
positive cores, greater volume of disease, wors-
ening voiding symptoms, and anxiety were other 
reasons that patients exited surveillance. Thus, 
men in both groups went on to active treatment 
for similar reasons, but fewer did so in the 5-ARI 
group.

This study provided a glimpse of the effect 
that 5-ARIs have in men on active surveillance 
for PCa. However, some contradictory data was 
also contemporarily published. Ross et al. pre-
sented the experience from Johns Hopkins 
Medicinal Institutions in Baltimore, Maryland, 
USA [21]. In their series of 587 men with very 
low-risk PCa on active surveillance without prior 
5-ARI use, 5-ARIs were initiated by 47 men (all 
for BPH symptoms). They assessed 5-ARI use as 
a time-dependent variable and were able to 
explore pathologic progression depending if 

5-ARI had been initiated at the time of re-biopsy 
(that led to progression).

Most men in their cohort initiated 5-ARIs at a 
median of 1.2 years after starting active surveil-
lance for PCa, and the median duration of expo-
sure of 5-ARIs was 2.4 years. All patients who 
started 5-ARIs remained on them for the duration 
of the study. For men using 5-ARIs, subsequent 
biopsy reclassified them as greater than very low 
risk less often as men not using 5-ARIs (17 % vs 
31 %, p = 0.04). However, when taking into 
account age, PSA, PSA kinetics, volume of dis-
ease, and other predictors, 5-ARI use was associ-
ated with a nonstatistically significant 45 % 
increased hazard of disease reclassification 
(HR = 0.55, 95 % CI 0.23–1.28, p = 0.16). Based 
on these data, the authors concluded that treat-
ment with 5-ARIs did not alter PCa progression 
for patients on active surveillance.

Although certain thought leaders in PCa felt 
that the time-dependent analysis provided strong 
evidence that 5-ARIs did not reduce progression 
[22], there were investigators who felt that the 
study from Johns Hopkins lacked statistical power 
to demonstrate an effect, evidenced by the fact that 
there were only eight tumors that demonstrated 
pathologic progression in their cohort [23]. Indeed, 
a reanalysis of the initial Princess Margaret cohort 
using time-dependent 5-ARI use persistently dem-
onstrated protection with 5-ARIs [23].

Regardless of one’s interpretation on the obser-
vational studies, the main limitation of these pub-
lications was inherent in their retrospective 
design. Despite a strong proposed biologic link 
between 5-ARIs, suppression of DHT, and regres-
sion of prostate cancer, causation cannot be ascer-
tained without a prospective randomized trial.

 Randomized Controlled Trials

The safety and efficacy of dutasteride for pre-
venting prostate cancer progression in men aged 
48–82 with low-risk prostate cancer was tested in 
a North American-wide randomized controlled 
trial [24]. Men were eligible for the Reduction by 
Dutasteride of Clinical Progression Events in 
Expectant Management (REDEEM) trial if they 
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had a clinical diagnosis within a year of screen-
ing. Only patients followed on active surveillance 
for low-risk disease with Gleason score ≤6 (no 
pattern 4), serum PSA ≤10, and life expectancy 
>5 years were included. All study entry biopsies 
were centrally reviewed by an expert genitouri-
nary (GU) pathologist.

Between July 2006 and March 2007, 302 par-
ticipants were accrued from 65 North American 
hospitals and clinics and treated with either 
0.5 mg of dutasteride or matching placebo for 
3 years. Patients, physicians, and study personnel 
were blinded to treatment allocation; however, 
PSA values were not adjusted to reflect the 
expected drop for patients treated with 
5-ARI. Patients were monitored as per typical 
active surveillance protocol with visits every 
3 months for the first year and every 6 months 
thereafter. Digital rectal exams were performed 
at baseline, 18 months, and study completion at 
3 years. It was required of all participants to 
undergo repeat standard 12-core transrectal ultra-
sound (TRUS)-guided prostate biopsy at 18 and 
36 months. A central pathologist blinded to the 
treatment group was responsible for reading and 
reporting the biopsies. Health-related quality-of- 
life outcomes were also measured. Memorial 
anxiety scale for prostate cancer (MAX-PC) was 
used to evaluate anxiety related to prostate cancer 
diagnosis and treatment.

The primary endpoint, prostate cancer pro-
gression, was a composite measure of disease 
progression that combined pathological progres-
sion (one of >3 cores positive on biopsy, ≥50 % 
PCa on any core or any Gleason pattern 4) and 
therapeutic progression (the institution of prosta-
tectomy, radiation, or androgen deprivation). 
Several secondary endpoints were also explored 
including time to pathologic progression only 
and adverse event rate. Intention-to-treat analysis 
was carried out.

Treatment and control groups were well bal-
anced at the baseline. Median age was approxi-
mately 65 years, body mass index (BMI) 28 kg/
m2, prostate volume 44 ml, PSA 5.7, and percent 
positive cancer cores 10 %. Patients were pre-
dominantly white (90 %) without a family history 

of prostate cancer (80 %). More men in the pla-
cebo group did not undergo on-trial biopsy 
(19/155 vs 7/147) suggesting lost to follow-up or 
study dropout.

Dutasteride significantly delayed composite 
prostate cancer progression compared to placebo 
over 3 years (HR 0.62, 95 % CI 0.43–0.89; 
p = 0.009) in time-to-event analysis. Overall, 
10 % fewer cases of disease progression occurred 
in the treatment arm (38 % vs 48 %). When 
examining pathologic progression and therapeu-
tic progression separately, there was a lower rate 
of pathologic progression for men on dutasteride, 
but the effect was not statistically significant (HR 
0.7, 95 % CI 0.45–1.08). Prostate anxiety assess-
ment demonstrated that anxiety for patients 
receiving dutasteride did not fluctuate during the 
trial but that patients receiving placebo decreased. 
This decrease was primarily driven by the “fear 
of recurrence” subscale.

There were no statistically significant differ-
ences between the incidence of adverse events, 
serious adverse event, and adverse events leading 
to study withdrawal between groups, although 
several nonstatistically significant events were 
seen. Breast tenderness or enlargement occurred 
in 13 patients on dutasteride versus six on pla-
cebo. Impotence was 9 % in both groups, and 
decreased libido was similar (7 % vs 4 %), but 
ejaculatory disorders were more common in the 
intervention arm (5 % vs 1 %). There were no 
differences in cardiovascular toxicity.

Interestingly, there was suggestion of tumor 
regression in the 5-ARI group. In final biopsy 
assessment, 50/140 (36 %) patients in the treat-
ment arm had no cancer detected on biopsy ver-
sus 31/136 (23 %) in the placebo arm. However, 
the degree of upstaging was comparable between 
the groups. Two patients in the treatment group 
and three in the control group were upstaged to 
Gleason score 8. There were no cases of Gleason 
9 or 10 in this study. The study authors suggest 
that the benefit of dutasteride is to reduce the 
amount of low-grade PCa (i.e., not reduce the 
likelihood of being diagnosed with a high-grade 
tumor) and thus reduce the overall number of 
interventions for patients on active surveillance. 
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This ultimately drops morbidity for a potential 
large cohort of patients with prostate cancer.

Although this was the first study to demon-
strate secondary prevention in a randomized trial 
for men with low-risk prostate cancer on active 
surveillance, it was criticized for not being pow-
ered to detect a difference in pathologic progres-
sion alone and for its brief duration of follow-up. 
Thus, clinicians need to balance the benefits of 
preventing prostate cancer progression and 
reducing anxiety surrounding progression with 
the cost and side-effect profile of dutasteride.

A sub-analysis of the REDEEM study evalu-
ating predictors of pathological progression was 
published by the study group [25]. Here the 
authors examined baseline variables and their 
ability to predict time to pathologic progression, 
defined by one of three findings on repeat biopsy 
during the 3-year study period (four or more 
cores positive, 50 % or greater of any core posi-
tive, or Gleason score 7 or greater). Age, ethnic-
ity, prostate volume, PSA, PSA density, PSA 
velocity, number positive cores, International 
Prostate Symptom Score (IPSS), family history 
of prostate cancer, serum DHT, and serum testos-
terone were all evaluated as potential predictors 
of pathological progression.

For the entire cohort, 94 of 276 patients had 
pathologic progression. In more than half the 
cases of the 94 patients who progressed in both 
the control and placebo arms, pathologic pro-
gression was driven by volume progression 
alone (59 % in dutasteride and 56 % in the con-
trol arm). Pathologic progression was diagnosed 
in scheduled (18 and 36 month) biopsy for all 
patients receiving 5-ARI. In the placebo group, 
six patients were found to progress pathologi-
cally on unscheduled biopsies within the first 
18 months and one further patient on an 
unscheduled biopsy after 18 months. 
Interestingly, only older age (HR 1.05, 95 % CI 
1.01–1.08, p = 0.009) and higher baseline PSA 
density (HR 1.06, 95 % CI 1.04–1.09, p < 0.001) 
were associated with a statistically significant 
independent increased risk of pathological pro-
gression. PSA velocity did not predict for patho-
logical progression.

 Ongoing Trials in 5-Alpha- 
Reductase Inhibitors and Active 
Surveillance

With the advent and brisk uptake of multipara-
metric magnetic resonance imaging (mpMRI) in 
prostate cancer diagnosis and treatment, there is 
interest in exploring the changes to prostate 
tumors on mpMRI for patients using 5-ARIs in 
AS [26]. The MRI for Primary Prostate Cancer 
after Exposure to Dutasteride (MAPPED) study 
was designed by investigators at University 
College London in collaboration with physicians 
in the GlaxoSmithKline research and develop-
ment group. In this double-blind, placebo- 
controlled randomized trial, patients will be 
offered daily dutasteride (0.5 mg) versus placebo 
and routine mpMRIs to assess relative tumor vol-
ume change on imaging. The changes in tumor 
characteristics using non-T2-weighted sequences 
will also be explored as secondary outcomes. 
Patients are also offered a cognitive fusion biopsy 
at the conclusion of the 6-month trial. The final 
analysis has not yet been reported, but if it dem-
onstrates tumor shrinkage for patients taking 
active drug versus placebo, it would further sup-
port the biologic plausibility for using 5-ARIs in 
secondary prostate cancer prevention.

 Guideline Suggestions for 5-Alpha- 
Reductase Inhibitor Use in Active 
Surveillance

There have been several published guidelines on 
active surveillance released since the publication 
of the aforementioned observational studies and 
randomized controlled trial on 5-ARI use for sec-
ondary prevention of prostate cancer progression 
on active surveillance. The American Society of 
Clinical Oncology (ASCO) and Cancer Care 
Ontario (CCO) published a combined guideline 
on AS [11]. (CCO’s stance closely reflected a con-
temporary guideline from the Canadian Urological 
Association [10].) Interestingly, for the question, 
“In patients with localized prostate cancer under-
going AS, how does supplementation with 5-ARIs 
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compare with no  supplementation?” ASCO did 
not endorse its use. It was, however, the opinion 
of the CCO panel that the benefits of 5-ARI use 
outweigh the risks and can be used as long as 
patients are counseled appropriately about the 
risks and benefits. Other guidelines on localized 
prostate cancer were released prior to the publica-
tion of REDEEM and will not be highlighted 
here.

 Selectively Using 5-Alpha- 
Reductase Inhibitors for Secondary 
Prevention in Men with Larger 
Prostates

As previously outlined, there is data from obser-
vational studies and one well-designed RCT that 
5-ARIs can prevent progression for men on active 
surveillance for prostate cancer. However, using 
5-ARIs for men with prostate cancer is inherently 
controversial partly due to the risk of high-grade 
prostate cancer that was observed for 5-ARI ver-
sus placebo in the primary prevention trials [17, 
18]. As mentioned earlier, this effect was not 
demonstrated when 5-ARIs were used for sec-
ondary prevention. Additionally, it is well estab-
lished that 5-ARIs improved symptomatic BPH 
and BPH progression in men with larger pros-
tates [27, 28]. Thus, one approach to personalize 
the use of 5-ARIs in secondary prevention is to 
reserve its use for men on active surveillance 
with concomitant lower urinary tract symptoms 
and BPH as an indication.

 Conclusion

Although borrowed from BPH and primary PCa 
prevention literature, the biologic plausibility for 
using 5-ARIs in secondary prevention for AS 
patients is convincing. Furthermore, data from 
observational trials and the one randomized con-
trolled trial addressing this question demonstrates 
decreased progression for men using 5-ARIs. 
There may be controversy over whether the 
improvement seen for the clinical progression 
outcome used in the REDEEM study offers suf-

ficient evidence to use 5-ARIs for this popula-
tion. However, all studies confirm that 5-ARIs 
are safe and carry minimal toxicity for patients. 
We believe that the relative benefits and harms of 
this strategy should be highlighted to patients so 
that a shared decision can be appropriately made. 
5-ARIs should particularly be considered in men 
with concomitant, symptomatic BPH and large 
prostates, where cancer and BPH progression and 
symptomatic improvement can be targeted with a 
single medication.
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 Introduction

Over the past decade, partial gland ablation or focal 
therapy for localized prostate cancer has emerged as 
a novel treatment balancing the improved quality of 
life associated with active surveillance and onco-
logic efficacy attributed to whole-gland treatments, 
including radical prostatectomy (RP) and external 
beam radiation therapy (EBRT). Focal therapy is 
based on identification and ablation of an “index 
lesion” while preserving the normal prostate paren-
chyma and maintaining baseline erectile and uri-
nary function outcomes compared to whole-gland 
treatments. The index lesion is defined as the domi-
nant cancer focus that determines the risk of malig-
nancy and metastases [1, 2]. The wide adoption of 
prostate cancer screening using serum prostate-spe-
cific antigen (PSA) has led to a downward stage 
migration, and the majority of men diagnosed with 
prostate cancer harbor localized disease [3, 4]. As 
the population of men diagnosed with localized 
prostate cancer increases and the indications for 
focal therapy expand, more men are likely to seek 
these treatments in the future. In the absence of 
long-term studies with longitudinal data reporting 
functional outcomes, managing patients’ expecta-

tions will be key for urologic oncologists who treat 
prostate cancer.

The decision of treatments for most diseases 
has historically centered on measuring outcomes 
associated with the elimination of the disease (e.g., 
oncologic outcomes, survival), while the effect of 
the disease and the subsequent treatment on the 
patient’s quality of life were poorly understood. 
During the past two decades, several instruments 
have been developed to quantify patient’s quality 
of life, and evidence suggests that systematic use 
of information from patient- reported outcome 
measures (PROMs) can aid in improving physi-
cian-patient communication and decision-making 
[5, 6]. However, several obstacles have restricted 
the routine use of PROMs in actual clinical prac-
tice. In this chapter, we emphasize the need for 
routine PROMs in focal therapy for treatment of 
prostate cancer, evaluate the current standard of 
care in PROM strategies, and suggest recommen-
dations for future implementation in routine clini-
cal practice to manage patients’ expectations to 
improve decision-making.

 Measuring Patient-Reported 
Outcomes in Focal Therapy 
for Prostate Cancer

Patient-reported outcome measures have 
emerged as a vital component of clinical care, 
and new instruments are being developed for 

mailto:EhdaieB@mskcc.org


410

various diseases and treatments [6]. Conventional 
management strategies are focused on measur-
ing the radiographic or biochemical impact of 
the disease and treatment. PROMs are informa-
tive to traditional assessments of patients by 
physicians and have been shown to improve 
patient decision- making by providing individu-
alized comparative data on various treatment 
options. According to the US Food and Drug 
Administration (FDA), “PROM is any report of 
the status of a patient’s health condition that 
comes directly from the patient, without inter-
pretation of the patient’s response by a clinician 
or anyone else” [7]. A well-designed PROM 
questionnaire can address physical functions, 
symptoms, global judgments of health, psycho-
logical well-being, social well- being, cognitive 
functioning, role activities, personal constructs, 
satisfaction with care, health-related quality of 
life (HRQOL), adherence to medical regimens, 
and clinical trial outcomes.

The emergence of PROMs is notable in oncol-
ogy and has been shown to provide accurate data 
on complications and adverse events for various 
treatments, and PROMs have been effectively 
incorporated into clinical trials for comparative 
effectiveness analyses [5, 8].

In addition to providing individualized data 
for comparative studies, PROMs have emerged 
as important tools in health policy. In the United 
States, there is a transition from the traditional 
fee-for-service to a value-based health model. 
Value-based healthcare can potentially be a uni-
fying force aligning the patients, providers, and 
payers toward improved outcomes and cost con-
trol [9]. This model emphasizes bundled reim-
bursement covering the entire care cycle, and the 
providers are made accountable and rewarded for 
delivering better patient health outcomes. An 
essential tool for establishing a value-based 
healthcare system is to provide standardized out-
come measures for the evaluation and compari-
son. A PROM can be a potential tool in this 
scenario mainly to address the outcomes, and this 
can be applied across different medical disci-
plines and can be customized according to spe-
cific diseases and treatments [10].

Overall, the essence of PROMs is to improve 
patient decision-making and provide physicians 
with better assessment tools to monitor treatment 
efficacy. In many diseases, patients are con-
fronted with many options for management, and 
the only comparative data available is traditional 
outcome measures (e.g., survival or complication 
data collected by physicians). In most situations, 
the various treatments have similar survival or 
commonly assessed adverse events. Therefore, 
patients are asked to choose a treatment option 
without access to outcomes reported by similar 
patients and uncommon adverse events associ-
ated with a specific treatment. The management 
of localized prostate cancer is largely preference 
based, and comparative effectiveness studies 
have yet to demonstrate an advantage to a single 
treatment modality, highlighting the complexities 
of treatment decision-making for patients. 
Furthermore, studies have found biases or heuris-
tics at work in patients’ decision-making [11, 
12]. In the case of prostate cancer, instruments to 
assess patient-reported outcomes were developed 
and validated for radical prostatectomy and radi-
ation therapy [13, 14]. A key aspect to these tools 
was that they expanded the adverse outcomes ini-
tially reported by physicians, including erectile 
and urinary function, and added, for example, 
bowel-related dysfunction associated with radia-
tion therapy. The incorporation of PROMs 
in localized prostate cancer set the stage for com-
parative effectiveness research for whole-gland 
treatments and added to the data available to help 
patients make decisions beyond only survival or 
cancer recurrence [15, 16].

The landscape of management options avail-
able for localized prostate is being constantly 
reviewed and novel treatments are developed. 
Our understanding of the biology of the cancer is 
continuously evolving, which opens opportuni-
ties for innovative technologies. Focal therapy 
has emerged as the newest treatment option for 
men with localized prostate cancer. Notably, the 
tissue ablation strategies developed to achieve 
focal therapy include a variety of thermal and 
nonthermal energy sources: cryotherapy, high- 
intensity focused ultrasound (HIFU), irreversible 
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electroporation, and photodynamic therapy [17]. 
Research efforts are still underway to improve 
patient selection and develop better techniques to 
identify the cancer within the prostate cancer. 
Despite the development of various energy 
sources and focal therapy techniques and adop-
tion of focal therapy as a viable option for select 
men with prostate cancer, patient-centered out-
comes are inconsistently collected and reported. 
The paucity of data limits comparative studies 
evaluating energy sources and techniques and 
providing patients with data to help select 
between focal therapy and standard whole-gland 
treatment options. The development and valida-
tion of standard PROM instruments will foster 
more robust comparative studies and enhance 
physician-patient counseling with individualized 
data to improve patient decision-making in local-
ized prostate cancer treatment.

Focal therapy will likely have a major impact 
in the management of localized prostate cancer, 
and the effective implementation of uniform, 
validated PROM instruments in clinical practice 
will inform physician-patient counseling and 
improve patient decision-making. The potential 
uses of PROMs in focal therapy for localized 
prostate cancer are listed in Table 31.1.

 PROM Reporting in Prostate Cancer 
Focal Therapy Studies

A key advantage of focal therapy for prostate 
cancer, discussed by its early adopters, is the 
lower rate of adverse events and improved 
quality- of-life outcomes compared to whole- 

gland treatment. However, a paucity of comparative 
data exists to support the quality-of-life advan-
tages associated with focal therapy. A key step to 
building evidence to support focal therapy is 
designing a minimal set of patient-centered out-
comes and developing a framework to standard-
ize reporting of quality-of-life outcomes specific 
to focal therapy.

A systematic review of studies evaluating 
focal therapy demonstrates reporting of func-
tional outcomes after treatment relies on PROM 
tools developed for whole-gland treatment [18]. 
Urinary symptoms are reported using the 
International Prostate Symptom Score (IPSS) 
and the Expanded Prostate Cancer Index 
Composite (EPIC) in most studies. In addition, 
the assessment of urinary incontinence is hetero-
geneous across most studies. For example, stud-
ies report only “pad-free” or “leak-free” rates, or 
both, as a measure of urinary incontinence, and 
the International Continence Society (ICS) ques-
tionnaire score was used sparsely.

Similarly, reporting of erectile function out-
comes after focal therapy treatment was varied 
and there was no standard definition of “potency.” 
Physical evaluation and need for assisted devices 
or medication were used rarely in studies to eval-
uate erectile function. Further, the International 
Index of Erectile Function (IIEF) and Brief Male 
Sexual Function Index were the instruments used 
most commonly in focal therapy studies. The 
methodology and PROMs used in focal therapy 
studies are described in Table 31.2 [19–32].

In the largest registry study for focal therapy 
in prostate cancer, Ward et al. examined the out-
comes of focal therapy using cryotherapy in 1160 
patients with prostate cancer [23]. Overall, 47 %, 
41 %, and 12 % of patients were categorized into 
low-, intermediate-, and high-risk prostate can-
cer, respectively. The authors reported 58.1 % of 
patients were “potent” after treatment and they 
used a single question to measure erectile func-
tion, defined as preservation of spontaneous erec-
tions. Urinary continence was defined as 
“pad-free” and 98.4 % of patients were reported 
continent after treatment. In a separate study, 
Bahn et al. evaluated 73 patients treated with 
cryotherapy [22]. The authors defined “potency” 

Table 31.1 Potential use of PROMs in focal therapy 
treatments for prostate cancer

Health system Performance assessment

Cost-effectiveness

Healthcare provider 
organization

Benchmarking

Quality assessment

Clinical trials Treatment outcomes

Clinical practice Diagnosis

Monitoring progress

Information for patients or 
clinicians

Choosing between 
providers/treatments
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based on the IIEF questionnaire and reported 
86 % of patients achieved erections after treat-
ment. In addition, all patients were reported as 
continent after treatment based on the definition 
of “leak-free” outcome. Importantly, no study 
reported outcomes comparatively between vari-
ous treatments, including focal therapy and 
whole-gland treatments.

In the most comprehensive prospective study 
of focal therapy for prostate cancer, Ahmed et al. 
reported outcomes of 42 patients treated with 
HIFU [27]. International Index of Erectile 
Function-15 (IIEF-15) scores were used for mea-
suring erectile function and noted no significant 
differences in median IIEF scores at baseline and 
12 months after treatment (p = 0.060). In addi-
tion, the authors reported categories of erectile 
function based on the IIEF questionnaire. The 
median IIEF-15 scores for intercourse satisfac-
tion (p = 0.454), sexual desire (p = 0.644), and 
overall satisfaction (p = 0.257) were similar at 
baseline and 12 months after treatment. However, 
the median scores for IIEF-15 erectile (p = 0.042) 
and orgasmic (p = 0.003) function were reported 
to demonstrate significant deterioration after 
treatment. In regard to urinary function, no dif-
ferences in median score for University of 
California, Los Angeles (UCLA)-EPIC were dis-
covered at baseline and 12 months after treatment 
(p = 0.045). Lower urinary tract symptoms were 
assessed by International Prostate Symptom 
Score (IPSS) and demonstrated significant 
improvement from baseline at 12 months after 
treatment (p = 0.026). Importantly, the overall 
quality-of-life measures did not demonstrate sig-
nificant differences after treatment.

In a study evaluating various techniques for 
focal therapy in localized prostate cancer, Barret 
et al. reported functional outcomes in 106 patients 
comparing HIFU, cryoablation, brachytherapy, 
and vascular-targeted photodynamic therapy 
[28]. The authors did not identify clinically sig-
nificant differences in median IPSS at baseline 
and12 months after treatment. However, the 
authors concluded that patients experienced a 
clinically significant decline of erectile function 
based on changes in the median IIEF-5 score at 
baseline and 12 months after treatment. Finally, 

Valerio et al. treated 34 men with localized prostate 
cancer with focal therapy using irreversible elec-
troporation [32]. Overall, 26 %, 71 %, and 3 % of 
men were classified as having low-, intermedi-
ate-, and high-risk prostate cancer, respectively. 
After a median follow-up of 6 months (range 
1–24), all patients were reported potent based on 
physician-documented physical examination. In 
addition, all patients were reported to be “pad-
free” at 6 months after treatment.

 Future Directions 
and Recommendations to Measure 
Outcomes in Focal Therapy 
for Localized Prostate Cancer

Despite an increase in prostate cancer focal ther-
apy studies that demonstrate it is safe based on 
complication data and short-term oncologic out-
comes, there is a paucity of comparative data 
using PROM instruments. As focal therapy is 
being more adopted into the management of 
localized prostate cancer, the selection of who, 
how, and when to treat need to be elucidated with 
well-designed comparative studies. In addition, 
the clinical spectrum of disease considered suit-
able for focal therapy is expanding to include sal-
vage therapy after radiation treatment. The 
heterogeneity of treatment techniques and selec-
tion of patients in focal therapy requires methods 
to standardize tools to measure outcomes and 
report patient-centered data. Notably, five inter-
national consensus meetings have convened to 
discuss key issues in focal therapy and prioritize 
standardized reporting of functional and onco-
logic outcomes [33–36].

Qualitative research methodology is well 
described in PROM instrument development 
[37–40]. We will briefly outline the key aspects 
of this research domain based upon a review of 
the published literature and apply these methods 
to focal therapy. Organizing a multidisciplinary 
working group is the key step to initiate the pro-
cess. This group should involve the stakeholders 
in focal therapy, including surgeons, patients, 
patients’ families, and nurses, in order to achieve 
a multidimensional perspective of the scope of 
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outcomes associated with focal therapy. The 
qualitative research interview is a scientifically 
described research process based on verbal 
communication aimed at gathering information 
in relation to a specific aim. The patient has con-
siderable freedom to respond to open-ended 
questions within a framework of themes encom-
passing various aspects of treatment outcomes, 
including physical function, adverse events, and 
secondary therapies. Performing a qualitative 
interview requires experience and involves in-
depth, open- ended questions, allowing patients 
to respond in their own words. Researchers 
should understand that the interview narratives 
must not be contaminated by biases from per-
sonal experiences, theoretical understanding, 
hypotheses, or assumptions.

A properly designed qualitative interview will 
result in a list of themes encompassing existing 
problems and concerns that is experienced by 
patients after focal therapy treatment. The qualita-
tive research working group processes this informa-
tion and develops meaningful close- ended questions 
specific to patients with prostate cancer. Importantly, 
prompt investigation should be initiated in cases in 
which symptoms not directly related to focal ther-
apy occur at a higher- than- expected rate in these 
patients (examples: testicular pain or pelvic pain 
syndrome). These interviews generate extensive 
data and require robust statistical analyses to look 
for patterns in terms of demographics, cancer char-
acteristics, and treatment parameters.

The newly developed close-ended questions as 
a result of qualitative interview constitute the 
PROM instrument. The PROM instrument aims to 
evaluate symptoms (impairments) and other 
aspects of well-being, functioning, health status, 
general health perceptions, and quality of life. The 
PROM tool must be validated and revised in a sep-
arate population of patients in a multi- institutional 
study [38]. Importantly, the successful implemen-
tation of PROMs in clinical practice requires a bal-
ance of collecting a minimal set of data and not 
overburdening the healthcare system with a survey 
that may take too much time to complete.

 Conclusion

Focal therapy has emerged as a viable treat-
ment option for select men with prostate cancer. 
Advancement in technology and refining tech-
niques will expand the clinical indications for 
focal therapy in the future. However, counsel-
ing men about the functional outcomes, adverse 
events, and long-term risks for secondary ther-
apy after treatment with focal therapy is diffi-
cult due to the paucity of patient-reported data. 
Subsequently, managing a patient’s expectations 
after focal therapy is an unmet need for research. 
The development and incorporation into clinical 
care of a standard validated PROM specific for 
focal therapy is key for comparative research to 
define the role of focal therapy in the manage-
ment of localized prostate cancer.
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 Introduction

Assessment of prostate tissue after focal therapy 
has resulted in novel challenges for the surgical 
pathologist. Independently of the modality used, 
the application of focal therapy results, by defini-
tion, in the division of the prostate into two dis-
tinct areas: a treated and an untreated zone. For 
each of these areas, therapy success from both 

the clinical and pathologic standpoints will be 
defined differently (Table 32.1). Ideally that por-
tion of the prostate undergoing treatment should 
be completely free of residual high-grade cancer 
and is expected to show morphological changes 
associated with the specific treatment modality 
utilized. In principle, the persistence of aggres-
sive tumor should be considered a failure of ther-
apy, although for most modalities it is unknown 
to what degree persistent tumor manifests the 
same biological behavior as untreated disease. 
The untreated area should ideally be pathologi-
cally free of tumor or harbor exclusively low- 
grade tumor. Clinically, the untreated portion 
should be thoroughly investigated to exclude 
aggressive disease and monitored with active sur-
veillance (AS) if low-grade disease is present.

 Assessment of Treated Area

All modalities of focal therapy create localized 
tissue necrosis by generating tissue damage 
upon the application of some type of energy or 
cellular insult. With the possible exception of 
radiation therapy, the insult does not discrimi-
nate between neoplastic and nonneoplastic tis-
sue, and thus the mechanisms and morphologic 
changes in both components will be similar. 
Given that the desired endpoint is complete 
necrosis of aggressive tumor, the result is usu-
ally a discrete area of necrosis and tissue destruc-
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tion within the prostate and sometimes the 
immediately adjacent tissue, with the conse-
quential inflammatory and reparative response. 
Each distinct technique results in subtle morpho-
logic differences, and the surgical pathologist 
will likely be requested to not only determine the 
presence or absence of residual viable tumor but 
also to assess the degree of tissue damage as a 
method of providing feedback as to whether the 
technique was appropriately applied. Familiarity 
with the particular changes associated with each 
technique is thus necessary for proper evaluation 
of the treated area. Our knowledge of these 
changes is rather limited, as currently there are 
only a small number of published studies on the 
histopathological changes associated with newer 
partial therapy modalities, with most of these 
encompassing only a small number of cases.

 Postradiation Treatment Changes

Changes associated with radiation have been well 
characterized in the prostate pathology literature, 
given the popularity of external beam radiation as 
a whole-gland treatment modality. The changes 
are similar whether the method of delivery is 
external beam radiation or brachytherapy, with 
the latter being the most likely form in which 
focal radiation therapy is currently applied.

In contrast to most other techniques, radiation 
can achieve tumor eradication without complete 
obliteration of the adjacent benign tissue. Thus, 
benign prostatic glands are usually seen in areas 
of radiation therapy, although their morphology 
is markedly altered by the radiation. Typical his-
tologic changes in benign tissue include a 
decreased ratio of glands to stroma, atrophy, and 
squamous-like metaplasia of the nonneoplastic 

glands. Atrophy is predominant in the secretory 
cells, while the basal cells show atypical pleo-
morphic nuclei with smudged chromatin and 
cytoplasmic vacuolization. This cytologic atypia 
and pleomorphism tends to be marked, frequently 
resembling neoplastic changes to the inexperi-
enced observer (Fig. 32.1a). The fact that pros-
tatic adenocarcinoma is rarely a pleomorphic 
tumor should provide reassurance that the atypi-
cal cells are not neoplastic in nature [1]. Paneth- 
like cells and mucinous metaplasia may also be 
seen. Changes in the adjacent elements include 
stromal fibrosis, arterial luminal narrowing due 
to myointimal proliferation, foam cells within 
vessel walls, and fibrosis and atrophy of seminal 
vesicles [2]. Despite the striking cytological 
changes, low-power examination reveals a reten-
tion of the lobular architecture of the normal 
prostatic parenchyma. Changes in the benign 
glandular elements can persist for prolonged 
periods of time, up to 5 years postradiation [3].

Prostatic adenocarcinoma shows a spectrum 
of changes that vary in severity according to the 
degree of therapy effect in the tumor glands. The 
most affected tumor tissue shows infiltrative 
abortive glands and single cells with prominent 
cytoplasmic vacuolization, pyknotic nuclei, and 
disappearance of nucleoli (Fig. 32.1b–d). The 
least affected tumor tissue is indistinguishable 
from untreated tumor, with amphophilic cyto-
plasm, enlarged nuclei, and prominent nucleoli. 
A grading scale to assess the severity of the treat-
ment effect has been proposed and correlated 
with chances of recurrence (in the setting of 
external beam radiation) (Table 32.2) [4]. 
According to the proponents of this grading 
scale, tumors with scores of 1 or 2 in biopsies 
taken at 24 months post-therapy biopsy show 
morphology almost identical to untreated tumors 

Table 32.1 Desired oncologic/pathologic outcome in focal therapy

Treated zone Untreated zone

Desired oncologic outcome Eradication of aggressive disease Absence of aggressive disease

Expected pathologic 
findings

Specific therapy- related changes
Absence of residual tumor

Absence of tumor or at most small 
Gleason 3+3 (grade group 1) tumors

Clinical follow-up Imaging/biopsy interrogation for evidence  
of recurrent tumor

Active surveillance protocol

R.E. Jimenez et al.
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and are associated with recurrence rates of 55 %. 
Tumors with scores in the intermediate range of 
3–4 have local failure rates of around 30 %. 
Tumors showing severe treatment effects, with 
total treatment grades of 5 to 6, have five-year 
disease-free survival rates that are similar to neg-
ative biopsies and could be considered “indeter-

minate” for residual tumor [5]. However, in a 
recent study, no statistically significant difference 
in biochemical disease-free survival was found 
between the different degrees of therapy effect in 
patients undergoing high-dose rate brachytherapy 
boost for intermediate-risk prostate cancer (PCa) 
at routine two-year biopsy [6]. It is controversial 

Fig. 32.1 Radiation induced changes in prostatic adeno-
carcinoma and benign prostatic glands. (a) Typical 
appearance of benign prostatic glands following radiation 
therapy, characterized by prominent, irregular basal cells 
with smudged dark chromatin. (b) Typical hematoxylin 
and eosin (H&E) stain appearance of prostatic adenocar-
cinoma on needle biopsy performed 18 months after 
external beam radiation therapy, showing malignant acini 
distributed in a haphazard manner within the prostatic 
stroma. (c) Immunohistochemical staining with a p63/
high-molecular-weight keratin/alpha-methylacyl-CoA 

racemase (AMACR) cocktail showing the expected 
absence of basal cells (evidenced by a lack of brown stain-
ing with p63/high-molecular-weight keratin) and positive 
staining for AMACR (red staining). This profile provides 
additional support for the diagnosis of prostatic adenocar-
cinoma with radiation-induced treatment effects. (d) 
High-magnification H&E appearance of the malignant 
glands shown in (b), showing the typical degenerative 
nuclear changes and vacuolated clear cytoplasm seen fol-
lowing radiation therapy. Gleason grading is not applica-
ble in this setting
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whether Gleason scoring is applicable to radia-
tion-treated tumors: Most institutions apply a 
Gleason score only to tumors with minimal ther-
apy effect, while avoiding it for tumors with 
marked effect, given the severe alteration of the 
tumor’s architecture [3, 7].

In general, identification of a haphazard, infil-
trative distribution of the glandular elements at 
low-power microscopic examination is the best 
way to differentiate residual tumor from benign 
glandular elements. In difficult cases, immuno-
histochemical staining with basal cell markers 
(p63, keratin 34βE12, keratin 5/6) and alpha-
methylacyl-CoA racemase (AMACR) is 
extremely useful, as the differences in immuno-
phenotype between benign and malignant glands 
are maintained in the setting of radiation therapy. 
Some authors have investigated the use of prolif-
eration markers such as Ki67 to provide an objec-
tive assessment of the viability of the tumor cells 
[8, 9], although this is not currently routinely 
recommended.

 Post-High-Intensity Focused 
Ultrasound Treatment Changes

High-intensity focused ultrasound (HIFU) therapy 
uses highly energetic ultrasound waves that rap-
idly increase the temperature within the affected 
area causing tissue destruction and coagulation 
necrosis (Fig. 32.2). Early reports of the effects of 
HIFU on canine prostates found subtotal hemor-

rhagic liquefactive necrosis in 90 % of the gland 
[10, 11]. In human prostates, radical prostatec-
tomy (RP) specimens at 2 weeks after HIFU treat-
ment showed a spectrum of morphological 
changes from subtle ultrastructural cell damage to 
frank necrosis [12, 13]. Treated tumor was associ-
ated with loss of cytokeratin 8, signifying severe 
cellular damage [13]. In a 65-year-old man treated 
with radical cystoprostatectomy for a prostate-
rectal fistula from postradiation salvage HIFU, 
histological changes of dense fibrosis, neuronal 
proliferation, and chronic inflammation were 
noted where prostatic tissue should have been 
located, with no evidence of residual cancer [14].

Changes in needle core biopsy are dependent 
on timing of the biopsy. In an examination of 
needle biopsies taken 6 months after HIFU treat-
ment, necrosis—often accompanied by acute, 
chronic, or granulomatous inflammation—was 
noted in 72 % of the cases, with mild to moderate 

Table 32.2 Grading of postradiation treatment effect in 
prostate biopsies. Adapted from [3, 4]

Cytoplasmic

0 No identifiable treatment effect

1 Swelling and microvesicular change

2 Vacuolization and voluminous cytoplasm,  
ruptured cytoplasm, lipofuscin accumulation

3 Single tumor cells or dilated glands

Nuclear

0 No identifiable treatment effect

1 Nuclear enlargement with smudging and 
visible nucleoli

2 Large bizarre nuclei with smudging and rare 
or absent nucleoli

3 Pyknotic, small nuclei

Fig. 32.2 Prostate biopsy following high-intensity 
focused ultrasound (HIFU) therapy. (a) Marked HIFU- 
induced fibrosis is seen in the core fragment on the right, 
in this biopsy performed 15 months after HIFU therapy 
for clinically low-risk prostate cancer. In contrast, the core 
fragment on the left shows residual prostatic adenocarci-
noma and adjacent stroma showing no obvious effects of 
HIFU therapy. (b) Note the sharp interface between the 
HIFU-induced fibrosis and the unaffected prostate 
parenchyma

R.E. Jimenez et al.



421

fibrosis in all biopsies [15]. In 44 % of their cases, 
residual adenocarcinoma was present; little to no 
treatment changes were seen among the glands, 
raising the possibility of insufficient delivery of 
thermal energy. In another study of needle biop-
sies taken at a mean of 14 months after HIFU, 
coagulation necrosis was much less prevalent 
(only 4 of 30 cases), with well-developed fibrosis 
being more common, usually associated with 
hemosiderin deposition, granulation tissue, and 
corpora amylacea within spaces lacking epithe-
lium [16]. Adenocarcinoma was present in 63 % 
of cases, and the authors found that it lacked any 
morphologic evidence of therapy effect and that 
Gleason grading could be easily performed. Most 
of the patients with positive post-HIFU biopsies 
had Gleason scores less than or equal to their pre-
HIFU biopsies along with similar or lower per-
centage tissue involvement. Cases with higher 
posttreatment Gleason scores all showed bio-
chemical failure. Additionally, the tumor immu-
nophenotype was not altered by the therapy, and 
application of common markers yielded expected 
results. Similarly, both Dalfior et al. and Walter 
et al. found a preserved immunophenotype in 
residual tumors in patients who underwent post-
HIFU biopsy [17, 18].

 Post-Cryotherapy Treatment Changes

Cryotherapy induces tumor ablation through 
multiple pathways, including mechanical cell 
destruction by the formation of ice crystals, 
necrosis, and the induction of apoptosis through 
metabolic, vascular, and immune pathways [19]. 
Initial experience on six patients revealed coagu-
lative necrosis in the proximity to the cryosur-
gery probe (Fig. 32.3a, b), with squamous 
metaplasia of glandular epithelium and hemor-
rhagic areas observed further away. A larger 
study of 30 biopsies performed on a man at 
19 months post-cryotherapy revealed chronic 
inflammation, myxoid stromal change, and stro-
mal hemosiderin [20]. Additional findings 
included stromal fibrosis, necrosis, calcifications, 
acute inflammation, granulomas, hemorrhage, 
vessel wall thickening with prominent endothe-

lial cells, and squamous metaplasia (Fig. 32.3c, d). 
Residual benign glands, when present, did not 
show significant histopathologic changes. 
Recurrent or residual prostatic adenocarcinoma 
was present in 36 % of cases, almost half of them 
with a higher Gleason score compared to the pre-
treatment biopsy. The residual tumor glands did 
not show evidence of tumor effect [20]. Similarly, 
Koppie et al. found that of 111 biopsies in patients 
with 24 or more months of follow-up, 41 (37 %) 
displayed residual/recurrent prostate cancer [21]. 
Ellis et al. also found that of 35 patients who 
underwent biopsy, 14 (40.0 %) contained adeno-
carcinoma at a mean of 12.0 months posttreat-
ment. However, they caution that 13 of these had 
been taken from the side of the prostate that was 
not initially treated [22].

 Post-Laser Ablation Changes

Laser ablation induces tissue necrosis by thermal 
injury, and thus the findings are similar to those 
of HIFU, including a sharp interface between 
treated and untreated tissue, the former character-
ized by coagulative necrosis and “ghosts” of 
malignant glands (Fig. 32.4). Lindner et al. 
described four patients who underwent RP after 
laser ablation therapy and found that the ablation 
zone was characterized by homogeneous areas of 
coagulation necrosis, surrounded by a small hem-
orrhagic rim, devoid of vital glandular tissue 
[23]. Vitality of the residual glands was assessed 
by the use of cytokeratin 8, which demonstrated 
an abrupt transition of positive (vital) glandular 
tissue and negative (ablated) glands. The points 
of insertion of the laser fibers were easily identi-
fied in the whole-mount sections of the RP speci-
men, and the absence of residual tumor in 
between the two fibers was evident. The ablation 
zone extended all the way to the prostate capsule. 
Also, there was a good correlation between mag-
netic resonance imaging (MRI) and whole-mount 
hematoxylin and eosin (H&E) stain histological 
examination and an even better correlation with 
the loss of cytokeratin 8 immunohistochemical 
staining. Oto et al. published results on 6-month 
post-procedure biopsies for nine patients who 
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Fig. 32.3 Prostate biopsy following cryotherapy. (a) 
Cryotherapy induces extensive coagulative necrosis and 
adjacent fibrosis. (b) Necrotic tumor is characterized by 
“ghost” glands that maintain the architecture of the origi-

nal glands, but lose all cytologic detail. (c) Area of hyalin-
ized fibrosis, with minimal cellularity. (d) More cellular 
area of fibrosis, with fibroblasts and hemosiderin-laden 
macrophages, indicative of prior hemorrhage

Fig. 32.4 Prostate biopsy following interstitial laser 
ablation therapy. (a) Low-magnification view of a prostate 
needle biopsy performed 5–6 months after primary inter-
stitial laser ablation therapy. Note the core fragment on 
the right, where the sharp interface between treated and 
untreated tissue is readily apparent (denoted by the asterisk). 

(b) High-magnification view showing the ablation zone 
characterized by a peripheral rim of fibrosis between the 
unaffected parenchyma and the ablated tumor, which is 
characterized by coagulative necrosis and “ghosts” of 
malignant glands
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underwent laser ablation: seven patients had no 
evidence of residual/recurrent disease, while two 
showed Gleason 3+3 adenocarcinoma [24]. 
Retrospective review of the ablation images 
revealed incomplete coverage of the lesion site 
by the ablation zone for the two patients with 
positive follow-up biopsies. Similarly, Lee et al. 
reported that 12 of their 13 patients who had laser 
ablation therapy had no residual cancer on fol-
low- up biopsy [25]. The remaining patient had 
Gleason 3+4 adenocarcinoma. An additional 
patient developed a new multiparametric MRI 
(mpMRI) abnormality away from the treated area 
that upon biopsy revealed 3+3 adenocarcinoma. 
Both cases were subsequently reablated.

 Post-Photodynamic Therapy Changes

Photodynamic therapy uses photosensitizing 
drugs that are pharmacologically inactive until 
they are exposed to light in the presence of oxy-
gen. Once activated, the drug forms reactive 
oxygen species that are directly responsible for 
thrombosis and tissue destruction around the 
optical fiber. For prostate cancer, the photosensi-
tizers are administered orally or intravenously 
and activated in the prostate by a low-power 
laser light delivered with optical fibers. 
Histopathologic changes associated with photo-
dynamic therapy include hemorrhagic necrosis 
with inflammation, gland destruction, atrophy, 
and vascular thrombosis in the treated area, ulti-
mately followed by dense fibrosis (Fig. 32.5a–d) 
[3, 26]. Eymerit- Morin et al. described the histo-
pathologic  findings in 6-month follow-up biop-
sies of 53 patients who underwent focal 
photodynamic therapy; these comprised sharply 
demarcated hyaline scars, rare atrophic glands, 
mild chronic inflammatory infiltrate, hemosid-
erin deposition, and coagulative necrosis [27]. 
Vascular lesions such as intimal hyaline fibrosis 
or organized thrombi were not prominent. 
Seventeen of the 53 patients had residual carci-
noma in the treated lobe, all located outside the 
scarred area, usually close to the capsule (which 
was intentionally avoided). The Gleason score 
was upgraded in five patients. The viable carci-

noma glands did not display any therapy-related 
changes and were easily recognized in most 
cases with routine histology.

 Post-Irreversible Electroporation 
Changes

Irreversible electroporation (IRE), or electroper-
meabilization, is a nonthermal ablation technique 
by which cell membrane permeability to ions and 
macromolecules is increased by exposing the cell 
to short electric current pulses, creating perma-
nent cellular and tissue damage. The electric cur-
rent pulses are delivered by needle electrodes 
percutaneously placed in the tumor under ultra-
sound guidance [28]. A small study by Neal et al. 
describes the findings in two patients who under-
went RP after IRE [29]. The treatment areas 
exhibited extensive necrosis with inflammatory 
neutrophilic infiltrate, surrounded by an area of 
reactive fibroblasts and hemorrhage. The adjacent 
viable ducts displayed squamous metaplasia. A 
recent study reported on 16 patients who under-
went IRE 4 weeks prior to scheduled RP [30]. 
Microscopic assessment of the ablation zone 
showed areas of fibrosis, necrosis, and ghost 
tubuli with eosinophilic cytoplasm, surrounded 
by a hemorrhagic area corresponding with the 
location of the electrodes on ultrasound. Mild to 
moderate inflammation, basal cell hyperplasia, 
and urothelial metaplasia were also seen. No skip 
lesions (residual viable tissue) were identified in 
the ablated area. The prostate capsule was affected 
by the IRE treatment in most cases, showing inva-
sion of adipocytes and lipophages in the capsule. 
IRE effects were observed extending into the neu-
rovascular bundle in the majority of patients, 
where it was recognized as eosinophilic degenera-
tion of the cytoplasm and pyknotic nuclei of the 
nerves. The prostatic urethra was affected in nine 
patients, showing denudation of the urothelium. 
Tissue outside the ablation zone contained multi-
focal adenocarcinoma in 15 patients with the 
diameter of the dominant tumor area ranging from 
3 mm to 18 mm. Four tumors extended into the 
extraprostatic tissue. More recently, Ting et al. 
reported on 25 patients who underwent IRE; of 
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the 21 who underwent  follow- up biopsy, 5 (21 %) 
had significant disease on follow-up biopsy. 
However, four of these were located in the field 

adjacent to the ablation zone, suggesting that a 
wider margin around the area of concern is 
required to ensure adequate treatment [31].

Fig. 32.5 Prostate biopsy following photodynamic ther-
apy (PDT). (a) Low-magnification overview of a needle 
biopsy obtained 8 months following salvage PDT after 
incomplete primary radiotherapy. Tissue above the aster-
isk shows no appreciable treatment effect, while that 
below the asterisk shows a marked range of fibrosis. (b) 
High-magnification view of adenocarcinoma and stroma 

from the top of the core in (a) showing no treatment effect. 
(c) High-magnification view of tissue located at the aster-
isk in (a). The adenocarcinoma shows no appreciable 
treatment effects, while the adjacent stroma shows moder-
ate fibrosis. (d) High-magnification view of the end of the 
core in (a) showing dense scarring resulting from the PDT 
therapy

R.E. Jimenez et al.
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 Other Emerging Therapy Modalities

Other modalities of energy delivery to the pros-
tate for purposes of focal therapy are in early 
stages of investigation, and relatively little infor-
mation is available on the pathologic findings 
associated with these therapies.

Interstitial microwave thermal therapy (IMT) 
induces tissue damage by heating of tissue to 
cytotoxic levels of 55–70 °C. The electromag-
netic energy, which increases kinetic energy by 
rotating cellular molecules, is delivered to the 
prostate by the insertion of microwave antennas 
through the perineum. Only a few studies have 
been published that include histopathologic anal-
ysis after IMT. In a report of findings in canine 
prostates, Cheng et al. described three discrete 
zones within hours of IMT, one characterized by 
its resemblance to untreated tissue, with the glan-
dular and stromal architecture intact, but nuclei 
appearing pyknotic. The second zone had a 
ghostlike appearance due to disrupted cell mem-
branes and vessels; extravasated red blood cells 
were present. The third zone had similar cellular 
changes with vascular dilatation and interstitial 
hemorrhage [32]. A study of five RP specimens, 
performed 1 week after IMT delivered transure-
thrally, revealed sharply circumscribed necrosis 
with the nonviable zone wider at the base, gradu-
ally decreasing toward the apex. The prostate 
cancer was generally localized in the peripheral 
zone at depths greater than microwave penetra-
tion, whereas the thermally damaged zone 
appeared in the transition zone circumferential to 
the prostatic urethra [33].

Radiofrequency interstitial tumor ablation 
(RITA) generates temperatures of around 100 °C 
and induces coagulative necrosis. The radiofre-
quency energy is delivered by precise placement 
of needle electrodes into the previously localized 
tumor. Zlotta et al. reported on 13 RP specimens 
removed immediately and after 1 week post- 
RITA. Macroscopically large hemorrhagic areas 
were visible; microscopically they were charac-
terized by an intense interstitial edema and fading 
of the cell borders with cytoplasmic hypereosino-
philia. Glandular retraction and desquamation of 
the epithelium in the glandular lumen were seen [34]. 

Another study reported on follow-up needle core 
biopsies on 11 patients who underwent RITA. 
Seven had negative biopsies at 6 months and six 
of nine at 12 months after RITA [35].

 Monitoring of the Non-treated Area

As stated previously, in a successful partial ther-
apy, the non-treated area should harbor no neo-
plastic disease or at worst low-grade, clinically 
insignificant tumors. It is well known that pros-
tate cancer is a multifocal disease in 57–91 % of 
cases [36–40]. Despite this, Liu et al., by using a 
high-resolution genome-wide survey of single- 
nucleotide and copy-number polymorphisms, 
concluded that different, anatomically distinct 
metastases within the same patient originated 
from a single precursor cell [41]. This notion is 
central to the concept of index tumor, which pro-
poses that the biologic behavior of PCa is deter-
mined, in multifocal tumors, by its most 
aggressive lesion, usually the one that has the 
largest size, highest grade, or highest stage within 
the prostate [42]. Index tumor determination by 
mpMRI or transperineal template-guided map-
ping biopsy is highly accurate. The largest tumors 
usually have the highest Gleason score—up to 
98 % of patients in one study [43]. However, in a 
recent series of 122 men, 20 % had Gleason 7 
non-index tumors, including 5 % with tumors 
>4+3, the majority of which were missed by MRI 
[44]. Further, non-index tumors have been 
reported to locally invade [39] and metastasize 
[45, 46]. Focal therapy series treating the index 
lesion only have reported detection of clinically 
significant disease arising in the outfield, or 
untreated, area at 6-month biopsy [47]. It remains 
unclear at present, whether outfield recurrence is 
due to disease progression as a result of field 
change or previously undetected small foci of 
cancer. Data on histological assessment of 
untreated zone is difficult to interpret as not all 
series that report residual adenocarcinoma post- 
focal therapy specify location or even grade of 
the positive cores [48]. Nonetheless, the pub-
lished data provides evidence supporting active 
surveillance of the untreated area and having a 
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low threshold to intervene in case of suspicion of 
clinically significant tumor. Documentation of 
clinically significant disease in the untreated area 
should prompt further therapy, either whole- 
gland therapy or additional focal therapy.

Multiple active surveillance protocols have 
been employed, and the majority of series include 
clinical assessment with digital rectal examina-
tion, prostate-specific antigen (PSA)/PSA kinet-
ics, and re-biopsy at 12–18 months, followed by 
trigger-based biopsies [49]. It is still unclear what 
the impact of mpMRI as a surveillance technique 
is in follow-up protocols [50]. Similarly, it is 
unclear whether histologic criteria for active sur-
veillance defined for systematic blinded biopsy 
are applicable to surveillance protocols in the era 
of mpMRI and focal therapy [51].

 Reporting Recommendations 
for Post-focal Therapy Treatment 
Biopsies

The following recommendations have been 
recently published by the Société Internationale 
d’Urologie and the International Consultation on 
Urologic Diseases [52]:

 1. In biopsies from the treated area, it is important 
for the pathologist to report findings that confirm 
that the area biopsied is indeed the treated area. 
As stated above, these may include necrosis, 
hemorrhage, acute and chronic inflammation, 
stromal edema, glandular atrophy, hemosiderin 
deposition, reactive fibroblasts, and stromal 
fibrosis and should be consistent with the treat-
ment modality employed.

 2. In the treated area, a diagnostic menu for 
biopsy findings may include:
 (a) Benign prostatic tissue with posttreatment 

changes, no residual carcinoma
 (b) High-grade prostatic intraepithelial neo-

plasia (HGPIN)
 (c) Atypical small glands, suspicious for car-

cinoma, a diagnosis usually rendered after 
examination of multiple levels and/or 
immunohistochemical studies

 (d) Prostatic adenocarcinoma

 3. If no treatment-induced changes are apparent, 
which is usually the case with focal therapy, a 
Gleason score should be assigned to the finding 
of prostatic carcinoma in the treated area.

 4. A finding of HGPIN in the treated area fol-
lowing focal therapy is of uncertain but likely 
little significance, particularly if isolated.

 5. The recent World Health Organization/
International Society of Urologic Pathologists 
(WHO/ISUP) recommended prognostic grade 
groups (1 through 5), which group different 
combinations of Gleason grades according to 
prognosis, and should be reported in parallel 
with the Gleason grade [53].

 6. In core and systematic biopsies outside of the 
treated areas, handling and reporting should 
occur in conjunction with established practices.

 7. Judicious use of immunohistochemistry mark-
ers should be considered for the microscopic 
interpretation of treated glands in biopsy spec-
imens. Basal cell markers, such as cytokeratin 
34BE12, p63, or cytokeratin 5/6 selectively 
label basal cells in prostatic glands. These cells 
are present only in benign glands, and thus 
their detection is reassuring when the benig-
nity of a group of atypical glands is questioned. 
The presence of alpha- methylacyl- coenzyme 
A racemase (AMACR), a well- known marker 
overexpressed in prostate cancer, has been 
found to facilitate or support decision-making 
in differentiating cancer from benign glands 
with atypia, such as those seen after radiation 
therapy [54]. Many modern pathology labora-
tories use a p63/high- molecular- weight cyto-
keratin/AMACR immunohistochemical stain, 
which has  demonstrated utility in the setting of 
treated prostate [55].

 Conclusion

In summary, focal therapy is associated with 
technique-dependent histopathologic changes 
that the surgical pathologist will encounter more 
frequently as these techniques gain popularity. 
Pathologists not only need to familiarize them-
selves with the effects of these new treatment 
modalities, but should actively participate in the 
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development of criteria for determining thera-
peutic success or failure and their appropriate 
reporting, as well as defining the optimal surveil-
lance of both the treated and untreated areas of 
the prostate.
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 Introduction

In the previous edition of this book, there was one 
chapter devoted to post-ablation follow-up, 
addressing both imaging and biopsy [1]. The sub-
ject is given more attention in the current volume, 
and for several reasons magnetic resonance imag-
ing (MRI) in particular has the potential to play a 
vital role in the follow-up of focal therapies.

Firstly, all current technologies for ablating 
the prostate are subject to a degree of impreci-
sion, and MRI provides early feedback about the 
size of the ablated zone and the likelihood of 
incomplete treatment, creating both an important 
feedback loop for the operator and an opportu-
nity to detect early complications.

Second, all current focal treatment modalities, 
even if appropriately targeted, have a significant 
rate of incomplete treatment. In a recent analysis 
of high-intensity focused ultrasound (HIFU), one 
of the most mature technologies, the rate of fail-
ure of the primary treatment approaches 30 % at 
5 years [2]. Follow-up is of vital importance, 
both for in-field residual tumor and for new or 
previously undetected synchronous disease [3]. 

While it is possible to reduce the morbidity of 
prostate biopsy by the transperineal approach [4], 
there is a growing body of evidence to suggest 
that biopsy is potentially more sensitive and less 
morbid if targeted to MRI findings [5]. In the 
long term, a follow-up strategy based on nonin-
vasive tests is likely to be far better tolerated than 
repeated biopsy, with its risk of infection and 
functional morbidity [6].

This chapter will address the appearance of 
the prostate after several focal treatment tech-
niques, both soon after treatment and over months 
or years.

 Early Appearances

 Assessing Necrosis

Almost all ablative techniques (whether by cold 
[7], heat [8], or electroporation [9]) produce con-
fluent areas of tissue necrosis. The treated zone 
usually increases in volume in the days following 
treatment [10, 11], and although necrotic tissue 
shows changes in elasticity that can be seen with 
ultrasound [12] and MRI [13], techniques that 
assess perfusion have far greater spatial resolu-
tion [10]. Although ultrasound has been used to suc-
cessfully delineate the perfusion defect after ablation 
with HIFU [14] and irreversible electroporation [15] 
and is potentially of high resolution [16], MRI 
allows a standardized technique in which all 
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areas of the prostate are easily imaged, and com-
parison can be made with preoperative appear-
ances [14].

The effects of radiotherapy are likely to be 
much more gradual, although significant changes 
in prostate volume and tumor enhancement are 
seen at 2 months after stereotactic radiotherapy 
[17]. There are few studies of the earlier effects 
of radiotherapy on the prostate, so we will address 
the appearance of the prostate after radiotherapy, 
and the detection of residual disease, in the “Late 
Scans” section of this chapter.

 Technique
The best time for imaging necrosis has yet to be 
determined. For some technologies the final 
amount of necrosis may not be apparent immedi-
ately (taking several hours to develop in the case 
of photodynamic therapy [18]), and we know that 
after whole-gland HIFU, the volume of the 
necrotic part of the prostate may shrink by around 
50 % in the first month [19]. To accurately delin-
eate the volume of necrosis, we therefore recom-
mend scanning at 1–7 days after treatment.

T2 appearances are heterogeneous and cannot 
be used to assess necrosis, but a high-resolution 
T2 sequence is useful for correlation with preop-
erative imaging [19]. Diffusion is generally not 
assessed, and even if the diffusion findings 
correlated with necrosis, the spatial resolution 
of diffusion sequences is usually inferior to 
either spin or gradient echo T1-weighted 
sequences [20]. Pre-contrast imaging is vital 
because necrosis is often associated with hemor-
rhage, and it is possible to assess the prostate 
using pre- and post- contrast high-resolution 
(3 mm slices, in plane resolution <1 mm) T1 
spin echo sequences. However, although poten-
tially of lower resolution, dynamically enhanced 
scans are a mainstay of the assessment of tumor 
before treatment [21] and can be performed in 
addition with little time penalty. A protocol that 
conforms to the European Society of Urogenital 
Radiology (ESUR) guidelines on multiparamet-
ric prostate MRI [21], but omitting diffusion and 
including post-contrast spin echo images in sev-
eral planes, will suffice.

 Significance of Non-perfusion 
and Prognostic Value

Effective thermal ablation should produce an 
area of confluent non-enhancement, which is 
usually surrounded by a thin enhancing rim 
(Figs. 33.1 and 33.2) [10, 19]. This rim is also 
seen after thermal ablation of the liver [22] and 
kidney [23] and is likely to represent inflam-
mation, granulation, and fibrosis [24], although 
after HIFU at least part of it appears necrotic at 
biopsy [8].

We are careful to use the term “non- 
enhancement” (others use “signal void” [7]) 
rather than fibrosis because we cannot be sure 
that lack of enhancement correlates with truly 
necrotic tissue. The early experience in cryo-
therapy suggested that if the volume of the 
tumor were non-enhancing after treatment, then 
recurrence was unlikely [25], but subsequent 
experience has shown that there is a significant 
rate of residual, viable tumor, even when treat-
ment is apparently complete and margins are 
adequate [7]. The difference may well be due to 
inhomogeneous freezing [26], and a similar 
limit of sensitivity of MRI for small amounts of 
enhancement is likely to be present with thermal 
therapies. However, two small series (one in 
HIFU, of 13 patients [10], the other in photo-
dynamic therapy, with ten patients [27]) have 
suggested that the completeness of early non-
enhancement predicts the absence of tumor at 
6 months. Both of these studies were in the era 
of whole-gland treatment, and similar studies 
for focal therapy are awaited.

What is the evidence that non-enhancement 
correlates with necrosis? To answer this question 
probably requires animal studies in which the 
MRI and histological appearances can be corre-
lated accurately. One such study examined the 
effects of a prototype rotating HIFU probe that 
produced confluent necrosis extending out from 
the urethra. The line of non-enhancement on 
MRI lays inside the line drawn on histology to 
map the complete necrosis. In other words, non- 
enhancement always implied necrosis. However, 
such results must be interpreted with caution: 
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Fig. 33.1 A series of MRI scans in a 67-year-old man 
before and after focal ablation to a lesion in the left periph-
eral zone. (a, b) T2 and early dynamically enhanced 
sequences with arrows showing the original tumor (Gleason 
3+4 on template transperineal biopsy) in the left posterolat-
eral peripheral zone (PSA 5.7). (c, d) T2 and late enhanced 
sequences 1 week after treatment. The left hemiablation is 
easy to appreciate (arrows) on the enhanced sequences, but 
the margins of the ablation are very difficult to define on 
T2. A little patchy enhancement remains in against the pos-
terior capsule. (e, f) T2 and early dynamically enhanced 
sequences 6 months after focal HIFU. The PSA has fallen 
to 0.7. The T2 sequence shows atrophy and low signal in 
the treated zone, but does not reveal a focal tumor. The 
dynamically enhanced image shows a 5 mm diameter focus 
of residual tumor (arrow) on the left, which was targeted at 
transrectal biopsy, but missed (atrophy only on biopsy). 
Note the diffuse enhancement on the opposite (right) side: 

a common finding after HIFU. (g, h) Shows the prostate 
9 months later: the focal tumor has enlarged significantly. 
The PSA is now 1.5. Biopsy showed a maximum cancer 
core length of 10 mm of Gleason 4+3 tumor. (i) A late 
dynamic image showing the prostate 3 months after repeat 
HIFU. Note the enhancing rim (arrows), making it impos-
sible to assess completeness of treatment. (j–m) T2, early 
dynamically enhanced, b1400 diffusion-weighted, and 
apparent diffusion coefficient (ADC) map 9 months after 
the second HIFU treatment. Note that neither the T2 
sequence nor the diffusion images (either long b or ADC 
map) show the recurrent tumor: at this stage it is only seen 
as a small focus of enhancement (arrow) on the enhanced 
image. (m–p) T2, early dynamically enhanced, b1400 
diffusion- weighted, and ADC map after a further year. The 
residual tumor has enlarged and is now seen on both 
enhanced and diffusion-weighted images (arrows). It is still 
difficult to define on T2
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they depend on MRI technique, the method of 
ablation, and the histological definition of necro-
sis [28].

 Complications

Because the evidence that early imaging (at 
<1 month) can predict outcome is poor, many of 
those performing focal therapy wait for at least 
6 months before performing MRI after treatment 
[29]. Nevertheless, where either the technique or 
the operator is new, MRI provides a powerful 
method for delineating the ablation lesion and 
optimizing treatment. In particular, it can help to 
detect damage to adjacent structures: the neuro-
vascular bundles, external urethral sphincter, and 
rectum.

Several complications of ablation (whether by 
cooling or heating)—in particular incontinence 
and rectal injury leading to fistulation—are more 
common in patients who have previously under-
gone radiotherapy [30] (“salvage” cases), and 
indeed the incidence of incontinence after pri-
mary focal HIFU is low [31], and rectal fistula-
tion almost unheard of in both primary HIFU 

[32] and cryotherapy [33]. A non-enhancing seg-
ment of rectal muscularis is common after HIFU 
and is usually of no consequence, but in patients 
who have undergone both brachytherapy and 
external beam radiotherapy, it is an ominous find-
ing for fistulation (Fig. 33.3) [34].

Anterior treatments can also result in ante-
rior fistulation, most commonly presenting with 
pain. In a small group of patients presenting after 
transurethral resection of the prostate (TURP) or 
prostate vaporization [35], this was diagnosed 
between 2 weeks and 11 months after treatment. 
In a group of 16 patients developing this compli-
cation after treatment for prostate cancer, all had 
undergone radiotherapy [36], and pain was the 
primary presentation, with extensive fistulous 
tracks extending to the adductor compartment or 
thigh in many. Three patients developed fistula-
tion after cryotherapy, though in two cases there 
were complicating factors (a TURP and a trau-
matic catheterization). MRI can show fluid 
within the symphysis, adjacent bony inflamma-
tion (although this must be distinguished from 
post- radiotherapy changes and osteonecrosis 
[37]), and the fistulous tracks, and was used in 
all cases [36].

Fig. 33.2 Post-contrast scans 1 week after focal treatment with photodynamic therapy (a) and cryotherapy (b). The 
appearances of the necrosis at this stage are very similar to those seen with HIFU (Fig. 33.1)
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 Appearances at 2–5 Months

Between 2 and 5 months, the appearances after 
ablation are variable, and the treated volume 
gradually becomes smaller and fibrotic; after 
HIFU there is often a double enhancing rim [10], 
but the changes may be different after cryother-
apy or photodynamic therapy or if there has been 

previous radiotherapy, when the resorption of 
necrotic tissue is considerably slower.

Fistulation after salvage HIFU (in post- 
radiotherapy glands) usually presents between 4 
and 8 months after treatment [34] and can be 
demonstrated most simply with a cystourethro-
gram. MRI is useful in planning the operative 
approach to repair, and for this we usually use a 
combination of small field of view T2 and short 

Fig. 33.3 Early and late scans showing fistulas in two 
patients. (a, b) 10-day and 6-week enhanced scans in a 
67-year-old man undergoing whole-gland HIFU for recur-
rent tumor after external beam radiotherapy and cryother-
apy. The early scan shows necrosis of the rectal muscularis 
but persisting mucosal enhancement. One month later (b) 
there were symptoms of fistula, and the enhanced images 
demonstrate the posterior fistulous tract between the pros-
tate and rectum (arrow). (c, d) Two-month post-contrast 
and 1-year sagittal short tau inversion recovery (STIR) 

images in a 66-year-old man treated with whole-gland 
HIFU for recurrent tumor after low dose rate brachyther-
apy. The early scan shows good coverage: confluent 
necrosis occupying the whole prostate (note the low- 
signal defects from the brachytherapy seeds). A year later 
the STIR images show fluid tracking into the symphysis 
(arrows): an anterior fistula. Symptoms were minimal, 
possibly because urethral stricture meant long-term man-
agement with a urethral catheter

33 Posttreatment Surveillance Using Multiparametric Magnetic Resonance Imaging



436

tau inversion recovery (STIR) sequences, with 
dynamic gadolinium sequences in the axial 
plane; the latter may sometimes show the 
enhancing walls of a fistulous track when the 
other sequences do not.

 Late Scans

 Imaging After 6 Months

After thermal ablation, necrosis has usually 
resolved by 6 months [11], and the enhancing rim 
seen on imaging between 2 and 5 months is no 
longer visible [10, 19]. The treated volume will 
be replaced by low-signal, fibrous tissue that 
shows delayed, moderate enhancement after gad-
olinium (as with fibrosis elsewhere in the body 
[38, 39]). If there has been previous radiotherapy, 
the resorption will usually take longer, and we 
generally do not image until 1 year. Although 
there is little published data, we have observed 
that an inflammatory-type response is seen in the 
surrounding untreated prostate (often including 
the contralateral peripheral zone), with moder-
ately prominent enhancement that may persist for 
several years after treatment.

Once the necrotic tissue has been resorbed, we 
are in a position to detect residual tumor, which 
has similar signal characteristics to before the 
treatment: T2 low signal, early-peaking enhance-
ment, and restricted diffusion [40]. Because the 
fibrotic, treated part of the gland will also be of 
low signal, T2 sequences are of relatively reduced 
utility, and it is essential that a full multiparamet-
ric scan is performed. We will not go into detail 
on the protocol, except to say that T2-, diffusion-
weighted, and dynamically enhanced scans 
should be obtained, with minimum standards for 
resolution recently described in the ESUR guide-
lines [21]. Restricted diffusion should be assessed 
on both the apparent diffusion coefficient (ADC) 
map and a long b image; the latter is crucial 
because fibrosis (similarly to the anterior fibro-
muscular stroma) may show apparent restriction 
on the ADC map. It will not, however, be cellular 
and will therefore not show the same high signal 
as tumor on long b images [41]. Similarly, tumor 

will stand out from its fibrotic surroundings early 
after contrast [40], though there is a problem at 
the margin that is especially acute in focal ther-
apy: reactive enhancement is likely to be most 
intense close to the site of the treatment and may 
be very difficult to distinguish from tumor, so 
that diffusion sequences may be more specific, 
although less sensitive [40] (The voxel size for 
diffusion images is considerably higher than 
dynamically enhanced scans optimized for ana-
tomical information [42].)

The most likely location of the residual tumor 
depends on the technique used. For HIFU, ante-
rior tumors may be difficult to target accurately, 
and a margin of safety around the sphincter 
means that undertreatment of inferior lesions 
may be more likely [43]. For the same reason, to 
avoid rectal injury, posterior recurrence may be 
more likely after cryotherapy.

After whole-gland radiotherapy, there is a 
reduction in prostate volume and loss of zonal 
anatomy, with a general reduction in T2 signal in 
the peripheral zone [44] (Fig. 33.4); the changes 
after focal radiation therapy have not been 
described in detail, but are likely to be similar: 
focal atrophy and loss of T2 signal.

 Published Results for Detection 
of Tumor After Ablation

Much of the data for detecting recurrent tumor 
after ablation comes from treatments of the whole 
prostate. These data should be extrapolated to the 
focal setting with caution, because the back-
ground may be almost universally “dark” or 
fibrotic, making tumor easier to see. There is lit-
tle doubt that T2 sequences are of little utility 
alone, so that diffusion- weighted and dynami-
cally enhanced scans both become useful. The 
relative contribution of each in the context of 
whole-gland HIFU was studied by Kim et al. in 
2008 [40]. In 27 patients, with analysis by sex-
tant, T2 and diffusion sequences had a sensitivity 
of 66 % and specificity of 76 % for residual 
tumor. Enhanced images detected more tumors 
but were less specific (sensitivity 83 %, specific-
ity 66 %). This is not a surprising result, given the 
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widespread enhancement that can persist for 
years after ablation in non-fibrotic prostate at the 
margin.

In another study of enhanced MRI after whole-
gland HIFU, the performance of MRI was similar 
to absolute prostate-specific antigen (PSA) value 
for the detection of residual tumor (sensitivity 
75 % and specificity 76 %) [45], and these figures 
are similar to the performance of PSA (with a cri-
terion of nadir +1.2 ng/ml) in an online whole-
gland HIFU registry (sensitivity 78 %, specificity 

79 %) [46]. Finally, Rouviere et al. have shown 
that a strategy of MRI-targeted sampling is pos-
sible and effective, with cores directed to MR sus-
picious areas much more likely to be positive than 
systematic sampling, and 22 % of positive sam-
ples only found on MRI-directed cores [47]. This 
study serves to emphasize that surveillance biop-
sies can have false negatives too and that the use 
of biopsy as a gold standard to assess imaging 
techniques or PSA is problematic, especially if 
untargeted [5]. Spectroscopy has been studied in a 

Fig. 33.4 Salvage HIFU in a 64-year-old man after radio-
therapy. (a–d) T2, dynamically enhanced, ADC map, and 
b1400 diffusion-weighted images in a man with a rising 
PSA after radiotherapy. The tumor is hard to distinguish on 
T2 because of a generalized loss of signal and loss of zonal 
differentiation seen after radiotherapy. It is best seen 
(arrow) on the enhanced sequences and is moderately con-
spicuous on diffusion. (e, f) One-month and 6-month post-
contrast images after radiotherapy. Note the persisting 

necrosis (black arrow) on the left at 6 months and new 
enhancement on the right. While some diffuse enhance-
ment is common after HIFU (see Figure 33.1f), this is more 
focal and suspicious for tumor. (g–j) T2, dynamically 
enhanced, ADC map, and b1400 diffusion-weighted 
images 9 months later. The necrosis on the left has resolved, 
and no recurrent tumor is visible on this side (a small punc-
tate focus of enhancement is vascular). The tumor on the 
right has enlarged and was Gleason 3+4 at biopsy
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group of ten patients after HIFU and detected 
three out of four recurrences at 4 months, but the 
group was small and it is likely that, as elsewhere, 
spectroscopy is time-consuming and expensive 
and will not add significantly to a full multipara-
metric MRI [42, 48].

It is likely that the results for focal HIFU will 
favor MRI (with persisting, potentially inflamed 
residual prostate, the PSA may be less reliable 
and prone to increase with an enlarging gland), 
but there is currently little evidence for the per-
formance of MRI in this context. In one small 
study of focal HIFU, multiparametric MRI 
showed “signs of residual cancer” in nine men, 
with biopsy confirmed residual tumor in seven; 
there were two false negatives [49]. These results 
are encouraging but preliminary.

There is no data for the performance of MRI 
after focal cryotherapy. In a study using T2 
sequences and spectroscopy after whole-body 
cryotherapy, all eight patients with residual tumor 
on biopsy were identified, although there was a 
false-positive rate of 29 % [50]. We are skeptical 
that this high sensitivity would be replicated in an 
era of focal therapy for relatively small tumors, 
and a recent study comparing the effects of add-
ing spectroscopy, diffusion imaging, and dynamic 
enhancement to T2 sequences after radiotherapy 
showed that spectroscopy was far inferior to dif-
fusion and dynamic-

enhanced sequences and “needs to be 
improved” [51].

 Changes After Radiotherapy

As with ablation, there is little data on the perfor-
mance of MRI after focal radiotherapy tech-
niques. We know that after whole-gland 
treatment, contrast markedly improves the detec-
tion of recurrent tumor, with one study showing 
sensitivity and specificity of 72 % and 85 % for 
dynamically enhanced MR compared to 38 % 
and 80 % for T2 sequences [52]. Another group 
has shown that the addition of diffusion-weighted 
images to standard T2 images markedly improved 
performance (with the area under curve [AUC] 
increasing from 0.61 to 0.88) [53], and a study of 

T2-, diffusion-weighted, and enhanced MRI in 
13 patients analyzed by prostate quadrant showed 
AUCs for the detection of tumor of 0.77 and 0.89, 
improving considerably to 0.86 and 0.93 if only 
cancer core lengths ≥3 mm were considered pos-
itive [54]. These figures are at least as high as 
those for MRI in the pre-biopsy diagnostic set-
ting [55], emphasizing that the low-signal back-
ground after radiotherapy can make tumors 
relatively conspicuous.

As with post-ablation imaging, it is clear that 
T2 images must be augmented with additional 
sequences, but is a full multiparametric MRI nec-
essary? A recent study examined the effect on 
diagnostic performance after radiotherapy of 
adding ADC maps, long b diffusion images, and 
dynamically enhanced images to standard T2 
sequences; only the long b images significantly 
improved performance [56]. This fits with our 
experience: long b images of good quality are an 
essential part of diffusion-weighted imaging 
[21]. Kim’s group obtained the best accuracy 
using T2-, diffusion-weighted, and contrast- 
enhanced images [57], and it is likely that as in 
the primary diagnostic setting [21], dynamically 
enhanced scans add accuracy to the “bedrock” 
MR sequences of T2 and diffusion. This is con-
firmed by a recent study showing that the best 
sensitivity for residual tumor was obtained with 
T2-, diffusion-weighted, and enhanced imaging 
combined [51].

Although there is an early study of robotic ste-
reotactic radiotherapy [17] showing changes in 
quantitative parameters, no results have yet been 
published for the performance of MRI in surveil-
lance after focal forms of radiotherapy.

 Ultrasound for Local Recurrence

As in the primary diagnostic setting, microbubble- 
enhanced ultrasound is less established and 
almost certainly less effective than MRI for the 
detection of cancer in the prostate [58], but there 
is one interesting study of its performance after 
prostatectomy, showing that in ten patients the 
addition of microbubble contrast improved the 
performance of ultrasound to the same level of 
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MRI [59]. This is, however, likely an effect of a 
relatively “dark” background after prostatec-
tomy: we expect that ultrasound after focal ther-
apy will be considerably more challenging.

 Nuclear Medicine Studies

It is clear that fludeoxyglucose (FDG) positron 
emission tomography (PET) is of lower sensitiv-
ity than MRI for the detection of tumor after 
prostatectomy or radiotherapy, but choline PET 
improves performance (though not approaching 
MRI) [60], and prostate-specific membrane 
antigen- based agents are likely even better [61]. 
It may be that the addition of the newer PET 
agents to MRI improves performance, but it is 
unlikely to be to a degree that justifies the radia-
tion exposure of PET in a surveillance protocol.

 Conclusion

The number of directly relevant results (showing 
the utility of MRI in surveillance after focal ther-
apy) is tiny, and the case for using it as a primary 
method of surveillance after focal treatment is 
based on its performance in the detection of 
tumor in the untreated prostate and after whole- 
gland therapy. Nevertheless, MRI is very attrac-
tive compared to the imprecision of PSA and the 
morbidity and cost of repeat biopsy, and it has the 
great potential advantage of enabling targeted 
biopsy of any recurrence. It is, therefore, an inte-
gral part of the recommended trial design in sev-
eral recent international consensus projects [29, 
62, 63]. Many of these trials will include routine 
posttreatment MRI and biopsy, and we hope that 
by the next edition of this book, we can replace 
“tiny” with “small.”
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 Introduction

The awareness for prostate cancer has increased 
during the last decades, and due to earlier detec-
tion and “screening” programs, a stage shift has 
been observed to earlier stages of prostate cancer. 
However, in the screening programs, it has been 
demonstrated that overtreatment of the prostate 
cancers detected at an earlier stage is of a major 
concern, and this has led to the concept of active 
surveillance [1, 2]. The ideal patient and optimal 
strategy for active surveillance are still under dis-
cussion. Most patients are selected for active sur-
veillance based on prostate-specific antigen 
(PSA) level, number of positive biopsy cores 
(minimum of eight cores), and biopsy-based 
Gleason score. Since these three determinants are 
not representative for the true tumor volume and 
tumor aggressiveness, some advocate more 
extensive biopsy protocols and/or imaging using 

multiparametric magnetic resonance imaging 
(mpMRI), which could indicate if there is, in 
fact, a very low-risk prostate cancer. However, in 
case a small volume of intermediate-risk prostate 
cancer is found, the question of focal therapy 
arises, since whole-gland treatment can induce 
bothering side effects, e.g., incontinence, erectile 
dysfunction, or rectal problems. The question 
arises if focal therapy should only be offered to 
patients with a unifocal tumor and several con-
sensus meetings have addressed this topic. 
Throughout the years, some consensus projects 
have advised widening the indication for focal 
therapy to treatment of the index lesion only, 
leaving insignificant tumors untreated [3, 4]. The 
approach for focal therapy applied has, of course, 
implications for the chance of recurrences and 
follow-up of the patients.

Focal therapy can be applied using several 
approaches, high-intensity focused ultrasound 
(HIFU), cryotherapy, irreversible electroporation 
(IRE), TOOKAD®, brachytherapy, etc. [5–9].

In these studies, follow-up after the proce-
dures has not been long enough to determine 
which approach is optimal concerning side 
effects and oncological outcome. Therefore, it is 
of utmost importance that all focal therapy 
approaches are being registered and there should 
be close follow-up in order to determine the 
 outcome of the different approaches not only 
oncological and functional but also to identify 
failures and the successive (salvage) treatments.
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Consensus meetings on focal therapy have 
been organized in order to speak the same lan-
guage in determining what is considered focal 
therapy, how the follow-up should be organized, 
and how treatment failure is defined. The differ-
ent definitions will be discussed together with the 
possible treatment approaches in case a recur-
rence or persistence is found.

 Focal Therapy

 Approach

The definition of focal therapy and selection 
of patients is important in order to decide 
which salvage treatment could be instituted in 
case of failure.

The concept of focal therapy is not widely 
accepted for localized disease since prostate can-
cer is in the majority of cases multifocal and cur-
rent imaging is not accurate enough to identify 
all lesions. Multiparametric MRI is believed to 
be able to identify the index lesion (driving the 
disease), but evidence is insufficient to com-
pletely rely on this enhanced imaging modality 
alone [10, 11].

Therefore, systematic biopsies are advised in 
order to identify the right candidate for focal 
therapy. Based on these data, different focal ther-
apy protocols have been described: treatment of 
all identified lesions, hemiablation, subtotal abla-
tion, and treatment of the index lesion alone even 
in case of multifocal disease [12]. Again, which 
approach is the best remains to be established. 
Based on the initial workup (imaging or system-
atic biopsies) and treatment protocol, failure rates 
can be different, because significant cancers can 
be missed.

 Follow-Up Investigations

The surveillance following focal therapy is not 
uniform, although most of the clinicians dealing 
with focal therapy were part of consensus meet-

ings. Ideally, most patients have strictly local dis-
ease, and the chance of identifying disease spread 
outside the prostate in the short-term after focal 
therapy should be negligible. PSA in the follow-
 up is not really helpful, since focal therapy by 
definition deliberately leaves PSA-producing 
prostatic tissue or even insignificant tumor foci 
untreated. Nevertheless, some series have 
reported the American Society for Therapeutic 
Radiation and Oncology (ASTRO) or Phoenix 
criteria to define success or failure [13].

However, these criteria have been devel-
oped for the follow-up after external beam 
radiotherapy (EBRT), and these were never 
validated for focal therapy. Others used the 
Stuttgart definition evaluated in patients who 
underwent HIFU [14].

The role of imaging during follow-up has not 
been clearly investigated, but in the consensus 
meeting it was proposed as standard follow-up 
investigation. Multiparametric MRI is the imag-
ing modality of choice [15].

Suspicion for tumor persistence is based on an 
early enhancing area on the dynamic contrast 
sequence and residual restricted diffusion in the 
treated area. Contrast-enhanced ultrasound is not 
an established method to accurately identify local 
recurrence or failure, but the fusion of MRI and 
transrectal ultrasound (TRUS) is considered use-
ful to target the suspicious site with confirmatory 
biopsies. A promising imaging tool for identify-
ing local recurrences or persistent disease could 
possibly be the gallium (Ga) positron emission 
tomography(PET)/computed tomography (CT) 
scan [16].

According to the consensus meeting from 
2015, suspicious areas on imaging should be 
confirmed by biopsies to identify failure or 
recurrence [15]. This was a modification from a 
previous consensus meeting where systematic 
biopsies were advised [17]. In the terminology 
derived from this consensus project, an impor-
tant concept that needs to be appreciated during 
follow- up is “ablation failure,” which means 
that the applied technique did not eliminate the 
cancer [15].
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 Salvage Therapy

Salvage focal therapy was defined as a treatment 
following biochemical recurrence after whole- 
gland treatment with curative intent or in the 
same region of the prostate when a previous focal 
therapy had been performed [15]. This is a bit 
confusing since these are two different situations, 
but here we will focus on the situation where ini-
tial focal therapy failed. In case of the so-called 
selection failure, meaning focal therapy was indi-
cated for a patient that showed locally advanced 
or even metastatic disease early during follow-
 up, it is obvious that invasive or systemic treat-
ment is indicated.

There are currently no protocols and/or guide-
lines on how to treat failure of focal therapy 
within or outside the treated zone. It seems logi-
cal that these patients should be treated with 
whole-gland treatment (radical prostatectomy, 
repeat whole-gland ablation, or radiotherapy). 
However, there are many scenarios that could be 
applied to the individual patient depending on 
time to recurrence/failure, site of failure, grade 
and volume of recurrent disease found, and initial 
treatment. The whole range of treatment modali-
ties could be applied:

 1. Active surveillance in cases that would have 
been regarded as candidates for active surveil-
lance had this been the initial presentation, 
i.e., low volume, low-risk disease

 2. Re-focal therapy in or outside treated zone if 
only a few biopsies show prostate cancer of low 
or intermediate grade/risk (Gleason 3+3/4), 
with the same or different energy source

 3. Radical treatment (radical prostatectomy, 
whole-gland repeat ablation, brachytherapy, 
or external beam radiotherapy)

 4. Watchful waiting in case of comorbidity and 
thus short life expectancy

At this moment in time, there are no firm data 
on each of these second-line treatments, and also 
there is no recommendation from consensus 
meetings. This implies that salvage following 
focal therapy is based on individual parameters 
and patient and doctors’ preference. Analogous 

to focal therapy for renal cancer, a second focal 
treatment seems possible [18].

The optimal salvage focal approach depends 
on the initial treatment and location of the tumor. 
Especially apical lesions pose a problem for 
HIFU, because the sphincter mechanism could be 
jeopardized. Repeat whole-gland HIFU has been 
reported to be feasible, although it may carry an 
increased risk of urinary side effects, specifically 
incontinence [19, 20].

Salvage EBRT and radical prostatectomy and 
active surveillance following focal therapy have 
been anecdotally described in the results of IRE 
and HIFU trial reports [7, 21, 22].

However, there is little data from larger series 
applying these salvage treatment options follow-
ing focal therapy. Van den Bos et al. reported no 
significant increased morbidity or complications 
performing radical prostatectomy in 16 patients 
following IRE in a phase 2 study [23]. But at this 
moment there are not many reported data about 
oncological and/or functional outcome data for 
salvage therapy following focal therapy.

 Discussion

It is clear that focal therapy for prostate cancer is 
still in its infancy and we need many more data 
about the selection criteria and follow-up proce-
dures to determine if the treatment was success-
ful. Important is registration and using uniform 
language in communicating the results of the dif-
ferent treatment modalities. The same applies for 
the second-line treatments following failure of 
the initial focal treatment; timing, approach, and, 
again, side effects of salvage treatment should be 
registered in order to determine which treatment 
results in the best outcome with the least number 
of side effects.
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 Introduction

Focal therapy (FT) in prostate cancer (PCa) has 
gained increasing popularity due to the mini-
mally invasive procedure, low patient morbidity, 
function preservation, and good oncological 
 control. The evidence behind focal therapy is 
growing exponentially with already more than 60 
ongoing trials in 2014 [1], exploring the opportu-
nities for FT in treatment-naïve localized PCa 
and salvage therapy for recurrent or residual PCa.

This chapter focuses on the development and 
the current status of PCa therapy guidelines and 
tries to position focal therapy for localized PCa 
by answering the following questions:

• What is needed for a prostate cancer therapy 
to be included into guidelines?

• How do current treatment options meet these 
requirements?

• Do focal therapy studies proceed according to 
these requirements?

• Are we there yet?
• Are randomized controlled trials really needed 

to get into the guidelines?

 What Is Needed for a Prostate 
Cancer Therapy to Be Included 
into Guidelines?

The ideal PCa therapy is defined by effective and 
complete PCa elimination at low morbidity. The 
treatment modality needs to spare important 
 anatomical prostate-related structures (e.g., neu-
rovascular bundle, urinary sphincter, rectal wall, 
and urethra), preserving urinary, rectal, and erec-
tile function. Consequently, the treatment would 
not impair patients’ quality of life. The procedure 
needs to be easily and safely executed with a low 
risk of complications, a short length of hospital 
stay, and low economical costs. Lastly, the ther-
apy should be applicable and appropriate for a 
large patient population.

For new prostate cancer treatments, data 
regarding treatment safety, efficacy, and long- 
term oncological and functional outcomes needs 
to be validated in large (multicenter) comparative 
randomized controlled trials (RCTs), comparing 
the accepted segments of prostate cancer thera-
pies (e.g., radical prostatectomy, radiotherapy) 
with this new treatment. Due to the indolent 
nature of most PCas, follow-up would preferably 
be 10 years and over.
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 How Do Current Treatment Options 
Meet These Requirements?

Current curative treatments by guideline are sur-
gical radical prostatectomy (RP), external beam 
radiation therapy (EBRT), and brachytherapy—
all proven to be effective and safe treatment 
options for localized PCa [2, 3]. The other treat-
ment option is active surveillance (AS), postpon-
ing and selecting definitive treatment for patients 
who are in need of curative treatment [3, 4]. 
These treatments will be evaluated on the afore-
mentioned (ideal) requirements for a PCa therapy 
to get into international guidelines.

 Radical Prostatectomy

Traditionally surgical radical prostatectomy (RP) 
has been performed for low- to high-risk PCa, rang-
ing from early, organ-confined PCa to extracapsular 
extended PCa. At present it is one of the recom-
mended treatments with curative intent for all PCa 
risk groups, and salvage RP has been performed in 
recurrent PCa following radiotherapy [5].

 Procedure Execution 
and Complications
Surgical RP can be performed through open, lap-
aroscopic, or robot-assisted surgery. For robot- 
assisted laparoscopy, the mean operative time is 
210 min, whereas for conventional radical pros-
tatectomy, this is 163 min [6]. The length of 
 hospital stay varies remarkably among different 
countries and ranges from 3 to 7 days [3, 6]. 
Among the intraoperative and perioperative com-
plications of RP are anastomotic leakage, dam-
age to adjacent structures/organs, ileus, bleeding, 
and infection [7].

 Oncological Results, Functional 
Outcomes, and Quality of Life
Since FT is nowadays recommended for low- and 
intermediate-risk PCa, the following results will 
focus on low and intermediate PCa only. The 
Scandinavian Prostate Cancer Group Study 
Number 4 (SPCG-4) and Prostate Cancer 

Intervention Versus Observation Trial (PIVOT) 
show important evidence concerning the poten-
tial benefit for survival. Between 1989 and 1999, 
the SPCG-4 study randomly assigned 695 men 
with localized PCa to either watchful waiting or 
RP, and mean follow-up was 13.4 years (range 
3 weeks to 23.2 years). For low-risk PCa the 
SPCG-4 study showed a significant decrease in 
all-cause mortality and distant metastasis at 
18 years. Yet, this was not the case for PCa- 
specific mortality [8]. The PIVOT trial randomly 
assigned 731 men with localized PCa to watchful 

waiting or RP between 1994 and 2002, and mean 
follow-up was 10.0 years (range 7.3–12.6 years). 
For low-risk PCa the PIVOT trial found compa-
rable results on PCa-specific mortality at 10 years 
and found no significant decrease in all-cause 
mortality after RP [9].

In intermediate-risk PCa, the SPCG-4 study 
found a significant decrease in all-cause mortal-
ity, PCa-specific mortality, and distant metastases 
at 18 years after RP [8]. However, the PIVOT 
trial did not show a significant decrease in PCa- 
specific mortality at 10 years after RP [9]. In a 
prospective non-comparative longitudinal trial, 
Mendhiratta et al. included 1864 men with low- 
risk (55.5 %), intermediate-risk (35.3 %), and 
high-risk (9.2 %) localized PCa treated with RP 
between 2000 and 2013 to investigate the effect 
of RP on PCa-specific mortality (mean follow-up 
9.1 years, range 9 months to 13.2 years). These 
authors found a relative risk for PCa-specific 
mortality at 10 years of 0.9 % for low-risk and 
1.0 % for intermediate-risk PCa [10].

Erectile dysfunction, urinary toxicity, and 
bowel dysfunction are common side effects after 
RP, all progressing over time. In a long-term fol-
low- up study after RP, urinary incontinence was 
seen in 18.3 % of all men at 15 years after their 
RP (n = 1164), urinary dripping or leakage was 
seen in 17.3 % whereas the rate of erections 
insufficient for intercourse increased to 87 % 
[11]. Of all men studied, 21.9 % reported rectal 
toxicity (bowel urgency, pain, frequent bowel 
movements) after 15 years [11]. Understandably 
these side effects have a detrimental impact on a 
patient’s quality of life [12].
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 Follow-Up Regimen
Follow-up consists of regular prostate-specific 
antigen (PSA) monitoring and digital rectal 
examination (DRE). The American Urological 
Association (AUA) guideline determines two 
sequential PSA levels ≥0.2 ng/mL as recurrent 
disease after RP [13]. However, Antonarakis 
et al. illustrate that biochemical recurrence is not 
always associated with the development of dis-
tant metastases [14]. They performed a retrospec-
tive analysis of 450 men treated with RP between 
1981 and 2010 that developed biochemical 
 recurrence (PSA ≥ 0.2 ng/mL) and received no 
treatment before developing metastases (median 
follow-up 8.0 years after RP and 4.0 years after 
biochemical recurrence). At the end of follow-up, 
29.8 % had metastatic disease and the median 
metastasis-free survival was 10.0 years. PSA 
doubling time and pretreatment Gleason score 
were independent risk factors for disease 
 progression [14].

 Applicable to Large Patient Population 
and Economic Analysis 
Li et al. showed that there were 1,310,373 newly 
diagnosed cases of PCa in the USA from 2001 to 
2007 of which 81 % presented with localized 
PCa—all possible candidates for RP [15].

From 2003 to 2013, Leow et al. performed a 
cohort study of 629,593 men undergoing RP for 
localized PCa in the USA. They concluded that 
direct hospital costs in the first 90 days after 
treatment were higher for robot-assisted RP than 
for open RP: $14,897 vs. $9558 [16]. In addition, 
Hughes et al. retrospectively analyzed the post-
operative health resource and secondary care 
costs in 10,565 patients at 1080 days after their 
RP in the UK, comparing robot-assisted laparos-
copy to conventional laparoscopy and open sur-
gery. Median total costs for patients after open 
surgery were $5972 at 1080 days after the inter-
vention, $4912 for patients after robot-assisted 
laparoscopy, and $5374 for patients after conven-
tional laparoscopy [17].

 External Beam Radiation Therapy

External beam radiation therapy (EBRT) is one of 
the treatment options for localized PCa and is per-
formed by using intensity-modulated radiotherapy 
(IMRT) alone or in combination with image-
guided radiotherapy (IGRT). IMRT enables the 
distribution of radiation doses around complex 
and irregular target volumes. IGRT visualizes 
organ movement, aiming to improve tumor con-
trol and reduce treatment toxicity [7].

 Procedure Execution 
and Complications
Anatomical data of the tumor, prostate, and sur-
rounding tissues need to be collected in a three- 
dimensional (3D) treatment planning system in 
order to determine the clinical target volume and 
the required safety margin. Dose-volume histo-
grams maximize the doses to the areas at highest 
risk [7].

Acute gastrointestinal grade ≥2 toxicity is 
present in approximately 29 % of patients after 
conformal techniques (combining IMRT and 
IGRT) for the treatment of PCa and acute genito-
urinary grade ≥2 toxicity in 38 %. Gastrointestinal 
toxicity most frequently involves painful defeca-
tion, cramps, tenesmus, and mucous discharge; 
genitourinary toxicity is most often presented as 
painful urination, straining, incontinence, and 
increased frequency (≥12/day) [18]. Among gen-
eral complications, fatigue is the most common 
complaint with a peak level at the end of 
treatment.

 Oncological Results, Functional 
Outcomes, and Quality of Life
The Prostate Testing for Cancer and Treatment 
(ProtecT) trial will present randomized data com-
paring radiotherapy to radical prostatectomy and 
active surveillance in the future, but results are 
not yet available [19]. Randomizing patients for 
radiation therapy with conventional dose (60–
70 Gy) or dose escalation (range 74–80 Gy) has 
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shown a significant superiority on 5-year 
 biochemical disease-free survival rates for the 
dose escalation cohort [20]. From 1994 to  
2001, 1979 patients with T1b-T2b PCa and 
PSA ≤ 20 ng/mL were included (36 % low risk, 
53 % intermediate risk, and 11 % high risk) and 
randomly assigned to radiotherapy plus short-
term androgen deprivation therapy (ADT) (987 
patients) or radiotherapy alone (992 patients) 
with a mean follow-up of 9.1 years. The PCa-
specific mortality was 8 % in the radiotherapy 
alone group, while this was 4 % in the radiother-
apy plus short-term ADT group. The 10-year 
overall survival rate was more favorable in the 
radiotherapy plus short- term ADT group (62 % 
vs. 57 %). However, the reductions in overall and 
disease-specific mortality were only significant 
in intermediate-risk patients [21]. A study by 
Bolla et al. has shown that in high-risk localized 
PCa long-term ADT is required for optimal dis-
ease control [22].

Zelefsky et al. included 561 patients between 
1996 and 2000 with localized PCa (36 % low 
risk, 46 % intermediate risk, and 18 % high risk) 
who were receiving IMRT with a dose of 81 Gy 
(mean follow-up 7 years, range 5–9 years), and 
53 % of cases received neoadjuvant short-term 
ADT. The National Cancer Institute Common 
Terminology Criteria for Adverse Events toxicity 
scale was used to score late toxicity. The 8-year 
actuarial likelihood of late grade ≥2 urinary tox-
icities was 15 %, and for rectal toxicities this was 
1.6 %. In this cohort 72 % had erections suffi-
cient for intercourse before IMRT. Erectile dys-
function developed in 49 % of these men [23] but 
has been reported to be up to 60.8 % 2 years after 
RT [11]. Another series by the same authors on 
the incidence of late rectal and urinary toxicities 
after conformal radiation therapy and IMRT for 
localized PCa found that the presence of acute 
symptoms was a significant risk factor for experi-
encing late toxicity. Late rectal and urinary toxic-
ity was seen in 42 % of the patients with a history 
of acute symptoms (10-year incidence) versus 
9 % in patients without a history of acute symp-
toms [24]. The prospective longitudinal study of 
Sanda et al., published in the New England 
Journal of Medicine, shows that EBRT 

 significantly affects health-related quality of life 
(HRQoL). From 2003 to 2006, they included 202 
patients receiving EBRT alone and 90 patients 
receiving a combination of EBRT and ADT. At 
1 year after EBRT, 11 % of patients had moderate 
or worse distress due to urinary toxicity whereas 
for rectal toxicity this percentage was 9 % [12]. 
Furthermore, ADT is associated with negative 
effects on multiple QoL domains [12].

 Follow-Up Regimen
The follow-up after EBRT consists of PSA testing 
at 3, 6, and 12 months after treatment, continuing 
every 6 months until 3 years and then once  
per year [7]. PSA levels decrease slowly after 
EBRT. Evidence showed that a PSA nadir <0.5 ng/
mL is associated with a beneficial outcome [25], 
although there is no consensus about the optimal 
posttreatment PSA level. According to the 
Phoenix criteria, biochemical failure occurs when 
PSA levels rise >2 ng/mL above the nadir [26].

Zumsteg et al. performed a retrospective anal-
ysis of 2694 patients with low-risk (21.9 %), 
intermediate-risk (47.8 %), and high-risk (30.3 %) 
localized PCa treated with EBRT (in 53.8 % 
combined with ADT) from 1991 to 2008. During 
follow-up, 609 patients (22.6 %) experienced 
biochemical failure (9.5 % low risk and 37.8 % 
intermediate risk), and median time to biochemi-
cal failure was 57 months. Interestingly, of these 
patients only 47 % developed clinical metastases 
5 years after biochemical failure (no risk groups 
reported), and the median period to PCa-specific 
mortality was 10.5 years since biochemical fail-
ure. PCa-specific mortality after biochemical 
failure was 18 %; however, no risk groups were 
reported [27].

 Applicable to Large Patient Population 
and Economic Analysis
EBRT can be offered to all different risk groups 
in localized PCa. IMRT is an expensive radical 
treatment for localized PCa. Yong et al. devel-
oped a Markov model for the economic evalua-
tion of IMRT for localized PCa, conducted from 
the perspective of the Canadian health care 
 system. The costs of radiation treatment using 
IMRT were Can$14,520 (2009; US $12,800). 
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However, total costs increased to Can$60,138 
(2009; US$53,400) after addition of radiotherapy 
toxicity costs and other costs (diagnostic tests, 
surgical procedures, long-term care, etc.) [28]. 
However, in patients with intermediate- and 
high-risk PCa, EBRT is combined with, respec-
tively, short- and long-term ADT, expanding 
costs even more.

 Brachytherapy

Guided by ultrasound, brachytherapy implants a 
radioactive source into the prostate using a trans-
perineal approach. The tumor receives the maxi-
mum dose of radiation while radiation exposure 
to normal structures is minimized. Brachytherapy 
can be divided into low-dose rate (LDR) and 
high-dose rate (HDR) brachytherapy.

 Procedure Execution 
and Complications
Patients with low-risk and favorable intermediate- 
risk localized PCa are most qualified for LDR 
monotherapy. In patients with intermediate- or 
high-risk localized PCa, both LDR and HDR 
brachytherapy can be administered [7]. LDR 
brachytherapy will then be combined with sup-
plemental EBRT [7] or neoadjuvant ADT [29]. 
HDR brachytherapy can be used as monotherapy 
or as a boost in combination with EBRT [30]. 
Genitourinary and gastrointestinal toxicity are 
the most common complications after bra-
chytherapy. Baseline sexual, bowel, and urinary 
functional levels significantly influence the 
severity of complications [31]. The majority of 
patients experience acute urinary toxicity after 
brachytherapy, although these complaints resolve 
slowly in most men [32, 33].

 Oncological Results, Functional 
Outcomes, and Quality of Life
There are no randomized controlled trials (RCTs) 
available comparing brachytherapy as monother-
apy for localized PCa to other treatment options. 
Taira et al. included 1656 men with low-risk 
(34.7 %), intermediate-risk (36.7 %), and high- 
risk (28.6 %) localized PCa who underwent LDR 

brachytherapy monotherapy or a combination 
with ADT (37.6 %) or EBRT (49.8 %) from 1995 
to 2006, followed during a mean period of 7 years 
[34]. Cause-specific survival (CSS) at 12 years 
was 99.8 % for low-risk, 99.3 % for intermediate- 
risk, and 95.2 % for high-risk PCa. Tumor grade 
appeared to be the strongest predictor of CSS 
[34]. Two smaller trials combining HDR brachy-
therapy with EBRT for the treatment of localized 
PCa found a CSS of 98 % (n = 309, 67 patients 
low risk, 109 intermediate risk, 133 high risk) 
after a mean follow-up of 5 years [35] and a CSS 

of 97 % (209 patients, 33.5 % low risk, 44 % 
intermediate risk, and 22.5 % high risk) after a 
mean follow-up of 7.25 years [36]; however, fol-
low- up in both trials was short.

Kittel et al. included 1989 men with low-  
risk (61.3 %), intermediate-risk (29.8 %), high- 
intermediate- risk (4.5 %), and high-risk (4.4 %) 
PCa treated with LDR brachytherapy as mono-
therapy between 1996 and 2007 and followed 
them prospectively (mean follow-up 6.8 years) 
[37]. Severe late genitourinary toxicities were 
present in 7.6 % of patients, while gastrointestinal 
toxicities were present in 0.8 % [37]. Sanda et al. 
performed a prospective multicenter analysis of 
1201 localized PCa survivors, included between 
2003 and 2006 (median follow-up 30 months) 
[12]. Of the patients, 306 men were treated with 
brachytherapy, of whom 59 % had low-risk, 39 % 
intermediate-risk, and 1 % high- risk localized 
PCa. Rates of poor sexual function were 47 % at 
2 months and remained high at 2 years (46 %); 
30 % of patients reported sexual functions as a 
moderate to big problem. Urinary toxicity caused 
moderate to worse distress in 18 % of patients at 
1 year after brachytherapy. Moderate to worse 
distress rates for rectal toxicity were 9 % at 1 year 
after treatment [12]. Functional outcomes after 
LDR and HDR brachytherapy have been shown 
to be comparable [30].

 Follow-Up Regimen
PSA testing after brachytherapy is complex since 
benign prostate tissue remains and therefore it is 
uncommon that PSA levels will decrease to zero. 
The appearance of benign “PSA bounces” com-
plicates the diagnosis of biochemical recurrence 
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even more. Interestingly, Stone et al. performed 
post-brachytherapy prostate biopsies in 185 
patients 2 years after LDR mono-brachytherapy 
(inclusion period from 1990 to 1998) [38]. 
Patients were offered repeat prostate biopsies 
annually if the first set of prostate biopsies was 
positive or if PSA progression occurred. Negative 
biopsy rates increased over time: 82.2 % at 
2 years rising to 92.4 % at 8 years. This study is 
performed in a small patient population, but these 
data implicate that the interpretation of PSA lev-
els 2 years after treatment may be unreliable to 
evaluate the actual effect of brachytherapy on 
PCa [38].

According to the Phoenix criteria, biochemi-
cal failure is defined by a PSA rise of ≥2 ng/mL 
above the nadir PSA [26]. However, repeat biop-
sies are generally performed to evaluate the pos-
sibility of a PSA bounce. There is no consensus 
about the cause and clinical consequences of 
PSA bounces, but the main concern is that they 
are diagnosed and treated as biochemical failure. 
The time of appearance can be helpful in distin-
guishing PSA bounces from treatment failure 
since often they occur significantly earlier  
(15–17 months vs. 34 months) [39].

 Applicable to Large Patient Population 
and Economic Analysis
Brachytherapy is applicable to a large patient 
population, although treatment for intermediate- 
and high-risk PCa requires a combination of 
brachytherapy with either hormonal treatment or 
EBRT, affecting patient morbidity and treatment 
costs. Furthermore it is important to pay careful 
attention to appropriate patient selection based 
on preoperative characteristics. A large prostate 
gland (>60 cm3) is a relative contraindication to 
LDR and HDR brachytherapy [30, 40, 41] since 
it is associated with a higher treatment-related 
morbidity (especially acute urinary retention). 
However contraindicative evidence for HDR 
brachytherapy is less convincing [42]. Other fac-
tors that may constitute a relative contraindica-
tion for both LDR and HDR brachytherapy 
include preexisting urinary symptoms, prior rec-
tal or prostatic surgery, pelvic radiotherapy, and 
inflammatory bowel disease [30, 43].

Average cumulative direct costs during the 
first 6 months of treatment were $7588 for 
brachytherapy monotherapy. Calculated accumu-
lated costs over 5.5 years for men across all risk 
groups were $35,143 using a hypothetic model. 
According to the hypothetic model used by these 
authors, all other radical treatments were more 
expensive than brachytherapy [44].

 Active Surveillance

Active surveillance (AS) is an alternative option 
to radical treatments, focusing mainly on low- 
risk PCa. By stratifying the risk for PCa-specific 
mortality, patients with a low mortality risk are 
prevented from overtreatment and treatment- 
related morbidity or complications. Patients  
are strictly monitored by serial PSA testing and 
repeat prostate biopsies, differentiating patients 
with latent PCa from patients with disease pro-
gression who are in need of treatment with cura-
tive intent.

 Procedure Execution 
and Complications
Eligible patients have low-risk PCa, defined by a 
clinical stage T1/2, PSA < 10 mg/L, or PSA den-
sity <0.2 mg/L and one or two positive prostate 
biopsy cores (<50 % involvement) with sum 
Gleason score of 6 [45]. Different follow-up regi-
mens exist, with the Prostate Cancer Research 
International Active Surveillance (PRIAS) study 
performing PSA measurements every 3–6 months 
and repeat biopsies at 1, 4, and 7 years after diag-
nosis [45]. Since AS is not active or invasive 
therapy, patient morbidity or treatment-related 
complications are very low. The most frequent 
complications are related to repeat biopsies and 
include prostatitis, bleeding, and urinary reten-
tion [2]. In the SPCG-4 trial, patients were evalu-
ated on psychological distress during watchful 
waiting by use of a standardized questionnaire 
every 6 months for 2 years followed annually up 
to 8 years. Anxiety and worrying for the future 
was less common in the RP cohort compared to 
the watchful waiting cohort (OR: 0.60; 95 % CI, 
0.38–0.96) [46]. However, another Dutch series 
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showed that anxiety and distress scores were 
favorable in AS compared to other PCa treat-
ments, whereas poor shared decision-making and 
a neurotic personality were negatively correlated 
with anxiety and distress [47].

 Oncological Results, Functional 
Outcomes, and Quality of Life
At present, only data is available from premature 
randomized controlled trials comparing AS with 
radical treatment. However, long-term data exist 
on PCa-specific mortality of low-risk PCa when 
comparing watchful waiting with RP. The 
SPCG-4 trial [8] included 695 men with low- 
grade (61 %), intermediate-grade (23 %), and 
high-grade (5 %) PCa (11 % unknown), follow-
 up was up to 23.2 years (median 13.4 years). 
PCa-specific mortality was 99/348 (28 %) in the 
watchful waiting cohort, compared to 63/347 
(18 %) in the RP cohort with a relative risk of 
0.56. Eight men needed to be treated in order to 
prevent one death, but this ratio improved with 
age <65 years and higher tumor grade. Another 
series in the PIVOT study [48] randomized low- 
risk (40 %), intermediate-risk (34 %), and high- 
risk (21 %) PCa patients (5 % missing data) to 
either RP or observation, follow-up was 10 years. 
Of the 364 men assigned to RP, 21 died from PCa 
(5.8 %), and in the observation group, PCa- 
specific mortality was 31/367 (8.4 %), showing 
no significant difference in PCa-specific mortal-
ity between RP and observation after 10 to 
12 years of follow-up.

A patient on AS has improved functional out-
comes when compared to either radiotherapy or 
RP, with lower rates of urinary incontinence, 
erectile dysfunction, and bowel complaints. 
Overall health-related quality of life was similar 
for AS and radical treatments [49–51].

 Follow-Up Regimen
Follow-up consists of serial PSA testing and 
repeat biopsies. A major pitfall for AS is the 
inherent understaging and undergrading of cur-
rent PCa diagnostics. In a study by Heidegger 
et al., 197 patients diagnosed with low-grade PCa 
by 10 or 15 scheme systematic transrectal ultra-
sound (TRUS)-guided prostate biopsies received 

a RP [52]. These patients were eligible for  
AS (according to the European Association of 
Urology guidelines for PCa) [2]. Whole-mount 
pathology showed upgrading in 41.1 % (40.1 % 
Gleason sum score 7 and 1 % Gleason sum score 
8) [52]. Sub-analysis showed that the number of 
prostate biopsies taken did not influence under-
grading. In a bigger series, constituting 10,287 
patients receiving a prostatectomy for low-risk 
PCa (Gleason sum score 6), tumor grade was 
upgraded in 44 % of the cases to Gleason sum 
score 7 or higher [53].

In a study by Guzzo et al., 172 patients who 
met the criteria for AS and were scheduled for 
RP, preoperative endorectal magnetic resonance 
imaging (MRI) with T2-weighted sequences 
(from 1991 to 2007) was performed [54]. Of the 
patients, 49 % had a suspected lesion on MRI, 
but this was not predictive for upgrading or stag-
ing on whole-mount pathology [54]. However, 
no dynamic contrast-enhanced imaging was per-
formed (no multiparametric MRI [mpMRI]), and 
the image quality of current mpMRI has drasti-
cally improved. Yerram and colleagues per-
formed an mpMRI of the prostate in 800 patients 
(from 2007 to 2011) and identified suspicious 
lesions in 125 patients [55]. TRUS/MRI fusion- 
guided prostate biopsies were performed and 
showed no cancer (62 %), Gleason sum score 6 
(30 %), and Gleason score 3 + 4 = 7 (8 %). No 
Gleason 4 + 3 or higher was found. Of the 48 
patients with PCa, 30 were eligible for AS. Fifteen 
patients opted for surgical intervention (eligible 
for AS and non-eligible for AS), and final histo-
pathology did not show any upgrading or extra-
capsular extension nor seminal vesicle invasion 
[55]. This may indicate the potential of TRUS/
MRI fusion-guided prostate biopsies to reduce 
PCa understaging or undergrading; however, the 
current negative predictive value of mpMRI is 
suboptimal, and even in expert centers, clinical 
significant disease may be missed [56].

 Applicable to Large Patient Population 
and Economic Analysis
In a sub-analysis of the Surveillance, Epide-
miology, and End Results (SEER) database, 
132,606 men with newly diagnosed (2004–2006, 
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non-metastatic) PCa were evaluated on clinical 
T-score, PSA, and Gleason score to classify this 
cohort according to the D’Amico risk classifica-
tion; 44,071 (33 %) were excluded from analysis 
due to unavailable data (either cT-score, PSA, or 
Gleason score). In total 32,566 (37 %) men were 
classified to have low-risk PCa (eligible for AS), 
whereas 28,961 (33 %) and 27,011 (30 %) had 
intermediate- and high-risk PCa, respectively [57]. 
It has been estimated (SEER database) that 
220,800 new cases of PCa were diagnosed in the 
USA in 2015, resulting in a total of 81.696 (33 %) 
potential AS candidates in the USA only.

The economic analysis of AS is complicated 
due to the prolongation of treatment due to the 
indolent nature of PCa in a significant amount of 
AS patients. The cumulative direct costs for the 
first 6 months were $2586 for watchful waiting, 
which is far below the direct costs of radical 
treatment. However, when a hypothetical model 
was used, including the costs for (repeat) prostate 
biopsies and a follow-up period, total costs at 
5 years were estimated to be $22,000 and lifetime 
costs between $25,000 and $30,000, which is 
comparable to brachytherapy or RP [58].

 Do Focal Therapy Studies Proceed 
According to These Requirements?

Focal therapy (FT) for PCa emerged as alterna-
tive minimally invasive treatment with curative 
intent for primary localized PCa. The rationale of 
focal (ablative) treatment derived from impaired 
functional outcomes after whole-gland treatment 
(RT or RP). The aim of FT is to spare important 

adjacent anatomical structures to preserve erec-
tile, urinary, and rectal function while maintain-
ing oncological control by eradicating PCa 
lesions. FT can be performed on either a target or 
zonal basis (quadrant, hemi-, or hockey-stick 
ablation). Techniques used for ablative therapy 
include cryosurgery, high-intensity focused ultra-
sound (HIFU), irreversible electroporation (IRE), 
vascular-targeted photodynamic therapy (VTP), 
radiofrequency ablation (RFA), (interstitial) laser 
ablation, and microwave ablation. In order to 
objectively position FT to the guidelines, FT will 

be evaluated on the same aforementioned (ideal) 
requirements for a PCa therapy to get into the 
international guidelines, and outcomes will be 
compared to the accepted segments in the PCa 
Guidelines.

 Procedure Execution 
and Complications

Prior to the FT procedure, it has been recom-
mended that patients will undergo mpMRI  
(with MR-guided biopsies) and/or transperineal 
template- mapping biopsies for patient selection 
and to obtain disease topography for adequate 
treatment planning [59, 60]. TRUS, TRUS- 
mpMRI (cognitive) fusion, and in-bore MRI are 
imaging modalities used for FT treatment guid-
ance. The actual procedure is different for res-
pective ablative modalities, which have been 
described in detail and standardized elsewhere 
[61–64], but total procedure time generally lasts 
about 1 h and is usually performed during a 
1–2 day admittance. The most frequent compli-
cations seen after FT are urinary retention (from 
0 to 17 %), urethral stricture (from 0 to 5 %), and 
urinary tract infections (from 0 to 17 %), although 
many of the available phase I–II trials reported 
these complications inconsistently [65].

 Oncological Results, Functional 
Outcomes, and Quality of Life

In a systematic review on primary and salvage 
focal therapy, including 30 nonrandomized con-
trolled trials (25 primary FT) with a total of 2350 
cases, current available evidence and ongoing tri-
als were assessed on study quality, patient selec-
tion, and functional and disease control outcomes 
[65]. Primary FT for localized PCa was per-
formed with cryosurgery (n = 6), HIFU (n = 12), 
VTP (n = 1), photothermal therapy (n = 3), RFA 
(n = 1), and focal brachytherapy (n = 1), and one 
trial performed FT with different ablative modal-
ities. Patient characteristics (n = 2232) include 
median age of 56.5–73 years, PSA levels of 
3.76–24 μ(mu)g/L, Gleason sum score of ≤6 
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(n = 1503), 7 (n = 521), and ≥8 (n = 82) resulting 
in low-risk (n = 1109), intermediate-risk 
(n = 704), and high-risk (n = 164) PCa (some tri-
als did not mention Gleason score or risk stratifi-
cation). When post-FT biopsies were performed 
in the treated zone and/or contralateral side, posi-
tive biopsies with clinical significant disease 
were found in 0–17 %, and clinical insignificant 
disease was found in 4–50 % of patients. Since in 
the majority of these trials, follow-up was too 
short for metastatic PCa to develop (if mentioned 
at all), it was very low (0–0.3 %), and conse-
quently no PCa-specific mortality was found 
[65]. The Cryo On-Line Database (COLD) regis-
try (1997–2007) included 1160 patients who 
were treated with partial cryotherapy. Prostate 
biopsies were performed when clinical suspicion 
arose; in 43/164 patients (26.3 %), recurrent or 
residual disease was found, but this only com-
prised a small portion of focally treated patients 
43/1160 (3.7 %) [66]. Although some studies 
report biochemical recurrence by use of the 
American Society for Radiation Oncology 
(ASTRO) or Phoenix definition, it must be 
stressed that this has not yet been validated after 
FT and insufficient data are available on PSA 
velocity of untreated prostatic tissue and the risk 
of residual/recurrent PCa.

Excellent pad-free continence rates were 
found after FT (95–100 %), measured with the 
use of standardized questionnaires, whereas leak- 
free continence was found in 83–100 % of these 
patients [65]. Promising rates of erectile func-
tioning are found after FT when compared to 
radical whole-gland therapies. Erectile function 
was preserved in 54–100 % of the patients who 
had an erectile function (with or without the use 
of medication) sufficient for intercourse before 
FT [65]. In a combined analysis of three prospec-
tive trials (n = 118) on FT with HIFU for local-
ized PCa (T1/2, low to intermediate PCa), erectile 
function was assessed by use of the International 
Index of Erectile Function (IIEF-5) score. 
Although a significant drop was seen at 1 and 
3 months after FT, erectile function improved so 
that after 6, 9, and 12 months after FT no signifi-
cant changes in individual sexual domain  
scores were found compared to baseline [67]. 

The overall quality of life after FT showed no 
significant difference at 12 months when com-
pared to baseline [68]; however, data is lacking.

 Follow-Up Regimen

Oncological follow-up after FT is more challeng-
ing due to the remnants of untreated prostatic 
 tissue producing PSA with unknown velocity. 
Factors of influence include the diminished 
unknown fraction of PSA produced by the treated 
tumor lesion(s), local inflammation, and progres-
sion of benign prostatic hyperplasia (BPH) [69]. 
However, it is important to perform serial PSA 
testing every 3 months for the first year and every 
6 months for the remaining follow-up. It is rec-
ommended to perform repeat prostate biopsies 
(e.g., TRUS-guided biopsies, MRI/TRUS fusion 
biopsies, transperineal template-mapping biop-
sies, in-bore MR-guided biopsies) at 6 or 
12 months after FT or if clinical suspicion arises 
[59]. It has been shown in several studies that the 
extent of the focal ablation can be visualized with 
mpMRI after FT, with ablation-induced changes 
on T1- and T2-weighted images as well as non- 
enhancement during the contrast phase. Normally 
residual or recurrent disease will appear as an 
enhanced lesion within or adjacent to the ablation 
zone. However, it may be difficult to distinguish 
post-FT effects on mpMRI with recurrent lesions 
and likewise non-enhanced recurrent lesions may 
be missed as well [70–74].

 Applicable to Large Patient 
Population and Economic Analysis

When the previous mentioned sub-analysis of the 
SEER database is translated to FT, 70 % of all 
patients will have low- or intermediate-risk PCa 
(154,500 patients in the USA, 2015) [57]. In a 
consensus meeting on patient selection for FT, it 
has been agreed that FT should ideally be per-
formed in patients with cT1c-T2a, Gleason sum 
score ≤7, and PSA < 15 μ(mu)g/L [75]. Therefore, 
patient suited for FT should have unilateral, 
organ-confined PCa. In an analysis on radical 
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prostatectomy specimen (n = 1184; 1106 patients 
had Gleason sum score ≤7 on preoperative 
biopsy), unilateral PCa was found in 19.2 % of 
all patients (n = 227) [76]. This is in line with 
more recent findings, showing unilateral tumors 
in 22.5 % of all patients suitable for hemiablation 
on histopathological analysis after RP [77]. When 
extrapolating this data to the SEER data, still a 
significant part of these patients are potential 
candidates for FT. Especially when taking recent 
understandings of tumor behavior and natural 
history of PCa into account, suggesting that only 
the index lesion should be treated and clinically 
insignificant (satellite) lesions are unlikely to 
metastasize [78]. Nowadays bilateral ablative 
therapy is performed using bilateral focal abla-
tion or hockey-stick ablation extending the indi-
cation for FT.

To our best knowledge, no study exists on the 
cost-effectiveness of different ablative modalities 
used for FT, and cost analysis studies are lacking. 
In a structured literature analysis on the clinical 
effectiveness, safety, and cost-effectiveness (total 
costs and quality-adjusted life-years) of current 
PCa treatment, HIFU was reported to cost 
£19,860 (or $28,291) and was less costly than 
other ablative modalities. In terms of quality- 
adjusted life-years, which is used for the eco-
nomical assessment for medical interventions 
and include both the quality and quantity of life 
after the respective intervention, it is more effec-
tive (3.86) than EBRT (3.63) [79]. However, it is 
expected that increased experience and use of FT 
will reduce these costs significantly.

 Are We There Yet?

In Table 35.1 comparative outcomes are pre-
sented for FT and current PCa treatments [8–11, 
18, 21, 24, 34, 48, 50, 51, 65]. There are different 
ways to approach this variety of available data to 
position FT to current PCa treatment in the guide-
lines (Fig. 35.1).

When focusing on functional outcomes, FT 
can be positioned as a therapeutic option with 
excellent urinary, rectal, and erectile functional 
preservation compared to radical treatments.  

If evaluating the impact of a therapy on the 
 functional domain is the primary objective of a 
trial, short- and medium-term data is evident. 
Therefore it could be argued that distinctive and 
mature data are published on the functional out-
comes after FT. Similar to AS, FT can spare geni-
tourinary functioning, however, with curative 
intent and applicable to a bigger patient popula-
tions (low- and intermediate-risk PCa). Focal 
therapy potentially saves the majority of PCa 
patients from impaired outcomes and complica-
tions (e.g., urinary incontinence and erectile 
 dysfunction) associated with radical treatment. 
Ablative therapy is executed within 1–2 h and 
has a low complication rate, and patients are usu-
ally discharged the day after the procedure with 
no or minimal physical complaints.

If oncological control is the main objective for 
FT in low- to intermediate-risk PCa, mature and 
distinctive data are more complicated to obtain. 
As seen in the SPCG-4, surgical intervention was 
only shown beneficial (PCa-specific mortality) 
after 18 years in the intermediate-risk PCa cohort, 
whereas no significance was found in the low- 
risk group at 18 years or in neither risk groups at 
10 years (PIVOT). Consequently follow-up after 
FT should be more than 15–20 years before any 
firm statements regarding oncological control 
can be made. An interesting study design is the 
so-called ablate and resect design, in which an 
ablative procedure is performed prior to a radical 
prostatectomy to compare ablative configura-

tions with ablation zone dimensions and effective 
PCa eradication. Complete PCa ablation without 
skip lesions have been published [80], advocat-
ing safe and effective tissue ablation. The relative 
low risk of PCa-specific mortality in low- and 
intermediate- risk PCa serves as the main ratio-
nale behind AS, reserving radical treatment only 
for patients who show upgrading or upstaging—
both increasing the risk for PCa-specific mortal-
ity. It may be difficult to comprehend that it is 
acceptable (according to the guidelines) to under-
grade or understage 41.1 % of AS candidates due 
to the inherent errors of current PCa diagnostics, 
but not accept any residual (satellite) lesions after 
FT due to these same inherent errors of current 
PCa diagnostics. Especially since all radical 
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treatment options are still possible after FT as 
well as salvage FT on the untreated prostatic 
 tissue outside the ablation zone. Moreover, 
residual/satellite lesions may not be of any clini-
cal significance, as discussed extensively in 
Chap. 8 on Identifying and Characterizing the 
Index Lesion.

What is the trigger in the history of the PCa 
guidelines that defines the moment that a new 
therapy or imaging modality is included into the 
guidelines? One of the most recent active treat-
ments is brachytherapy and one may ask: What 
brought brachytherapy to that point? Brachy-
therapy has been accepted as a standard segment 
of PCa therapy without any head-to- head RCTs. 
Although it had been shown that brachytherapy 
is effective in biochemical elimination of PCa 
and the biochemical recurrence rates were low 
within the first years, no long-term (comparative) 
data were available on functional outcomes  
and oncological control. Excellent 10-year 
 post-brachytherapy PCa-specific survival was 
presented and used for the implementation of 

brachytherapy in the 2007 AUA guidelines, based 
on a study by Stock et al. [81]. However this 
study included 1561 patients of which 69 % 
(n = 1073) had low-grade, 21 % (n = 330) 
intermediate- grade, and only 10 % (n = 158) 
high-grade PCa, and of all patients 71 % 
(n = 1111) had PSA levels ≤10 μ(mu)
g/L. Consequently the results of this study may 
not be reflective for all PCa risk groups. 
Interestingly, the 2007 AUA guideline states that 
interstitial brachytherapy is an option for the 
management of high-risk PCa [3]. In line, AS has 
been included in the international guidelines 
without any comparative RCT, although one 
might argue that long-term oncological outcomes 
were available from the watchful waiting cohorts 
in the SPCG-4 and PIVOT trials. Since patients 
do not actually undergo any intervention, side 
effects and complications are consequently low.

In the same train of thoughts, one might be 
critical to the embracement of robot-assisted RP 
without evident clinical benefit compared to con-
ventional laparoscopic or open RP or the recent 

Fig. 35.1 Positioning focal therapy to current prostate cancer treatments
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utilization of mpMRI and MR-targeted biopsies 
in clinical practice in which some centers even 
propagate that no more systematic TRUS-guided 
biopsies should be taken. It is intriguing how 
some technological advancements are so easily 
accepted when, for example, there is also a sig-
nificant proportion of patients where clinical sig-
nificant disease is missed (for an overview on 
mpMRI PCa detection, see [1] and Chap. 13 of 
this book).

 Are Randomized Controlled Trials 
Really Needed to Get 
into the Guidelines?

Data from the first phase I/II trials are being 
pooled into database registries (e.g., COLD reg-
istry for cryosurgery, Clinical Research Office of 
the Endourological Society [CROES] database 
for IRE), providing large datasets on long-term 
functional, oncological, and quality of life 
 outcomes. At present, the initial experience is 
already >15 years ago, and these datasets are 
evolving into the first long-term data available, 
despite early technology and the absence of 
mpMRI for PCa lesion localization or treatment 
guidance. In a recent review by Mendez et al., 
these authors stated that there is a need for head- 
to- head (long-term) randomized controlled trials 
to provide the highest evidence for or against a 
position for FT in the international guidelines [1].

Previous comparative RCTs in early PCa have 
had difficulty recruiting patients due to a strong 
patient preference. Consequently many attempts 
resulted in early closure due to poor recruitment. 

Examples of these comparative RCTs are the 
LopeRA feasibility trial (laparoscopic vs. open 
vs. robot-assisted RP), START trial (AS vs. RP), 
SPIRIT trial (RP vs. brachytherapy), and 
SABRE-1 feasibility trial (brachytherapy vs. RP) 
[82]. Only the ProtecT trials (AS vs. RP vs. 
EBRT) included sufficient patients for their tar-
get by the use of intensive recruitment training 
and is at present in follow-up [82, 83]. Due to the 
inherent difficulty in recruiting patients, there is 
no comparative RCT available showing which 
therapy is best for low- and intermediate-risk 

PCa. Therefore one might argue it to be arbitrary 
to demand comparative RCTs on FT for the 
implementation into the current guidelines. 
Nevertheless, the first phase III trials on FT com-
menced, with VTP vs. AS, HIFU vs. brachyther-
apy, hemiablation vs. whole-gland ablation using 
brachytherapy, and focal vs. extended ablation 
with IRE [1].

In 2014 the Prostate Cancer RCT consensus 
group gathered to appoint the aforementioned 
difficulties in patient recruitment for comparative 
RCT on primary PCa treatment [84]. This expert 
panel proposed an alternative trial design, the so- 
called cohort-embedded RCT, which involves an 
observational cohort (with prospective follow-
 up) that meet the inclusion criteria for FT. This 
cohort receives a focal intervention and will be 
compared with a cohort (also meeting the inclu-
sion criteria for FT) that receives the standard  
of care (AS, RP, or radiotherapy). By use of this 
design, various ablative modalities can be evalu-
ated against the same standard of care and vice 
versa, accelerating the availability of positioning 
data for or against FT. The panel recommended 
that primary comparative objectives could be 
obtained within midterm follow-up and validity 
should be strengthened by the utilization of avail-
able long-term data of the existing database reg-
istries (e.g., COLD or CROES) [1, 84].

 Conclusion

The main objective of the PCa international 
guidelines is to provide clinicians with safe and 
effective PCa treatment options based on the best 
evidence available. The implementation of new 
therapies should include the recommendations  
of expert panels based on consensus projects, 
pooled data from available database registries, 
grade III–IV evidence, and systematic reviews. 
Based on the present literature, FT proves to be a 
safe and effective therapeutic option for low to 
intermediate PCa. Promising rates of functional 
preservation and short-term oncological control 
are found when data is compared with the 
accepted segment of PCa treatments. Data from 
the first phase I/II trials are being pooled into 
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databases, providing large datasets on long-term 
functional, oncological, and quality of life 
outcomes.

Recent developments and understanding of 
PCa behavior have revolutionized our approach 
toward lesion-specific risk assessment. Due to  
the advancements made in mpMRI technology, 
lesion characteristics can be assessed on lesion 
size/volume, topography, and morphology aiding 
both risk stratification and treatment planning. In 
an editorial, Emberton [85] signals a shift toward 
prostate-specific risk factors that can well be 
compared to the same risk assessment in AS eval-
uating patient-specific risk factors. By treating 
the prostate-specific risk factors (e.g., the index 
lesion or clinical significant lesions), the relative 
risk of prostate-specific mortality may be reduced.

To position FT in the guidelines, one might posi-
tion FT as a mediating treatment option between 
AS and radical treatment, reducing prostate- specific 
risk factors while sparing patient-specific function-
ing. Hence the burning question is: Should patients 
have the option by guidelines to choose for lesion-
based risk assessment and treatment, potentially 
saving them from overtreatment or radical treat-
ment-related toxicity?
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