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  Pref ace   

 Over the past 25 years, the average life expectancy for men has increased by almost 
4 years, and the age at prostate cancer detection has decreased by an average of 10 
years, with diagnosis being increasingly at early stages where curative therapy is 
still possible. These changing trends in the age and extent of malignancy at diagno-
sis have revealed limitations in conventional curative therapies for prostate cancer. 
This is a signifi cant risk of aggressive cancer recurrence and a risk of long-term 
genitourinary morbidity and a detrimental impact on patient quality of life (QOL). 
In some cases, radical prostatectomy can be considered an overtreatment. Though 
this approach offers superior oncological control, the majority of men will risk 
lifestyle- altering side effects and will fi nd the outcome bothersome. Greater aware-
ness of the shortcomings in radical prostatectomy, external radiotherapy, and 
brachytherapy has prompted the search for alternative curative as well as cyto- 
reductive palliative therapies that offer comparable rates of cancer control and less 
treatment-related morbidity to better preserve QOL. 

 The least invasive “therapy” of the prostate cancer (PCa) treatment spectrum is 
active surveillance, which defers treatment until PSA or biopsy indicate progres-
sion. The rational of active surveillance for low-risk, low-stage prostate cancer is 
sound; however, undertreatment is an inherent risk of active surveillance. In many 
cases, however, active surveillance is poorly adhered to by patients and physicians, 
and many seek radical treatment. This can be the result of feeling uncomfortable 
with the idea of leaving a curable cancer untreated and possibly missing the oppor-
tunity of cure. Nearly ¼–⅓ of patients leave the “active surveillance” concept 
because the “do nothing” approach carries the psychological burden of allowing a 
known cancer to affect their QOL. 

 This opens the possibility of noninvasive prostate cancer therapies like focal 
therapy. Although this approach is new for PCa, focal therapy is used extensively 
for other diseases, for instance, lumpectomy for breast cancer and cryotherapy for 
cervical carcinoma. Focal therapy for PCa is a management concept whereby active 
therapy is delivered to malignant portions of the gland, eradicating exclusively the 
known and targeted cancer while sparing unaffected tissue and reducing the mor-
bidity of treatment. It combines active treatment of the identifi ed clinical signifi cant 
disease with active surveillance of the remaining unaffected tissue and offers an 
intermediate means of active management of PCa with potentially better preserved 
QOL for the patient. 
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 There is hope that focal therapy for the treatment of PCa will maintain curative 
and survival rates comparable to those of conventional primary surgical and radia-
tion therapy. 

 In this book, we present new and promising diagnostics, stress the reason and 
arguments for the recent evolution of this new concept of focal prostate cancer ther-
apy, and present the potential application of this management approach within a 
spectrum of therapeutic options currently available for patients with localized PCa.  

    Regensburg ,  Germany      Christian     G.     Chaussy    
   München ,  Germany      Stefan     Thüroff       

Preface
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1.1           Introduction 

 The marked discrepancy of a high prostate cancer incidence and a comparatively low 
mortality we observe in the USA and the western world constitutes the core problem 
of clinicians and patients alike in the handling of newly diagnosed prostate cancer 
cases [ 1 ]. Although termed “cancer”, which evokes images of a life- threatening and 
devastating disease, its clinical courses may be highly variable, and a large fraction of 
patients will not succumb to it but die of other causes. This notion of prostate cancer 
as a “pet” version of cancer has long predominated, and into the late 1980s, it was a 
common approach, especially in Scandinavian countries but also in the UK, to spare 
patients active therapy in favour of watchful waiting. However, a few cases exhibited 
more aggressive courses that did indeed follow the widely assumed carnivore nature 
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cancer is ascribed in general. The introduction of serum PSA testing and prolonged 
life expectancy we faced in recent decades further contributed to the gradually ris-
ing awareness that prostate cancer may not only be a common age-related ailment 
that one dies with, but a potentially life-shortening disease worth treating that is 
more prevalent than thought before. These developments have induced our interest 
in the natural course of this disease, to better understand whom to treat at all and 
how to stratify optimal therapeutic options. These are recurring questions of newly 
diagnosed prostate cancer patients: Will I die from cancer? Will I need treatment? 
What are the options? Since all therapeutic options imply a certain degree of mor-
bidity that may seriously impair the quality of life (e.g. impotence, incontinence, 
etc.), the increasingly enlightened patient will fi nally ask: And what would happen 
if I did nothing? Given the fact of a still ongoing discussion of the principal valid-
ity of the term “cancer” for well-differentiated tumours (Gleason score 6) among 
experts, this must be even more puzzling to patients [ 2 ]. More recently, the validity 
of primary diagnostics has been questioned, and this point may indeed have escaped 
a wider recognition in patient circles for a longer time. Among experts it was always 
evident that prostate biopsy diagnostics provides merely an approximation towards 
the full extent of prostate cancer (as seen in radical prostatectomy specimens) and 
necessarily suffers on the one hand from sampling bias during the biopsy and on the 
other hand from interpretation bias or interobserver variability in the histological 
analysis. So fi nally, we also have to answer the patient’s question on the correctness 
of his biopsy result. Therefore, this chapter aims to provide a summary of our cur-
rent understanding of prostate cancer behaviour and the validity of our contemporary 
biopsy-based histological diagnostics.  

1.2     Epidemiology 

 In western countries, prostate cancer is a common disease among ageing men [ 1 ]. 
Autopsy series have consistently demonstrated that a considerable proportion of 
men harbour microscopically detectable foci of prostatic adenocarcinoma with 
increasing rates with age. The study of Gaynor et al. found a carcinoma incidence 
of 18.4 % at autopsy in total, approaching 40 % in patients over 80 years [ 3 ]. This 
is in good concordance with other studies. Breslow et al. described a cancer preva-
lence rate of 30 % in patients >70 years, again with a strong age dependency but 
also geographical variations, i.e. particularly high rates in Sweden and Jamaica and 
lower rates in Israel and Singapore [ 4 ]. Sakr et al. reported an incidence of invasive 
carcinoma in 64 % of patients over 70 [ 5 ]. Even the early reports unite in the notion 
that the rates of detected carcinoma widely exceed the rate of carcinomas that had 
clinically become evident before. The term  latent prostate carcinoma  has been 
coined for these neoplasms that represent incidental fi ndings at autopsy and that did 
apparently not shorten the patient’s life span. It builds also the foundation of the 
widespread appreciation of prostate cancer being most commonly a harmless and 
insignifi cant cancer of older men, whereas only a minority suffers and succumbs to 
a lethal version of this disease. Only recently it has been demonstrated that even 
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these latent cancers may indeed exhibit features of aggressive disease. Gleason 
scores of 7 or higher were found in 31.6 % and this percentage even increases with 
age [ 6 ]. Since the widespread application of PSA testing in western countries intro-
duces a detection bias, this contemporary autopsy study from non-screened coun-
tries is particularly valuable. All these studies corroborate age as a major risk factor 
for the diagnosis of prostate cancer, which constitutes an increasing economical 
problem in ageing societies.  

1.3     The Natural Course of Prostate Cancer 

 The historical pathology textbook from E. Kaufmann (1911) stated on the subject of 
prostate cancer, “Of particular importance is carcinoma of the prostate. Grossly, the 
discrimination from hyperplasia can often be diffi cult, particularly since it has only 
a limited tendency to invade its vicinity and it also displays little decay. Some car-
cinomas are so small, that they can be overlooked; wasting and bone metastases 
may then be the primary symptoms” [ 7 ]. Although a bit brief, these historical sen-
tences describe a few characteristic features of prostate cancer that have not lost 
their validity. In the pre-biopsy era of Kaufmann’s statement, prostate cancer was 
often not diagnosed until (too) late, since early symptoms are lacking. The correct 
diagnosis was made, if at all, at autopsy, demonstrating extensive “ostitis carcino-
matosa”. We know now that once prostate cancer is progressing from an organ- 
confi ned to a more extensive disease, it fi rst spreads to local lymph nodes (which 
thus are sampled surgically) and later shows an unparalleled propensity for bone 
metastases, usually affecting the lumbar spine fi rst and other bones in due course. 
The fi nal step is further systemic spread with metastases to parenchymal organs, 
heralding tumour-associated death. However, the individual natural course of pros-
tate cancer is highly variable, showing marked differences that render an individual 
prognostic estimation diffi cult.  

1.4     What Can We Learn from Watchful Waiting Cohorts? 

 Several studies have investigated the clinical course of prostate cancer that has been 
treated conservatively after its diagnosis. Chodack et al. provided an early meta- 
analysis of six nonrandomised studies from different countries (Israel, Scotland, 
USA and Sweden), encompassing 828 patients with a median age of 69 years and a 
median follow-up time of 6.5 years. As expected, tumour grade and patient age 
were identifi ed as prognostic parameters for tumour-associated mortality. After 10 
years of follow-up, only 5.8 % of grade 1 patients, 6.4 % of grade 2 patients but 
41.9 % of grade 3 patients had died from prostate cancer. The authors therefore 
concluded that prostate cancer is a progressive disease, when conservatively man-
aged, but also that watchful waiting was an eligible therapeutic strategy for patients 
with grade 1 or 2 tumours, particularly if their life expectancy is below 10 years. 
Although this appears plausible, we have to bear in mind some biases in the study 
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design. Firstly, a central review of histology or cytology was not conducted; sec-
ondly, the WHO grading applied here is not used anymore; and thirdly, even patients 
that eventually received either local or systemic tumour therapy were kept in the 
study [ 8 ]. 

 Albertsen et al. provided a retrospective population-based study of either 
observed or conservatively treated prostate cancer patients with a long-term follow-
 up median of 24 years [ 9 ]. The cohort consisted of 767 men who were diagnosed 
between 1971 and 1984. The majority of cases were diagnosed by transurethral 
resections (60 %) or needle biopsies (26 %), but also cases with “simple open pros-
tatectomy” were enclosed. Age at diagnosis was 69 years and signifi cant comorbid-
ity was reported. A central review of Gleason scores ensured comparable histologic 
parameters. The results of this often-cited study provide a detailed description of 
outcomes according to patient age and Gleason scores. The data illustrates impres-
sively that cancer-specifi c mortality increases with Gleason scores, which is par-
ticular relevant to younger men, whereas with increasing patient age, the overall 
mortality becomes a confounding factor. This study, which is a sequel [ 10 ], also 
demonstrates that after 15 years of follow-up, the data does not change markedly 
anymore. The prognosis of low-grade tumours (Gleason scores 2–6) is relatively 
good, as the tumour-specifi c survival rate of 70 % of patients >70 years with Gleason 
6 cases shows. This changes abruptly with tumours of Gleason scores of 7 or higher, 
and this effect is pronounced in younger men and is ameliorated by age. Although 
this study is only younger than a decade, it is diffi cult to translate its results into 
current practice. First, these results from the pre-PSA era may not be immediately 
transferable to PSA-screened patients. Second, the initial diagnostic workup is 
inhomogeneous and is not comparable to modern needle biopsy regimens. The 
same holds true for Gleason scoring, which rarely shows scores below 6 in contem-
porary practice; possibly a second round of central review could resolve this matter. 
Third, there is a mild contamination by patients treated with prostatectomy, which 
is not a strictly conservative approach. 

 Cuzick et al. also analysed a conservatively treated prostate cancer cohort but 
involved not only histological (Gleason) grade but also tumour stage and serum 
PSA as potential prognostic parameters [ 11 ]. The cohort consisted of 2,333 men 
with a median age of 70 years, of which 1,663 were left untreated and 670 patients 
received early anti-hormonal therapy. Median follow-up time was 117 months and 
most men (>80 %) were diagnosed at age 65 or older. After 10 years of follow-up, 
24 % had died of prostate cancer and another 31 % of other causes. The detailed risk 
analysis confi rms again the prognostic value of Gleason score, which had the great-
est prognostic power of all parameters, but also serum PSA levels and tumour exten-
sion in the primary biopsy as prognostic factors. Importantly, the prognostic value 
of serum PSA was relatively independent from tumour grade, which constituted the 
basis of the mortality fi gures provided by the authors, which include patient age, 
tumour grade and PSA risk groups. It is a strength of this study that the Gleason 
score used here is up to contemporary standards, and the addition of serum PSA as 
an independent prognostic parameter in conservatively treated localised prostate 
cancer patients has merits. However, the restrictions of follow-up time, the rather 
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elderly patient population and data from other studies that have meanwhile demon-
strated the benefi ts of active treatment for localised prostate cancer somewhat limit 
the value of these results for modern patient handling. 

 Bill-Axelson et al. conducted the Scandinavian Prostate Cancer Group Study 
Number 4 ( SPCGS4 ) and compared the outcomes of watchful waiting to radical 
prostatectomy in patients with early cancer. The patients had to be younger than 75 
years and a suspected life expectancy of more than 10 years. Early cancer was 
defi ned as a localised tumour (T0D, T1 or T2) with good to moderate differentiation 
according to the classical WHO defi nition, a negative bone scan and a serum PSA 
below 50 ng/ml. In 1999, all cases were subjected to a central review of tumour 
grade according to the Gleason system. Three-hundred-forty men were randomised 
to radical prostatectomy and 348 men were assigned to watchful waiting (WW). 
After a median follow-up time (range 3 weeks to 23 years) of 13.4 years, tumour 
patient mortality, occurrence of distant metastases and the necessity of palliative 
treatment were compared. The resultant data was stratifi ed according to patient age 
and tumour risk groups. The latter were basically defi ned in analogy to the D’Amico 
risk groups:  low risk , Gleason score < 7 (or older WHO grade 1) and serum PSA 
<10 ng/ml;  high risk , serum PSA > 20 ng/ml or Gleason score >7 and  intermediate , 
all in between. The study demonstrated a signifi cantly higher cumulative general 
death rate at 18 years in the watchful waiting group (68.9 % vs. 56.1 %) with a rela-
tive risk for prostatectomy patients of 0.71 ( p  < 0.001). Also, tumour-specifi c death 
rates were higher in the WW group at 18 years (28.7 % vs. 17.7 %). Of the 247 
deceased patients in the WW group, younger age (<65 years) was associated with 
tumour-specifi c death (51 % vs. 30 %). In the group of low-risk tumours, 5.6 % of 
all WW patients experienced tumour-specifi c death; in patients with moderate 
tumour risk, 14.4 % succumbed to their tumour; and the high-risk group displayed 
8.3 % tumour-specifi c death. The authors conclude that radical prostatectomy sub-
stantially reduces patient mortality, especially in younger or intermediate-risk 
patients; however, they also acknowledge that a large proportion of long-term survi-
vors in the WW arm of their study have not required palliative treatment [ 12 ]. This 
extensive study provides a wealth of data for the current discussion on deferred or 
local therapies, even though the cohort size precludes in-depth analyses of patient 
subgroups. However, the defi nition of risk groups is not stringent, since the low-risk 
group uses an alloy of Gleason score (from 1999) and Mostofi -based WHO grading, 
and it is unclear how this Gleason grading would translate in contemporary practice 
which is based upon the ISUP recommendation of 2005 [ 13 ]. In this study, the main 
step of tumour-specifi c mortality increase according to tumour risk groups is from 
the low-risk to the moderate-risk group, suggesting that the latter would profi t more 
from active therapy. As the authors discuss, the important fi nding of patients with a 
considerable tumour load that still belong to the group of long-term survivors with-
out curative therapy underscores the importance to generate better prognostic tools 
to identify these patients prospectively. Apparently, the risk groups used in this 
study have a certain discriminative power but do not suffi ce. 

 An apparently very similar trial to compare the outcomes of radical prostatec-
tomy vs. watchful waiting was the Prostate Cancer Intervention Versus Observation 
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Trial ( PIVOT ) [ 14 ]. The inclusion criteria were nearly identical (localised cancer, 
PSA < 50 ng/ml, life expectancy >10 years, negative bone scan) but had no restric-
tions according to tumour grade. Again, a central review of tumour grade was con-
ducted and additionally PSA testing was centralised. Primary and secondary 
outcomes were overall and prostate cancer-specifi c survival. In total, 731 patients 
with a mean age of 67 years and a medium serum PSA of 7.8 ng/ml were recruited 
and randomised to radical prostatectomy ( n  = 364) or watchful waiting ( n  = 367). 
The median follow-up time of this study was 10.0 years. Comparing both strategies, 
the authors did not fi nd signifi cant differences in primary or secondary outcome, 
which needs to be interpreted with extreme caution. First, the follow-up time may 
be too short to come to signifi cant conclusions. Second, there is treatment contami-
nation in the nontreatment arm. Maybe most important, the relatively high preva-
lence of serious diseases that produced Charlson comorbidity scores of 1 or greater 
in almost half the men may signifi cantly bias the data. Notwithstanding these meth-
odological issues, this study contributes valuable data on WW patients. Overall, 
49.9 % of these had died by the end of the study. Death from prostate cancer was 
assigned in 2.7 % of low-risk patients, 10.8 % of intermediate-risk patients and 
17.5 % of high-risk patients, according to D’Amico risk scores [ 15 ]. Stratifi ed for 
Gleason scores alone, patients whose tumours had Gleason scores <7 died in 5.7 % 
(15/261) of cases, whereas higher Gleason scores conferred an increased mortality 
of 17.4 % (15/85). Again, in this study, a high rate of patients with high risk tumours 
have survived even without treatment, but the relatively short follow-up time some-
what hampers this fi nding. The earlier study of Johansson et al., who had also anal-
ysed the long-term follow-up of localised prostate cancer, recognised a markedly 
increased mortality in patients who had survived the fi rst 15 years, which also sug-
gests that longer follow-up in the PIVOT trial is advisable [ 16 ]. 

 Another study that is not exactly in the focus of this overview but ought to be 
mentioned is the European Randomized Study of Screening for Prostate Cancer 
(ERSPC) [ 17 ,  18 ]. This trial aimed to clarify the effects of screening on the course 
of clinical prostate cancer. This multinational study provided the fi rst proof that 
PSA screening reduces mortality of prostate cancer. The current update (conference 
communication, FH Schröder, Lancet 2014 in press) demonstrated a relative risk 
reduction of 21 %. The number of patients needed to screen (NNS) dropped from 
936 to 871 and the number needed to treat (NNT) to 27. This results in an absolute 
reduction of prostate cancer mortality to 1.28/1,000 men. 

 Even though all of these studies have idiosyncratic differences regarding patient 
selection (e.g. PSA screened, non-screened, ethnicity, etc.) and study design and 
follow-up time, these studies unite in the recognition of prostate cancer as a malig-
nancy that shows on average long courses with considerable individual variations 
with patient age and tumour grade as leading prognostic parameters. Serum PSA 
was not systematically analysed in all of these studies but also appears to be a major 
prognostic factor. These data also indicate that a strictly conservative approach may 
be considered for some patients, as the existence of non-treated long-term survivors 
suggests, but this decision has to be made very consciously considering patient age, 
remaining life expectancy and tumour parameters (grade, extent, serum PSA) to 
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minimise misclassifi cations. Obviously, patients with higher tumour grade and 
younger age would benefi t the most from active treatment, as they are at higher risk 
of tumour-associated death. Conversely, older patients with pre-existing morbidity 
and low-grade tumours may possibly not experience the oncologic benefi t of active 
therapy, which may necessitate a life span of over 15 years, as the data from 
Albertsen suggests. For the extremes, the decision upon the most appropriate treat-
ment strategy may be relatively easy; however, for the group of medium-aged 
patients with low- to intermediate-risk tumours, this is quite unclear. To answer this 
question, further prospective trials are needed. One of these, in which the author is 
actively involved as the coordinator of the reference pathology, is the PREFERE 
trial [ 19 ,  20 ]. This aims to compare the outcomes of patients with low to early-
intermediate- risk tumours, which are randomised either to radical prostatectomy, 
external beam radiation, brachytherapy or active surveillance. Active surveillance is 
the deliberate attempt to postpone a potentially curative therapy to the latest possi-
ble time point and thus should be not be confused with the passive concept of watch-
ful waiting. The therapeutic concept to postpone therapy has gradually evolved 
based on the long-term observational data on prostate cancer and aims to prevent 
overtreatment and to spare the patient the burden of treatment-associated morbidity 
as long as possible [ 21 – 23 ]. However, this strategy may be restricted to patients 
with low-grade tumours only and requires a well-educated and – possibly most 
important – compliant patient that obeys the follow-up regimen including repetitive 
re-biopsies. Therefore the use of active surveillance may best be placed in strictly 
controlled studies. The PREFERE trial plans to observe the patients over 13 years 
following inclusion and will not only compare patient mortality but also the quality 
of life, which is of increasing interest with growing patient awareness. A greater 
enthusiasm of practising urologists to support this study would be desirable to suc-
cessfully complete this important prospective study.  

1.5     The Concepts of Clinically Different Prostate 
Cancer Variants 

 Many authors differentiate between insignifi cant, indolent, latent and lethal pros-
tate cancer, terms that are not always used correctly. The obviously diverse clini-
cal faces of prostate and the diffi culties to predict the individual course have early 
prompted attempts to defi ne a defi nitely harmless variant of cancer that does not 
interfere with the patient’s normal life span. Stamey was among the fi rst to defi ne 
this group as “insignifi cant prostate cancer” [ 24 ]. His defi nition stemming from 
an analysis of incidental prostate cancer fi ndings in cystoprostatectomy speci-
mens included tumour grade (Gleason score 6) and a tumour volume below 0.5 cc. 
The widely used criteria for insignifi cant cancer from Epstein et al. also include 
an organ-confi ned tumour (pT2) with a tumour volume of 0.5 cc and a Gleason 
score ≤ 6 (no Gleason pattern 4!) [ 25 ]. To use this defi nition with absolute cer-
tainty would necessitate a “diagnostic prostatectomy”; hence its translation to 
needle biopsy-based diagnostics is not without problems, due to inevitable 
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sampling bias. Also, as Lawrence Klotz had pointed out recently, the cut-off of 
0.5 cc tumour volume may be too narrow and restrictive [ 22 ]. The ERSPC study 
assumed an overdiagnosis of 50 % in the screening arm in comparison to the clini-
cally detected patient group and suggested a new cut-off value of 1.3 cc to defi ne 
insignifi cant tumours [ 26 ], which equates to a diameter of 1.4 cm of an ellipsoid 
tumour, in comparison to 1 cm (0.5 cc). Apparently, there is also some defi nition 
overlap of insignifi cant, indolent and minimal prostate cancer [ 27 ]. Van der Kwast 
had recently re-analysed the issue of demarcation of insignifi cant and signifi cant 
prostate cancer and suggests fi ve hypothetical forms of prostate cancer [ 28 ]. 
 Indolent carcinomas  (type I) are supposed to remain in the latent, clinically unap-
parent phase and constitute the majority of cases found at autopsy, if carefully 
analysed.  Low-risk tumours  (type II) may stay latent for a longer time but will 
eventually be detected by PSA screening or digital rectal examination (DRE). 
Low-risk tumours with grade progression (type III) will escape the zone of latency 
earlier and become a signifi cant tumour. A fourth group of tumours, de novo high 
grade (type IV), is supposed to develop as a primary high-grade tumour and will 
stay latent only for a short while. Finally, a rare set of  early-onset tumours  (type 
V) arises in young men and will also show a more aggressive course. As tempting 
as this proposal is, it is not possible to translate this model into clinical practice in 
every instance, since the groups proposed here overlap signifi cantly. A biopsy-
detected tumour with a minute amount of Gleason pattern 4 in a 60-year-old 
patient may either belong to group I, II or III. As of yet, it is unclear if we can 
diagnose these tumour categories with certainty in each patient.  

1.6     Estimates of Prostate Cancer Aggressiveness: 
Prognostic Factors in Needle Biopsies 

 In most cases, the diagnosis of prostate cancer will have been made on needle 
biopsy following an abnormal DRE or elevated serum PSA levels; therefore, this 
overview will be restricted to prognostic factors in needle biopsy-detected cases. 
 Tumour volume  has repetitively been confi rmed as a prognostic factor, even if not 
multivariately signifi cant following radical prostatectomy [ 29 ]. Of course, the 
tumour extent sampled in systematic biopsies does correlate with tumour size seen 
after surgery [ 30 ]. Consequently, the number of positive biopsies and the tumour 
extent are predictive of adverse pathological parameters following radical prostatec-
tomy and patient outcome [ 31 ,  32 ]. 

  Tumour multifocality  is diffi cult to evaluate on needle biopsies alone, and a close 
correlation with radiological (MRT) fi ndings may be helpful to clarify this issue, but 
this is currently not a standard of care. It is long known that prostate cancer is com-
monly multifocal [ 33 ]. Byar et al. reviewed 208 prostatectomy specimens and found 
85 % of cases with multifocal tumours [ 34 ]. As can be expected, they also found 
tumour multifocality associated with other parameters of progressive disease, e.g. 
extraprostatic extension and seminal vesicle infi ltration. Rice et al. aimed to clarify 
the biological potency of unifocal tumours [ 35 ]. This is important since these rarer 
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unifocal prostate tumours appear as ideal targets for focal therapy approaches but 
have not been suffi ciently characterised. They confi rmed a rate of 8.9 % unifocal 
tumours in their cohort of 1,056 patients. Surprisingly, this highly powered study 
showed higher Gleason scores and adverse outcomes for the group of unifocal 
tumours. First, this illustrates the necessity to re-analyse previous fi ndings in con-
temporary contexts (PSA screening), but it also shows that unifocal tumours are at 
least as aggressive as multifocal tumours and should be extensively staged, before 
the option of focal therapy is considered. It can be speculated that unifocal tumours 
belong to a larger extent to the de novo high-grade group of prostate cancer. 

  Tumour grade  is the best verifi ed and strongest prognostic parameter in prostate 
cancer. The pronounced morphological heterogeneity of prostate cancer has been a 
challenge to pathologists in their attempts to categorise this tumour into biologically 
meaningful subgroups. Since its fi rst description by Donald Gleason in 1966, the 
prognostic power of grading prostate cancer primarily by its architectural patterns, 
taking this marked heterogeneity into account, has repetitively been confi rmed and 
has meanwhile become the global standard [ 36 ]. Since it was not developed to be 
primarily applied to needle biopsies at that time, minor alterations in its use were 
noticed over time and led the International Society of Urological Pathology (ISUP) 
in 2005 to convene on this matter to formulate a contemporary update on Gleason 
grading, which is now regarded as the new standard [ 13 ]. The updated Gleason 
grading according the ISUP has meanwhile been well received among practising 
pathologist. In a recent poll of the European Network of Uropathology (ENUP), 
93 % of participants reported to use this system [ 37 ]. 

 Use of the revised Gleason grade has led to certain improvements in prostate 
diagnostics. Particularly in Germany, where other grading systems had long pre-
vailed, the correct use of Gleason grading was unevenly distributed before the World 
Health Organisation (WHO) adopted Gleason grading in 2004, and the discussion 
on the introduction of the revised grading a year later has helped to promote Gleason 
grading in Germany. The ISUP grading has helped to harmonise Gleason scores 
between needle biopsies and radical prostatectomies, at the expense of a Gleason 
shift towards higher grades [ 38 ,  39 ]. Gleason scores of 5 or lower are not diagnosed 
anymore in biopsies, even though the ISUP recommendation does not explicitly 
forbid it. Some voices had criticised the ISUP update, for no urologists were 
involved in this transformation. Also, it may have a signifi cant impact on patient 
handling, as all prognostic schemes that were built using the “old” Gleason system 
may not be correct anymore. This is half true, since we have observed a Gleason 
shift in some laboratories, whereas others were less affected, if they had practised a 
more modern interpretation of the traditional Gleason patterns beforehand. In this 
sense, it is important to realise that the ISUP recommendation was not something 
totally new that creative spirits had made up at the green table but the consensus of 
common practice of opinion leaders in the fi eld, clearly with a predominance of 
northern American pathologists. That this Gleason shift may indeed be very modest 
can be seen in the data of Zareba et al., who compared Gleason scores of a larger 
cohort before and after 2005 and found signifi cantly higher scores after the ISUP 
recommendation, albeit with the minor difference of a mean Gleason score of 6.34 
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(old) vs. 6.49 (new), which is probably irrelevant and merely underscores that the 
practice has not changed markedly in this laboratory due to the ISUP publication 
[ 40 ]. Several studies have confi rmed the prognostic value of the ISUP grading and 
particularly the difference between the old and the new defi nition of Gleason pat-
terns 3 and 4 [ 39 ,  41 ]. 

 Although nuclear morphology is a prognostic factor in many grading systems of 
human tumours, the Gleason system does not incorporate this. The traditional 
German variation of the old Mostofi -based WHO grading system (“Helpap grad-
ing”) combined architectural and cytological criteria in a scoring system to derive a 
fi nal grade [ 42 ]. Although this grading system is competitive and powerful, it has 
never gained international recognition but is still widely used as an adjunct grading 
system in Germany. The fact that we do encounter problematic cases in Gleason 
grading which exhibits a marked discrepancy of a high-grade nuclear morphology 
and a low-grade growth pattern cannot be disputed. In smaller series it has been 
shown that the dual use of Gleason and Helpap grading may have added value in the 
prognostication of patients [ 43 – 45 ]. Possibly, but this is speculative, the relevance 
of nuclear morphology needs to be recognised in further studies and incorporated in 
a later update of Gleason grading. 

  Perineural invasion  (Pn1) is seen in virtually every prostatectomy specimen that 
has been carefully worked up; hence, its prognostic value is limited. This was sup-
posed to be different in needle biopsies, in which the diagnosis of Pn1 was assumed 
predictive of larger tumours on radical prostatectomy. However, many pathologists 
do not routinely search for perineural invasion or simply overlook it, e.g. mistake it 
for collagenous nodules. Harnden et al. undertook a comprehensive meta-analysis 
of studies on Pn1 in prostate cancer, which concluded that although Pn1 is associ-
ated with other poor prognostic indicators and probably hinting towards active ther-
apy, however, its independent prognostic value remains still unclear, necessitating 
further studies [ 46 ]. 

  Intraductal carcinoma  is conceptionally a post-invasive lesion that represents 
invasive carcinoma that happens to spread in pre-existing prostatic ducts. 
Morphologically, distended ducts, which retain a basal cell layer, are fi lled with 
atypical cribriform or solid tumour cell proliferates, often with a central comedo 
necrosis [ 47 ]. This propensity to spread within ducts is apparently restricted to 
tumours of high Gleason scores, which makes the correct diagnosis of this lesion 
important. This concept also implicates that the diagnosis of isolated intraductal 
carcinoma, if made with confi dence, is indicative of invasive carcinoma elsewhere. 
It is, however, not clear if immediate therapy for suspected high-grade invasive 
tumour or immediate re-biopsy is most appropriate. A small cohort of 21 cases with 
isolated intraductal cancer in the absence of invasive cancer on biopsy was treated 
surgically. In the radical prostatectomy specimens, an invasive carcinoma was seen 
in 90 % of cases and two cases had only the intraductal neoplasm. Of the invasive 
carcinomas, the median Gleason score was 8, and 37 % of specimens had a primary 
or secondary Gleason pattern of 5, which underscores that intraductal tumours are 
usually of higher grade [ 48 ]. It is, however, problematic that we do not have a uni-
versally accepted morphological defi nition of intraductal carcinoma [ 49 ,  50 ]. It can 
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be seen that some pathologists assign a Gleason score (mostly 8) even to isolated 
intraductal carcinomas, which is highly questionable, given the potential failure rate 
of >10 %. In my opinion, tumour grading should be restricted to invasive tumours. 

  Molecular prognostic markers  do currently not play a role in histopathological 
diagnosis. In challenging cases, pathologists widely use a panel of  diagnostic mark-
ers  to confi rm or rule out a diagnosis of cancer; the most commonly used are basal 
cell markers (e.g. p63, CK5/6) and positive markers of neoplastic change (e.g. 
AMACR). Apart from this, immunohistochemical prognostic markers are highly 
dubious, since they usually lack a prospective validation. It is a common miscon-
ception that markers that have been found as prognostic indicators in a retrospective 
analysis can simply be used prospectively, and it holds even true for markers that 
have repetitively been shown to be prognostic, e.g. the proliferation marker Ki-67. 
Most problematic is the standardisation of the assays, which is a true challenge for 
a semiquantitative technique like immunohistochemistry [ 51 ]. 

 The same applies for  DNA cytometry . This is a technique to determine the DNA 
content of cells that detect aberrations from the physiological state of diploidy. In 
virtually all tumours, aneuploidy is associated with increased tumour aggressive-
ness and prostate cancer is no exception here. Still, the suggested use of DNA 
cytometry to identify active surveillance patients is highly questionable, since it is 
not based on supporting data of prospective studies but on a wealth of retrospective 
studies, with the majority stemming from the pre-ISUP 2005 era [ 52 – 55 ]. Clearly, 
prospective trials are necessary to elucidate the prognostic value of DNA cytometry 
in localised prostate cancer. 

  Prognostic transcript signatures  are new diagnostic tools, which are commer-
cially available, that make use of the fact that mRNA levels can better be quanti-
fi ed in a multiplexed fashion than protein expression. It cannot be disputed that 
these tests are a highly interesting option to improve our diagnostics; however, 
further validation in prospective trials is needed to confi rm the clinical value and 
their applicability [ 56 – 58 ]. Especially, the unavoidable issue of sampling bias and 
tumour heterogeneity and its infl uence on the results of these tests need attention. It 
is not unlikely that these biases may also be strong confounders in molecular test-
ing, as has been shown for renal cancer, where either a favourable or an unfavour-
able test result could be retrieved from analysing different parts of the very same 
tumour [ 59 ].  

1.7     The Reliability of Prostate Biopsy Diagnostics: Can 
Pathology Be Trusted? 

 Despite the remarkable developments of radiological techniques, pathologists pro-
vide the tissue-based gold standard of diagnostics and remain a core discipline in 
modern oncology. But what accuracy can be expected from histopathology? What 
is the value of a second opinion? Recently, it was suggested from the ERSPC data 
that pathologists would underestimate “the true degree of prostate cancer aggres-
siveness” in 25–30 % of cases [ 60 ]. This statement is unfortunate, as it blames a 
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single discipline for the failure of a diagnostic strategy that clearly rests on two 
disciplines: one that takes the sample and the other that looks at it. Clearly, what is 
not sampled in the biopsy cannot be diagnosed by histology. It is beyond this little 
chapter to discuss the issue of sampling bias and rates of successfully detected car-
cinomas with varying schemes. In short, the number of detected carcinomas rises 
with the number of biopsies taken, however, at the expense to increase the detection 
of insignifi cant tumours. Therefore, patients should be aware that a single core of 
Gleason 6 tumour in a classical sextant biopsy has a different biological potential 
than a comparable fi nding in an extended saturation scheme [ 61 ]. But this is more 
stochastic than biology. It is a bit of a dilemma in which radiological techniques will 
hopefully be eventually helpful: the information gained about a tumour will be more 
precise with an increasing number of biopsies. The most accurate would be the 
complete analysis of the removed organ, which is of course in stark contrast to the 
aim to be least invasive. 

 The  diagnosis of malignancy  itself does not appear to be problematic. The 
introduction of diagnostic immunohistochemistry has been very helpful here. 
Still, we can expect that one to two percent of carcinomas will be overlooked, 
mostly minute foci of low-grade (Gleason score 6) tumours, often of rare types 
(e.g. pseudohyperplastic, macroacinar, foamy, etc.) [ 62 ]. Small foci of atypical 
glands (ASAP) are equally problematic, even in the hands of experts, which may 
have kappa values as low as 0.39 in this setting [ 63 ]. But since the diagnosis of 
ASAP will usually be followed by a re-biopsy, this is highly unlikely to harm the 
patient. However, a second opinion may spare the patient an unnecessary repeat 
biopsy. 

 The interobserver variability of Gleason scores has been extensively analysed in 
numerous studies. These are nicely summarised by Singh et al., who present their 
own data in the context of other studies (see their Table 5) [ 64 ]. Not surprising, 
experts in genitourinary pathology show a higher degree of concordance than gen-
eral pathologists [ 65 ,  66 ]. As one can expect from a human-based pattern analysis, 
there is a considerable interobserver variation, and the kappa values in these studies 
often revolve around 0.5–0.7, which is quite good. One must bear in mind, that 
many of these interobserver comparisons analysed a particularly tricky set of lesions 
and that the rate of correctly classifi ed cases in normal practice is unremarkable. 
This is also one of the fi rst results of the PREFERE trial that the vast majority of 
cases (80 %) that underwent the mandatory second opinion can be confi rmed and 
included in the study. Not all cases of study exclusion by reference pathology were 
due to true mistakes but also due to missing data (e.g. on tumour length) or misin-
terpretation of the pathology report by clinicians in the study centre. Clearly, pathol-
ogists have to understand the necessity to provide a detailed and thorough report on 
every biopsy received in order to convey as much information as possible. The “old 
school” approach, which may still rarely be encountered, that once a focus of carci-
noma is identifi ed anywhere in the case, the remaining biopsies can be looked at 
briefl y at low power is not suffi cient anymore – but the majority of pathologists 
know this by now.  
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    Conclusions 

 In summary, even with nowadays’ diagnostic tools, it remains diffi cult to pre-
dict the individual clinical course or to really know what will happen if nothing 
would be done therapeutically. A simple answer does not suffi ce, and this del-
egates a lot of responsibility on the shoulders of the counselling clinician and the 
increasingly knowledgeable patient to consider the interplay of the factors of the 
patient (as biological age and remaining life expectancy), parameters of biopsy 
representativity, para-clinical parameters (particularly serum PSA) and, prob-
ably most important, tumour biological parameters from the histology report 
(and possibly adjunct molecular testing in the future) in the prediction of the 
individual course. Unfortunately, this matter remains a challenge, and a simple 
answer to the initial question, what would happen if nothing would be done, 
cannot be given.     
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       Prostate cancer is usually a slow-growing cancer and mostly found in relatively old 
men. Does it need to be treated completely, can it be treated incompletely with 
maintaining good quality of life (QOL), or even can it remain untreated? To answer 
this question is not easy because the progression of the disease is diffi cult to esti-
mate and the patient’s life expectancy is unknown. But progression of prostate can-
cer can be roughly estimated with initial cancer character, such as initial 
prostate-specifi c antigen (PSA) level, Gleason score, clinical stage, or positive 
biopsy core rate. The patient’s life expectancy can be estimated from his age and 
existence of complications. When the prostate cancer seems to have an aggressive 
feature, or it rises in younger men, the disease may develop some unfavorable events 
in the future. That kind of cancer must be treated completely at the time of diagno-
sis. Most of the other patients have disease that won’t disturb their QOL or shorten 
their life and can be kept untreated and surveyed. What will you do for patients 
whose disease is diffi cult to guess whether it will commit wicked deed in the future 
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or not? Those cases may be good candidates for focal treatment. With focal therapy, 
QOL is acceptably maintained, and the life may not be shortened with the disease. 

 Does focal therapy for localized prostate cancer work just psychologically? 
Maybe no, but the answer is unknown. Focal therapy may relate to good tumor 
control. But there are no randomized studies that compare disease-specifi c survival 
of surveillance and focal therapy. 

 Do patients with surveillance have no adverse events? Not always. They some-
times have anxiety that they have cancer in their body and that it is not treated. Are 
patients who have urinary incontinence or erectile dysfunction related to radical pros-
tatectomy always unhappy? Not always. Even with treatment-related adverse events, 
patients are not always having a hard time with the symptoms and not always having 
grudge against the treatment that they have undergone. According to the research for 
health-related QOL after prostate cancer treatment with Expanded Prostate Cancer 
Index Composite (EPIC) questionnaire [ 1 ], patients who underwent radical prostatec-
tomy have low urinary function score and low sexual function score because of their 
urinary incontinence and erectile dysfunction. However, the scores for urinary bother 
and sexual bother gradually recover to previous level even though those functions are 
still low (Fig.  2.1 ). From the results of the same questionnaire, even the patients with 
lifelong adverse events showed their intention of satisfaction to the treatment. It is 
hard to tell what can make a man happy with the feeling of satisfaction.  
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  Fig. 2.1    EPIC QOL analysis of urinary function ( a ), urinary bother ( b ), sexual function ( c ), and 
sexual bother ( d ) for prostate cancer patient who underwent external beam radiotherapy (    ), radi-
cal prostatectomy (    ), and permanent brachytherapy (    )       
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 Who are the candidates for surveillance or focal therapy? How to follow the 
patients under the policy of surveillance and how to treat prostate cancer focally? 
What kinds of satisfaction can patients obtain from surveillance or from focal ther-
apy? Whose QOL is better, patients with surveillance or patients treated with focal 
therapy? What costs more? Who can live longer? There are a lot of points of pros 
and cons when discussing about focal therapy for localized prostate cancer. 

2.1     What Is Surveillance for Prostate Cancer and How 
to Perform That? 

 Prostate cancer surveillance has two different policies that can be defi ned as active 
surveillance and non-active surveillance (watchful waiting). Watchful waiting has 
meant no active treatment until a patient develops evidence of symptomatic disease 
progression. The goal of this non-interventional approach is to limit morbidity from 
the disease and therapy. Watchful waiting can be performed to patients with age 
over 75 or with life expectancy less than 15 years, any clinical stage, any PSA, but 
Gleason score may be less than 8. They usually won’t check PSA, they do not have 
repeated biopsies, and they will just have palliative treatments when they have 
symptoms according to progression of the disease [ 2 ,  3 ]. No blood drawing, no 
biopsy, and no hospital visit may relate to perfect QOL of the patients; however, 
patients are somewhat exposed to the incidence of prostate cancer death. 

 Active surveillance with selective delayed defi nitive therapy attempts to distin-
guish clinically insignifi cant cancers from life-threatening cancers while they are 
still localized to the prostate. With active surveillance, people attempt to avoid over-
treatment in the majority of the patients but also to administer curative therapy to 
selected cases. Active surveillance attempts to perform to patients with ages between 
50 and 80, clinically organ-confi ned disease, PSA less than 15 ng/ml, and Gleason 
score less than 8. They will check their PSA frequently, they will have repeated 
biopsy when their PSA rises, and they will have radical treatment when their disease 
is found as higher grade or more extensive by biopsies [ 2 ,  3 ].  

2.2     What Is Focal Therapy for Prostate Cancer and How 
to Perform That? 

 Prostate focal therapy is to treat only the cancer site in the prostate. This new policy 
for treating prostate cancer is a potential bridge between active surveillance and the 
more aggressive treatment modalities. This treatment has been defi ned as the “com-
plete ablation for all clinically signifi cant foci within the prostate using a minimally 
invasive technique with preservation of the sphincter, normal grand tissue and the 
neurovascular bundles” [ 4 ]. The sources of energy to treat cancer focally can be 
cryotherapy [ 5 ,  6 ], high-intensity focused ultrasound (HIFU) [ 6 ], both high-dose- 
rate (HDR) brachytherapy [ 7 ] and low-dose-rate (LDR) brachytherapy [ 8 ], radio-
therapy, and thermotherapy [ 9 ]. 
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 What is most important to perform focal therapy is to diagnose the character of 
cancer accurately and to recognize the exact position of the cancer site. Tumor posi-
tion can be detected with mapping biopsy [ 5 ] and image diagnosis by multipara-
metric MRI or MRS [ 10 ,  11 ]. According to histological fi ndings of prostatectomy 
specimens, 67–87 % of prostate has incidence of multifocal disease [ 12 ]; however, 
80 % of those synchronous secondary tumors occupied less than 0.5 cc volume [ 13 ]. 
Focal therapy cannot eliminate all those multifocal sites, but the destruction of the 
dominant tumor foci may be adequate to alter the clinical course of prostate can-
cer; the smaller-volume, low-grade satellite tumors that go undetected and have no 
impact on the clinical course of prostate cancer remain, just like autopsy cancer [ 14 ]. 

 Focal therapy is often performed for local recurrent cases after initial radiation 
therapy. As the conception for these cases is totally different from initial focal ther-
apy, it won’t be discussed here.  

2.3     Who Are the Candidates for Surveillance or Focal 
Therapy? 

 Criteria for both surveillance and focal therapy are similar. Low-risk prostate cancer, 
which means cancer with low potential to become advanced disease, can be con-
sidered as candidate of surveillance or focal therapy. Low initial PSA (<10 ng/ml), 
low Gleason score (<7), low clinical stage (<T2c), and small cancer volume are 
the factors for low-risk cancer. Table  2.1  shows criteria for active surveillance and 
focal therapy [ 14 ,  15 ]. Clinical stage T1or T2a, PSA <10 ng/ml, Gleason score 
<7, PSA density <0.15 ng/ml, positive biopsy core rate <33 %, and percent cancer 
involvement in biopsy core <20–50 % are the criteria mostly used. Additionally, 
patient age, life expectancy, complications, and family history for prostate cancer 
can be considered as factors to decide whether to perform surveillance or focal 
therapy.

   If the criteria for surveillance and focal therapy are similar, who are the good 
candidates for active surveillance and who are going to receive focal therapy? As 
there is no randomized study comparing these two new policies, there is no correct 
answer based on the evidence. At this point, the correct answer is a decision of each 
patient.  

2.4     What Is the Advantage or Disadvantage 
of Surveillance? 

 The highest advantage of surveillance is that the patients are not treated immedi-
ately, and some of them will not need to be treated during their life. With watchful 
waiting policy, patients do not receive any treatment for cancer. With active surveil-
lance policy, more than half of the patients live without any cancer treatments. These 
people won’t have distress from treatments themselves or adverse events caused by 
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the treatments. QOL will drop down after any kind of prostate cancer treatments, 
such as radical prostatectomy, external beam radiation therapy, brachytherapy, or 
androgen ablation therapy. If the patients do not receive any of these treatments, 
their QOL will not worsen by the treatments. But on the other hand, when watchful 
waiting patients live long until the cancer progresses and causes hard symptoms, 
patients may have distress from that and may die from cancer. Randomized com-
parison of watchful waiting and radical prostatectomy revealed higher cumulative 
incidence of death from prostate cancer in watchful waiting group [ 16 ]. 

 With active surveillance policy, patients may be able to avoid performing cura-
tive treatments or may delay the treatments. But they need frequent PSA test and 
multiple chances of biopsy, and they always need to worry about their disease 
progression. Moreover, Choo et al. [ 17 ] reported that 19 % in 2 years and 33 % 
in 4 years had disease progression, and Patel et al. [ 18 ] reported that 33 % in 5 
years and 45 % in 10 years had disease progression, and those patients are rec-
ommended to have curative treatment anyhow. As reported by Patel et al. [ 18 ], 
when active surveillance patients did not undergo proper treatment for cancer 

   Table 2.1    Criteria of patient selection for active surveillance and focal therapy in prostate 
cancer   

 Active
surveillance [ 15 ] 

 Focal 
therapy [ 14 ] 

 Johns 
Hopkins 
University 

 University
of Toronto  PRIAS  UCSF 

 Japanese 
multicenter 

 Int. Task 
Force on 
PCa a  

 cT stage  T1c  T1c  T1c or 
T2 

 T1 or 
T2a 

 T1c  T1 or T2a 

 PSA(ng/ml) at 
diagnosis 

 ND  ≤10–15 
(1995–1999) 
 ≤10 
(2000–2003) 

 ≤10  ≤10  ≤20  <10 

 Gleason score  ≤3 + 3  ≤3 + 3 (≤3 + 4 in 
men >70 years 
until 1999) 

 ≤3 + 3  ≤3 + 3  ≤3 + 3  No 4 or 5 

 PSA density 
(ng/ml/ml) 

 ≤0.15  ND  ≤0.2  ND  ND  <0.15 

 Maximal number
of posit cores 

 2  2 (total core #: 
any) 

 2 (8–12 
cores) 

 <33 % 
biopsy 
cores 

 2 (6–12 
cores) 

 <33 % 
biopsy cores 

 % cancer 
involvement 

 <50 % 
cancer in 
any core 

 <50 % cancer in 
any core 

 ND  <50 % 
cancer in 
any core 

 <50 % 
cancer in 
any core 

 <20 % 
cancer in 
any core 

   Abbreviation :  PRIAS  the Prostate Cancer Research International,  UCSF  University of California, 
San Francisco,  ND  not defi ned 
  a International Task Force on Prostate Cancer the focal lesion paradigm: proposed clinical biopsy 
and imaging criteria for focal therapy patient selection. These criteria involve image factor such as 
single lesion with a maximum size (12 mm), maximum length of capsular contact (10 mm), and no 
evidence of extraprostatic extension or seminal vesicle invasion  

2 Is Focal Prostate Therapy Just Psychotherapy? Surveillance Versus Focal Therapy



24

at the diagnosis of progression, the probability that they remain progressive is 
statistically higher than those without diagnosis of progression. Active surveil-
lance may be a feasible alternative to initial curative treatment in select patients 
with favorable, localized prostate cancer. About half of the patients remain free of 
progression at 10 years, and defi nitive treatment appeared effective in those with 
progression [ 18 ]. It is important to perceive the disease progression before it turns 
to incurable disease.  

2.5     What Is the Advantage or Disadvantage of Focal 
Therapy? 

 Focal therapy for prostate cancer is thought as a potential bridge between active 
surveillance and the more aggressive treatment modalities such as radical prosta-
tectomy, radiation therapy, etc. What is expected for focal therapy is that it may 
cure the disease without seeing any adverse events exerting some bad infl uence 
to QOL. Thus, the advantage for this treatment is that the patient can obtain good 
oncologic outcome and also favorable functional outcome. But on the other hand, 
focal therapy may not treat cancer completely or may continue to some kinds of 
treatment-related adverse events. Thus, the disadvantage of this treatment is that 
there is a possibility to be depressed after the treatment with unsuccessful cancer 
control and with patient’s functional damage. 

 As focal therapy is relatively a new policy for the treatment of prostate cancer, 
there are no data with long follow-up period. But with short-term data with limited 
number of cases, focal therapy treated with either cryotherapy [ 5 ,  6 ], HIFU [ 6 ], 
HDR brachytherapy [ 7 ], or LDR brachytherapy [ 8 ] revealed favorable outcomes, 
both oncologic and functional. With adequate diagnosis of cancer focus, focal ther-
apy with any of these devices may be able to control cancer locally. And with lim-
ited treatment area, focal therapy may not have relevance to any adverse events in 
urinary, rectal, or sexual function.  

    Conclusions 
 Active surveillance and focal therapy are both passive treatment options for 
localized low-risk prostate cancer. Criteria for both policies are similar, and there 
is no randomized study to compare these two to create clinical evidence. As PSA 
is a divine revelation for prostate cancer patients, maintaining PSA at low level 
with treatment is a good tranquilizer for them. Focal therapy may create low PSA 
with low incidence of adverse events. Then, performing focal therapy is just for 
obtaining psychological satisfaction. Randomized study may clarify this answer; 
however, eliminating the main focus of cancer may provide certain benefi t for 
disease- specifi c survival compared with surveillance. With surveillance, there is 
a possibility to miss the point of limit to start treatment not to die from cancer. 
But still there are many pros and cons.     
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3.1           Evolving Concept of Focal Therapy 

 In contemporary clinical practice, the majority of the solid organ cancers undergo 
excision or targeted ablation to defi nitively treat one or more lesions while adjacent 
healthy tissues are preserved as best as possible. However, until recently, only a few 
urologists and radiologists have questioned the status quo of defi nitive local therapy 
for prostate cancer being a radical whole-gland approach. Patients are often more 
aggressive in challenging this paradigm. The newly diagnosed prostate cancer 
patient faces a dilemma of when and how to treat their disease. Many have likely 
questioned why their doctor does not offer the attractive option of targeted focal 
therapy of the known cancer with minimizing the treatment-related side effects. 

 Ward et al. [ 1 ] stated that “In as much as focal therapy must not be an excuse to 
treat men who do not require treatment, our current inability to accurately stage 
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prostate cancer intraprostatically must not be justifi cation to marginalize or dismiss 
the approach.” 

 We believe that it is the time to make targeted focal therapy a real and responsible 
treatment option for prostate cancer. This belief is based on the various technologies 
to a focal therapy approach having evolved and advanced. These technologies are 
both diagnostic (molecular markers, imaging modalities, biopsy strategies) and 
therapeutic (ablative technologies such as HIFU and cryoablation). However, their 
evolutions have largely been independent of one another. A robust program would 
incorporate these technologies into one comprehensive platform or protocol. 

 It is hypothesized that focal therapy of prostate cancer could have a benefi cial role 
to cure or control the known cancer without compromising life expectancy while 
preserving prostate tissue and adjacent tissues, such as the neurovascular bundle or 
urinary sphincter, thereby minimizing lifetime treatment-related morbidity [ 2 ,  3 ]. 

 All defi nitive local therapies for prostate cancer are associated with a distinct 
pattern of change in quality-of-life (QOL) domains related to urinary, sexual, bowel, 
and hormonal functions [ 4 ]. These changes of QOL impact not only patients but 
also their families, most signifi cantly their spouses or partners. 

 Active surveillance (AS) has become the standard option for low-grade low- 
volume cancer [ 5 – 7 ]. Focal therapy has been suggested as an option to avoid the 
negative impact on QOL by the current standard whole-gland treatment. However, 
focal therapy is not attractive to all men and has the potential of missing signifi cant 
disease. It is worthy to debate the difference of the selection criteria for AS and 
focal therapy strategies. Certainly there will be an overlap with the treatment deci-
sion made by the patient in concert with his family and physicians. 

 Patients with intermediate and perhaps even high-risk disease may also prove to 
be candidates for focal therapy. If prostate cancer can be accurately diagnosed in 
terms of Gleason and stage, it may be possible to include such patients as well.  

3.2     Who May Have Benefit by Focal Therapy? 

 There are, in fact, many groups of patients who may benefi t from focal therapy. 
 The incidentally diagnosed low-grade, low-volume localized cancer may not 

require immediate radical treatment, being suitable for AS. However, if focal therapy 
could treat the known disease, curing or acceptably controlling the cancer, it would be 
an appealing option for men who otherwise would be suitable candidates for active 
surveillance but hold reservations of selecting no therapy against their cancer. 

 Focal therapy may also benefi t men who are already being surveyed actively by 
longitudinal observation who have repeat biopsy demonstrating progression in 
either volume or grade to a clinically signifi cant cancer. Focal therapy of the specifi c 
location of the biopsy-proven progressed cancer is an appealing less invasive option 
which may avoid the adverse effects induced by conventional whole-gland radical 
therapy. 
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 Primary focal therapy may also be effective for initially diagnosed intermediate 
risk which can be limited in the specifi c location in the prostate as long as it is 
 clinically identifi ed as an index lesion. 

 Prostate cancer is usually multifocal. However, the natural history of the mul-
tifocal diseases needs to be considered. We believe that the management of mul-
tifocal prostate cancers must be multidisciplinary and longitudinal over the 
lifetime of the patient. An important fact is that even though the patient on AS 
often has multifocal disease without clinical identifi cation of multifocal disease at 
the start of AS, the AS strategy often works at least for several years to success-
fully delay radical treatment. This indirectly supports the potential ability of focal 
therapy in the patient who has multifocal disease. Importantly, for multifocal 
prostate cancer, there is an “index lesion,” defi ned as the largest in volume or 
highest grade in the prostate which dominates the natural history of that patient’s 
prostate cancer [ 8 – 10 ]. If the index lesion was successfully controlled by focal 
therapy, the other possibly existing multifocal non-index lesions would be unlikely 
to compromise life expectancy. AS of these remained non-index cancers is appli-
cable after the successful focal therapy of the index cancer. We could hypothesize 
that such combined protocol of focal therapy with following AS would be a way 
of longitudinal minimally invasive management strategy of low-intermediate risk 
prostate cancer. 

 Few people have discussed the possible role of focal therapy in men with high- 
risk disease. The risk of locally advanced disease and/or lymph node involvement 
is not negligible in the man with non-low-risk prostate. However, focal therapy in 
conjunction with robotic-assisted laparoscopic pelvic lymphadenectomy (for pre-
cise staging and additional therapeutic benefi t) might be considerable. This may be 
an attractive option for select men with newly diagnosed high-risk cancer who 
have signifi cant comorbidities or are very elderly and who may not be candidates 
for radical invasive therapy. The role of focal therapy in this setting is worthy of 
debate. 

 Furthermore, in salvage setting, focal therapy could be benefi cial for men who 
had locally recurred cancer lesion after whole-gland radical therapy. Since the rest 
of the tissue has already been treated, focal therapy specifi cally targeting the recur-
rence offers an appealing option for men who want to minimize the further change 
from the existing QOL [ 11 ,  12 ]. 

 Immune reactivity induced and enhanced by focal ablation of the local lesions is 
a unique and promising concept [ 13 – 15 ]. This may support further expanded indi-
cations for focal therapy. The local destruction of the cancer cells results in the 
release of cell materials which were unlikely exposed before the destruction of the 
cells. Such antigen specifi c to cancer cells potentially induces the autologous 
immune system to be effective for not only local control but also systematic immune 
response to target the circulating cells or metastatic cancer cells. The future role of 
focal therapy may not be limited to only controlling local disease but may also 
involve directly or indirectly systematic therapeutics.  
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3.3     What Is Essential for Successful Focal Therapy? 

 Improved quality of imaging to visualize suspicious lesions is vital to better charac-
terize the cancer. Modern imaging, such as multiparametric MRI (mp-MRI) and 
mp-TRUS, could improve the process of prostate cancer localization and staging. 
Since the focal therapy is image-guided surgery, imaging technique is in fact an 
essential part of the surgical technique [ 16 ,  17 ]. 

 The primary challenge for focal therapy is intraprostatic staging. Specifi cally, 
precise three-dimensional (3D) mapping of the cancer lesions in combination with 
histologic characterization is essential as are information from biomarkers – most 
importantly (today) PSA. There has been signifi cant debate about the optimum 
biopsy strategy before focal therapy. Current standard prostate biopsy practices 
have signifi cant sampling errors and often do not map all existing cancer. 

 In order to maximize detection and mapping of clinically signifi cant cancers, 
contemporary researchers have discussed transperineal template mapping tech-
niques as well as image-targeted biopsy [ 18 ,  19 ]. Imaging potentially improves the 
process of cancer detection through the ability to visualize and characterize lesions. 
A higher positive rate for clinically signifi cant cancer of image-targeted biopsy- 
proven cancers in suspicious areas has been reported using evolving imaging 
modalities such as advanced TRUS technologies or multiparametric MRI. A recent 
systematic review of image-targeted biopsy using MRI reported that positive rate of 
cancer was 30 % (375 of 1,252) in targeted cores versus 7 % (368 of 5,441) in sys-
tematic cores. The effi cacy (number of clinically signifi cant cancers/number of men 
biopsied) of targeted biopsy from MRI abnormalities outperformed to that of sys-
tematic sampling (70 % vs. 40 %) [ 20 ]. 

 Since image guidance facilitates needle delivery to these sites, often missed by 
routine sextant biopsies and image-visible targets, imaging should be considered a 
key modality in maximizing the detection of clinically signifi cant cancer as well as 
minimizing the number of cores taken [ 21 ]. However, the estimation of the index 
cancer volume and prediction of contouring of the index lesion are still challenging, 
since imaging often underestimates cancer volume [ 24 – 26 ]. As such, in order to 
achieve complete destruction of the image- visible index lesion, consideration of 
image-based underestimation needs to be accounted in the planning for ideal thera-
peutic area of focal therapy. Furthermore, although macroscopic extraprostatic dis-
ease may be visualized by modern imaging [ 25 ,  26 ], there is still a challenge in 
staging of microscopic extraprostatic disease [ 22 ]. Since signifi cant percentage of 
candidate for surgery has fi nally revealed extraprostatic disease, there is defi nitive 
limitation for precise staging of microscopic extraprostatic extension in contempo-
rary practice. Clearly, improved nomogram to precisely predict the microscopic 
extraprostatic disease is awaited using modern imaging. 

 There are critical preoperative and intraoperative steps to achieve successful 
focal therapy: (1) geographically precise 3D intraprostatic localization, contour-
ing, staging and grading of cancer lesions; (2) appropriate selection of the thera-
peutic technology to achieve the patient-specifi c goal; (3) precise 
intraoperative-guided ablation to ensure treatment of the targeted lesion; 
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(4) reliable intraoperative confi rmation of destruction of the targeted cancer lesion, 
along with a margin of normal tissue if necessary; and (5) preservation of all unin-
volved periprostatic anatomy minimizing collateral functional sequelae, optimiz-
ing QOL, and establishing a longitudinal surveillance strategy of both treated and 
untreated prostate tissues [ 27 ]. 

 In the preoperative patient selection and in postoperative surveillance, reliable 
diagnostic or monitoring strategies are required, including (a) modern multipara-
metric imaging, (b) biopsy-generated data, and (c) molecular markers of various 
materials (serum, urine, and tissue). 

 For focal therapy of localized prostate cancer to be successful, we must know 
where the cancer is, using both imaging and documented biopsy. When the target of 
the index lesion is image visible, the biopsy needle as well as therapeutic probe can 
be guided in real time to the center of the visible lesion. This visibility would facili-
tate the targeted focal therapy with certain confi dence in precise targeting. However, 
modern imaging modalities may not be accurate enough to visualize all cancer foci, 
as prostate cancer is often multifocal. In the case in which clinically signifi cant 
cancer cannot be visualized by modern imaging modalities, another solution for 
achieving precise targeting is needed. This is where the three-dimensionally digi-
talized documentation of the biopsy-proven cancer location becomes essential. This 
three-dimensionally documented biopsy-site tracking is now available and will be 
instrumental in the future of focal therapy [ 17 ]. 

 Visualizing and contouring a cancer lesion is the fi rst essential step in focal ther-
apy strategy. This allows for precise image-targeted biopsy of the center of the 
lesion and subsequent precise therapeutic targeting of the lesion plus margin as well 
as “per-lesion” follow-up on the treated lesion and “per-lesion” active surveillance 
of untreated lesion. Even if a random biopsy-diagnosed cancer is invisible on imag-
ing, if that biopsy trajectory is geographically documented, we can digitally com-
pute the 3D intraprostatic location of that biopsy-proven lesion. As such, for 
tissue-preserving targeted focal therapy, sophisticated imaging and/or precise geo-
graphically documented biopsies are important. 

 Oncological effi cacy and preservation of QOL by focal therapy depend on the 
preoperative characterization of the prostate cancer and the ability of various emerg-
ing therapeutic modalities to ablate effectively and accurately. Selection criteria 
need to be determined according to the coming reports of oncological effi cacy and 
treatment-related morbidity of each therapeutic modality. In fact, we still do not 
know the best energy for focal therapy of prostate cancer. 

 Current unresolved issues also include the lack of accurate cancer-specifi c pre-
dictors of tumor characterization within the context of competing risk models and 
the limitations associated with clinically available variables such as imaging, 
biopsy-generated data, and biomarkers. 

 Preoperative accurate localization of the cancer and intraoperative precise target-
ing are vital for delivering an effective focal therapy. Intraoperative TRUS guidance 
remains the most effective imaging modality to guide intraprostatic targeting and 
has been most familiar in urological practice as well as in the urological operation 
room. Utilization of the data of mp-MRI is now becoming crucial, which is likely 
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achieved using recently evolved MR/US fusion techniques. In addition, new tech-
nology related with modern ultrasound technology, such as the real-time three- 
dimensional imagery, simultaneous biplane TRUS, US contrast enhancer, 
multi-planar display, various ablative energy techniques coupled with real-time US 
guidance, device tracking systems, and robotics, would support the several specifi c 
steps of focal therapy. When comparing the imaging between preoperative baseline 
and after focal therapy, the preoperatively documented signs in the biopsy-proven 
cancer likely disappeared, suggesting the technical success of targeted focal therapy 
in surveillance [ 28 ]. 

 As better staging and characterization of the index lesion as well as possible 
second lesion becomes possible, focal therapy will likely be offered to a consider-
able proportion of prostate cancer patients. Lifetime strategy with meticulous 
patient selection and follow-up, in the setting of well-designed clinical studies and 
registries, will be necessary for successful focal therapy [ 1 ].  

3.4     Transition Toward Focal Therapy for Tissue 
Preservation Strategy in Combination with Active 
Surveillance 

 Prior to active surveillance becoming a standard option, urologists were essentially 
only interested in the binary diagnosis of any cancer in the prostate in order to pro-
vide rationale for the immediate whole-gland prostate treatment. The major reason 
why urological surgeon offers radical surgery for patients who may be candidate of 
active surveillance has been mainly the sampling error of possible multifocal and/or 
higher-risk cancer foci in the prostate in the contemporary practice of prostate 
biopsy. Currently, nevertheless, patients who seek tissue preservation strategy of 
focal therapy are already being treated at academic and private practices, sometimes 
as part of Institutional Review Board-approved research, more often not [ 3 ,  29 ,  30 ]. 

 Every effort to decrease sampling error by conventional random biopsy tech-
nique has represented a step toward focal therapy. This progress has been critical for 
the precise characterization and localization of prostate cancer. As recently reported, 
the role of prostate biopsies has changed [ 19 ]. Their importance has evolved from 
pure cancer detection to assisting clinical patient management. 

 Focal therapy is a contemporary evolution of treatment philosophy especially in 
light of several recent observations indicating men with prostate cancer may be 
underserved. Recent study by Daskivich et al. explored the relationship between 
age, tumor risk, and comorbid disease in the survival of men diagnosed with and 
treated for localized prostate cancer in the USA and revealed that the majority of 
patients have still undergone aggressive therapy consisting of surgery or radiation, 
despite many being older and/or sicker, who were much more likely to die of some-
thing other than prostate cancer [ 31 ]. 

 Jacobs et al. looked at changes in patterns of care of low-grade prostate cancer 
from 2004 to 2009 in the USA and observed that the use of intensity-modulated 
radiotherapy and robotic surgery increased, although these newer and more 
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expensive technologies were rapidly adopted ahead of evidence to support their 
superiority compared to conventional techniques [ 32 ]. However, the possible expla-
nation for this phenomenon was suggested that there were fi nancial incentives, 
including “ownership opportunities, marketing share, and reimbursement fee,” that 
have likely driven these changes in patterns of care. 

 As urologists, we should learn from the recent alert of possible overtreatment of 
prostate cancer. We should carefully select who should be aggressively treated and 
who benefi ts from the focal therapy of prostate and/or active surveillance. It is 
important to acknowledge and understand the different approaches of focal therapy 
in which various specifi c selection criteria and its end points could be used. The 
scientifi c proof of the benefi ts for oncological and functional effi cacy in each 
selected patients in each therapeutic modality is awaited. Importantly, the door for 
future era of focal therapy of prostate cancer in conjunction with active surveillance 
of prostate cancer is open. It should be considered objectively and examined appro-
priately in order to better serve men with prostate cancer.     
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4.1     Introduction 

 Focal therapy for prostate cancer has been increasingly utilized with the goal of 
effective disease control while maximizing patient functional outcomes. Potential 
drawbacks include the risk of incomplete treatment, which may result from missed 
clinical signifi cant cancer foci and inadequate ablation to target tissues. 

 The optimal selection criteria for focal therapy are not known and therefore not 
standardized. In a recent international multidisciplinary consensus meeting, chaired 
by Dr. Peter Scardino, the following inclusion criteria were recommended [ 1 ]:

•    PSA < 15 ng/ml. Patients with PSA > 15 ng/ml should be counseled with caution.  
•   Clinical stage T1c-T2a.  
•   Pathology GS ≤ 3 + 4.     

4.2     Index Tumor and Clinical Significant Disease 

 In case of multifocal prostate cancer, there is increasing evidence that the largest 
tumor (the index tumor) drives the natural history of prostate cancer [ 2 ]. The clini-
cal importance of identifying the index tumor is related to the close association with 
extraprostatic extension (EPE) and the highest GS [ 3 ]. 

 Is unifocal disease the sine qua non for focal prostate therapy? Pathological data 
support the concept that small-volume, low-grade tumors do not worsen the progno-
sis, and consequently one could treat the index tumor and leave the secondary non-
clinical signifi cant tumor foci for surveillance [ 3 ]. Current criteria for insignifi cant 
prostate cancer in radical prostatectomy (RP) specimens include organ-confi ned can-
cer, absence of Gleason grade 4/5, or maximum tumor volume (TV) of 0.5 ml [ 4 ]. 

 Rud et al. [ 5 ] demonstrated that MRI detected 92 % of all index tumors and 86 % 
of all tumors >0.5 ml. However, 22 % had undetected secondary tumors with GS 7 
or higher, although the volumes were all <0.4 ml. 

 Since MRI cannot detect all signifi cant tumors, how can we rule out the invisible 
tumors in patients planned for focal therapy?  

4.3     Accuracy of mpMRI in Detecting the Index Tumor 
and Assessing TV 

•     MRI is the best tool for detecting the index tumor.  
•   Using MRI for estimation of TV is subject to controversy, and caution is recom-

mended when included in patient management.    

 The clinical concept of the index tumor is quite new, and very few MRI studies 
have reported the index tumor detection rates. Virtually all studies prior to 2013 
focused upon the overall detection rates, often stratifi ed according to pathological 

E. Baco et al.



41

TV. Furthermore, few studies have compared MRI and pathological TV, and only 
two studies are available for comparison [ 5 ,  6 ]. These studies reported 92 and 94 % 
sensitivity for detecting the index tumor. One reported no difference in TV, while 
the other underestimated the MRI TV compared to pathological TV. Rud et al. also 
used a 30-sector tumor map to assess the overall tumor burden. They demonstrated 
only 50 % rate of true tumor-positive sectors and 88 % true tumor-negative sectors. 
This fi nding also indicates signifi cantly underestimation of tumor burden. 

 Using MRI to estimate TV is subject to controversy because it is not clear which 
sequences to use. Furthermore, it is not clear which volume formula to use. A typical 
tumor has a dense center and several extensions in different directions. For these rea-
sons, it is not universally accepted how to measure TV on neither MRI nor pathological 
examination. Several suggestions have been proposed, including spherical or ellipsoid 
TV or the longest tumor diameter. However, none of these formulas refl ect the true TV, 
and a planimetric examination is regarded as the most accurate method, although not 
feasible in a routine clinical setting. Perera et al. demonstrated that the ellipsoid volume 
formula generated the closest match to the planimetric reference value [ 7 ]. A consensus 
meeting arranged by the Society of Urogenital Pathologists in 2011 agreed that the 
three longest perpendicular diameters and the longest tumor diameter should be 
reported when assessing the whole-mounted histological examination [ 8 ].  

4.4     How Should the MRI Be Performed? Which Functional 
Parameters Are Necessary? 

•     It is suffi cient to only include T2 and DWI for tumor detection.  
•   High Gleason score (GS) is associated with restricted diffusion.  
•   MRI provides high negative predictive values (NPV) in low-risk groups for pre-

dicting pT3.    

 There is controversy regarding how and when to perform the MRI examination. 
 When radiologists started to use MRI in the 1990s, only anatomical T1 and T2 

images were available, and the initial performance was poor compared to the cur-
rent standard. Later on, functional sequences revolutionized tumor detection rates. 
The fi rst important improvement was due to dynamic contrast-enhanced (DCE) 
MRI. Later on, diffusion-weighted images (DWI) and MR spectroscopy (MRS) 
were introduced. At the same time, stronger magnetic fi elds and better coils were 
developed. There is no evidence that 3 T magnetic fi eld improves neither detection 
nor staging compared to 1.5 T. Furthermore, there is no evidence that an endorectal 
coil improves detection compared to surface coils. 

4.4.1     Tumor Detection 

 The typical feature of a tumor on MRI is homogeneous low T2 signal and restricted 
diffusion. 

4 How Do We Select Patients Eligible for Focal Therapy? Imaging and Targeted Biopsies



42

 Restricted diffusion is indicated by a low apparent diffusion coeffi cient (ADC), 
which is known to inversely correlate with GS. In other words, higher GS features 
lower ADC. The typical feature of cancer in the DWI and ADC map is high signal 
on high b-value images and low signal in the ADC map. However, the absolute ADC 
values are highly dependent on several external factors, such as size of regions of 
interest, magnetic fi eld, b-values, and time of repetition. For these reasons, caution 
should be addressed when measuring the ADC values in a daily clinical practice. 
Despite its limitations, the ADC map is probably the most important tool for identi-
fying the area with the highest GS. 

 In 2012, the European Society of Urogenital Radiology (ESUR) recommended 
including T2, DCE, and DWI, while MRS was not included [ 9 ]. T2 is needed for 
anatomy and for better evaluating tumors in the transition zone. Many regard DCE to 
be important for improving the sensitivity, while DWI improves the specifi city. 
However, no studies have shown that DCE improves the sensitivity compared to DWI, 
and today T2 and DWI seem suffi cient for tumor detection [ 10 ]. Different post-pro-
cessing tools are also available and may help in improving tumor detection further. 
These softwares help to remove unwanted “noise” in the image and highlight features 
known to characterize a tumor (Figs.  4.1  and  4.2 ). A standardized scoring system 
(Pi-RAD 1-5) has been developed, and >3 indicates that signifi cant cancer is likely.    
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  Fig. 4.1    Images for a 64-year-old man with PSA 20 ng/ml, prostate volume 67 ml, and a normal 
DRE previously underwent three negative random Bx procedures. ( a ) T2-corrected b-max prostate 
MRI and ( b ) ADC map ( green arrows ) suggested anterior tumor in the apex. Subsequent MR-TRUS 
cognitive fused Bx combined with random sampling showed clinically insignifi cant Pca GS 6 
(3 + 3) with 2.5 mm cancer length. The fi fth Bx procedure was done by MR-TRUS elastic fusion 
( red bar ) and revealed Pca GS 7b (4 + 3) with core cancer length 13 mm (93 % core). Histological 
analyses of whole-gland step-sectioned prostate showed pT3a Pca GS 7a (3 + 4). The spatial distri-
bution of targeted biopsy ( red bar ) and targeted region ( yellow circle ) in axial ( c ) and sagittal views 
( d ) corresponded with 3D tumor location in segment 11a. ( e ) histological analysis of whole gland 
step-sectioned prostate showed pT3 PCa GS 7a (3+4). ( f ,  d ) MR-TRUS fused prostate image in 
sagittal view, where *** rectum, ** bladder, * vesicula seminalis       
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  Fig. 4.2    Images for a 59-year-old man with PSA 4.0 ng/ml and normal DRE. ( a ) T2-weighted MRI 
and ( b ) T2-corrected b-max axial MRI suggest a solitary, highly suspicious tumor with diameter 
10 mm localized in the right base ( green arrows ). ( c ) Axial real-time MR/US fusion image shows 
the suspicious tumor marked as a  red circle . Two  red bars  in this circle represent two targeted biop-
sies. Histology revealed Pca GS 7 (3 + 4) with cancer core length 10 and 3 mm. ( d ) Coronal real-
time fusion image shows the spatial distribution of all biopsies. One of random biopsies in the right 
prostate lobe ( red bar  marked with  white arrow ) identifi ed Pca GS 6 (3 + 3) with cancer core length 
8 mm. Another random biopsy in the left base ( red bar  marked with  yellow arrow ) revealed Pca GS 
8 (4 + 4) with cancer core length 3 mm.  Green bars  represent negative biopsies. This patient was not 
suitable for focal therapy and was treated by radical prostatectomy. ( e  1 – 4 ) Histological analyses of 
step-sectioned prostate concluded with pT2c Pca GS 7 (3 + 4), diameters 13 × 10 × 10 mm and 
15 × 8 × 8 mm localized in the left prostate lobe. Right prostate base harbored Pca GS 3 + 4, diameter 
10 × 5 × 5 mm. This tumor was MRI invisible. The spatial distribution of positive random biopsies 
corresponded with location and extension of index tumor and secondary cancer foci       
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4.4.2     MRI and T Classification 

 MRI offers limited sensitivity for detecting extraprostatic (pT3) disease in unselected 
patient cohorts. A recent study demonstrated 73 % sensitivity and 58 % specifi city 
for predicting pT3 [ 11 ]. In the low- and intermediary-risk group, 88 and 57 % nega-
tive predictive values were found, respectively. In other words, there is substantial 
risk for wrongfully recommending FT to intermediate-risk patients who might have 
extraprostatic extension.   

4.5     The Role of Prostate Biopsy in Patient Selection 
to Focal Therapy 

 The primary challenge in patient selection to focal therapy (FT) is assessment of the 
cancer location, TV, and GS. 

 There have been long discussions about optimal prostate biopsy technique before 
FT. Previous studies have demonstrated that traditional transrectal ultrasound 
(TRUS)-guided 12-core prostate biopsy (Bx) cannot reliably predict location and 
extent of prostate cancer [ 12 ]. Transperineal template prostate-mapping (TTPM) 
biopsy was consequently accepted as the most optimal strategy for selection to FT 
[ 13 ]. However, this approach has several serious drawbacks, the most important 
include invasiveness, spatial imprecision of needle placement in the prostate, ele-
vated risk for overdetection of insignifi cant foci, and cost of the procedure. 

 The role of prostate biopsy in selection of patients to FT is challenging and is more 
complex than simple cancer identifi cation [ 14 ]. Firstly, biopsy has to confi rm the MRI 
fi ndings and tumor extension. Evaluation of cancer invasion in the extreme apex, semi-
nal vesicles, and capsule may be diffi cult on MRI. Thus, merging of image-documented 
biopsy data with MRI fi ndings may improve the pretreatment staging. Secondly, it is 
known that MRI frequently underestimates the histopathological TV. Adding the length 
of cancer involvement on targeted biopsy to MRI measurements may potentially 
enhance the precision of the TV estimation. Thirdly, accurate GS on biopsy is impor-
tant for treatment decision-making. MRI/TRUS- targeted biopsy (TB) demonstrated 
high GS concordance in correlation with radical prostatectomy specimen [ 15 ]. 

 The prostate biopsy strategy should correspond to the purpose of the treatment. 
 Protocols used in FT have two different ambitions: The fi rst approach aims to 

perform ablation of the index tumor including the peritumoral tissue. The challeng-
ing issue is how wide peritumoral margin has to be. Functional outcomes and side 
effects of FT depend on the energy volume used in proximity of critical peripros-
tatic structures. The negative biopsies in the apex and near prostate capsule may 
advocate for apex-sparing and nerve-sparing treatments. Our results have demon-
strated that apex-sparing salvage HIFU preserves the continence in patients with 
radiorecurrent prostate cancer [ 16 ]. The irritative urinary symptoms, which fre-
quently occur after whole-gland ablation, may be avoided or shortened by bladder 
neck and/or urethra-sparing procedure. 
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 The second FT approach known as hemi-ablation of the prostate aims to com-
pletely eradicate the cancer in one lobe. In this approach, the regular distribution of 
Bx cores in non-treated lobe will improve the quality of biopsy sampling and reduce 
the chance to miss signifi cant cancer.  

4.6     Targeted Prostate Biopsy 

 Targeted biopsy (TB) of MRI-suspected abnormalities has been a common practice 
before inclusion of patient to FT. There are different ways for performing targeted 
biopsy procedure. 

 The MRI radiologists can perform the biopsy of suspicious regions within the 
MR scanner [ 17 ]. The major concern of this “in-bore” biopsy is that the patient has 
to undergo two separate MRI sessions. The biopsy procedure time is longer than the 
time needed for image acquisition. In an era where overall MRI capacity is reduced 
and the demand for TB is growing, it was important to fi nd “out-bore” modalities to 
perform TB. Actually three different categories of targeting exist [ 18 ]:

    (a)     Cognitive  ( visual )  targeting  which depends on the physician’s capability to 
visually estimate the MR suspicious area in the TRUS image at the time of Bx 
[ 19 ]. It is important to keep in mind that the urologist and radiologist probably 
have different opinions about where the boundaries of the different regions are. 
Consequently, it is diffi cult for the urologist to perform an accurate targeted 
biopsy based on a written paper alone.   

   (b)     Sensor-based registration  where a “rigid” fusion of MR and TRUS images is 
performed by a software followed by tracking of the US probe by magnetic sen-
sor. However, it does not take into account the prostate deformation and pros-
tate movement during the procedure [ 20 ,  21 ].   

   (c)     Organ - based elastic MRI / TRUS image fusion  that factors in consideration of 
the prostate and patient movements, both during the initial fusion and planning 
and during the organ tracking phase at the time of Bx [ 22 ].    

4.7       The Precision of the Different Fusion Systems 

 The diagnostic performance of visual and rigid fusion has been evaluated in two 
prospective studies where different rigid fused systems were used. No signifi cant 
difference in cancer detection rate (CDR) between the fusion modalities was found 
[ 19 ,  23 ]. It is important to note that experts in this fi eld performed visual TB. The 
authors conclude that the use of an image fusion platform may be benefi cial for 
targeting smaller tumor as well as for the urologists with limited experience in the 
fi eld of MRI and visual targeting. 
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 CDR of visual, rigid, and elastic fusion in initial Bx setting was evaluated in a 
large prospective study [ 24 ]. The results have demonstrated a signifi cantly higher 
CDR for clinically signifi cant cancers using elastic fusion. 

 The accuracy of elastic MRI/TRUS fusion in index tumor diagnostics was 
recently evaluated in clinical two-centered study which carried 110 patients [ 15 ]. 
MRI and TB results were correlated with pathological fi ndings on step-sectioned 
RP specimens. The results demonstrated that TB can reliably (≥90 %) predict loca-
tion and primary Gleason grade pattern of the index tumor with relatively limited 
estimation of index tumor volume and overall GS. Only 2 cores per index tumor 
were performed for achieving the diagnosis (Fig.  4.1 ).  

4.8     Clinical Workup of Elastic MRI/TRUS Image 
Fusion- Guided Targeted Biopsy 

 TB performed using elastic fusion is a complex procedure where fi ve consecutive 
steps are applied: (1) identifi cation of the suspicious region in pre-biopsy MRI, (2) 
online transferring of 3D MRI volume data to workstation, (3) acquisition of real- time 
3D-TRUS of the prostate, (4) MR-TRUS elastic image fusion, and (5) TB of MRI 
suspicious regions with digitalized documentation of each biopsy trajectory [ 25 ]. 

 The key of precision of this targeted procedure is based on automatic, nonrigid 
(elastic) registration technology [ 26 ]. The physician performing the biopsy main-
tains the biopsy needle after fi ring in prostate for approximately 3 s. During this 
time, real-time 3D-TRUS acquisitions are repeated, and biopsy trajectory is auto-
matically documented by software in 3D volume data of the prostate. The biopsy 
procedure is free hand based and could be performed with local anesthesia in an 
outpatient clinic.  

4.9     What Is the Role of Systematic Prostate Biopsy 
and How Can We Rule Out Invisible Tumors? 

 As mentioned in the imaging chapter, MRI is the most precise imaging tool for 
diagnosing Pca. However, nonspecifi c MRI fi ndings are frequent and need to be 
clarifi ed by biopsy. Further, MRI cannot identify all clinically signifi cant tumors, 
especially if density of tumor tissue is low. 

 Traditional TRUS-guided random Bx is regularly performed using two-plan ultra-
sound guidance. The major shortcoming of this technique is that the accurate biopsy 
needle position in the prostate cannot be documented. In case of positive biopsy 
results, precise interpretation of location and extension of cancer tissue is diffi cult. 

 A computerized 3D-TRUS system is equipped with automatic registration of 
each biopsy trajectory in 3D prostate volume. The biopsy trajectory is visible in real 
time during the biopsy procedure and allows for performing organized distribution 
of biopsy cores in all prostate segments. Using navigation technology, all prostate 
regions can be sampled [ 27 ]. 
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 Due to mentioned limitations of MRI, the systematic biopsy procedures before 
FT still have importance. However, the optimal quantity of biopsy cores and their 
geographical distribution are debated. In candidates to FT, we fi rst perform TB 
using 1–2 cores per each MRI visible abnormality. Then we perform systematic 
prostate mapping by 12 biopsy cores. Navigation system and superimposed grid 
help to localize the biopsy centrally in each prostate sextant. The accuracy of 
biopsy distribution is based on organ tracking and image-registered localization of 
each core. 

 We believe that a systematic core distribution may limit sampling error and con-
sequently reduce the risk for missing signifi cant tumors. Contrary to saturation 
biopsy procedure, this 12-core organized mapping may reduce the chance for over-
detection of micro-focal cancers. Nevertheless, the reliability of this method in 
patient selection for FT needs to be evaluated by prospective studies. 

 A digitally stored 3D registration of biopsy locations has importance for evalua-
tion of cancer extension. Each biopsy trajectory can be revisualized after histologi-
cal analyses are completed. If necessary, the specifi c prostate area could be 
retargeted, and/or additional biopsies could be localized in the previously unsam-
pled regions. Displayed biopsy cartography on computer screen or in PDF fi le can 
be discussed with the patients and their family during decision-making and consent 
focal therapy planning (Fig.  4.2 ).     
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5.1           Introduction 

 In contrast to most other imaging tools, transrectal ultrasound of the prostate 
(TRUS) has the unique advantages of infi nite access, portability, real-time imaging, 
low cost, and ease of use. TRUS technique reliably visualizes zonal anatomy, vol-
ume, and benign as well as malignant prostatic lesions like prostate carcinoma, 
which typically presents as hypoechoic areas within the peripheral zone. But accu-
rate picture interpretation requires comprehensive expertise and inevitably includes 
a high interobserver variability. Furthermore, hypoechoic gray-scale patterns in 
B-mode TRUS are not highly sensitive or specifi c for the detection of prostate car-
cinoma [ 7 ]. In summary, TRUS imaging does not achieve up-to-date requirements 
like standardization, examiner independency, and high diagnostic accuracy as a key 
challenge for modern/future prostate cancer therapy. 
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 Multiple approaches including contrast-enhanced transrectal ultrasound 
(CE-TRUS), real-time elastography (RTE), or computerized transrectal ultrasound 
(C-TRUS) have been shown to reduce technical limitations and to aid in diagnosis 
of prostate cancer by improving delineation of abnormal tissue. They have found 
that targeted biopsies obtained with augmented TRUS modalities are more likely to 
reveal prostate cancers compared to the systematic prostate biopsy [ 1 ,  4 ,  10 ]. 
Another strategy for improving prostate cancer risk stratifi cation is the use of pros-
tate HistoScanning™ (Advanced Medical Diagnostics, Waterloo BE), an ultrasound- 
based tissue characterization application [ 2 ,  3 ]. HistoScanning analysis uses 
three-dimensional (3D) ultrasound data collected from a clinical TRUS examina-
tion to visualize and locate tissues suspected of harboring prostate cancer.  

5.2     The Basic Principle and Analysis Algorithms 
of HistoScanning™ 

 TRUS images are acquired by sending out an ultrasonic pulse into the prostate. The 
scanner tracks the wave front and records the signals echoing from tissue boundar-
ies (Fig.  5.1 ). In conventional B-mode imaging, which displays the macroscopic 
features of the organ, the brightness of each point in the image represents the inten-
sity of the echo from a particular location in the prostate. However, the refl ected 
signals not only contain echoes from macroscopic tissue boundaries, but also a con-
tinuous stream of echoes emanating from microscopic features and histological 
structure of the prostatic tissue, known as ultrasound backscatter (Fig.  5.2 ). In con-
ventional B-mode gray-scale imaging, ultrasound backscatter is often fi ltered out to 
create a more appealing image. While the resolution of the backscatter image is not 
suffi cient to determine the precise prostate histology, the unfi ltered backscattered 
information contains a signature of the tissue’s underlying microstructures. The 
ultrasound backscatter properties of malignant or other suspicious tissues vary from 
that of normal prostatic tissue due to differences in, e.g., the abnormal tissue stiff-
ness, irregular growth patterns, and invasion into blood or lymphatic vessels. 
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  Fig. 5.1    Model of a 
refl ection of an acoustic 
wave at a tissue boundary       
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Displaying the information of ultrasound backscatter properties complements the 
conventional ultrasound gray-scale imaging signifi cantly.   

 HistoScanning analysis requires a continuous set of 3D ultrasound data includ-
ing the raw or native radio-frequency (RF) signals acquired from a high-resolution 
ultrasound scanner. To facilitate appropriate data acquisition and standardized 
scanning process, an external motor sweeps the ultrasound probe’s sagittal array. 
After the defi nition of volume of interest, the HistoScanning algorithm divides the 
corresponding 3D raw data into small sub-volumes called tagged units (typically 
7,000, depending on the size of the prostate). Each tagged unit is individually char-
acterized using numerical descriptors of multiparametric ultrasound backscatter 
measures of tissue, e.g., density and homogeneity of acoustical scatterers and 
irregular/unusual patterns of scattering. Finally, a statistical classifi er categorizes 
individual tagged units as normal or suspicious. Results are shown as a colored 
(red) overlay in the visualization volume displayed to the user (Fig.  5.3 ). Parallel, 
a second algorithm identifi es low-quality data, e.g., due to shadows cast by calcifi -
cations, and displays the volumes to the user as differently colored (purple) over-
lays. Finally, HistoScanning provides a quasi-3D visualization or a transversal 
slice report of the prostate with suspicious areas highlighted (Fig.  5.4 ). Based on 
these HistoScanning images, the physician is able to defi ne and locate target 
regions within the prostate. The 3D metrical report allows stereotactical guidance 
of perineal prostate biopsy procedures.    

5.3     Transrectal HistoScanning Targeted Biopsy 

 With HistoScanning TT (true targeting, TT), an additional software tool, the opera-
tor is able to defi ne specifi c locations within the 3D visualization volume for target-
ing. HistoScanning TT then provides visual feedback and instruction (rotate, tilt, 
and translate) using overlays of prostate boundaries fused with real-time TRUS. This 
allows the operator to position the transducer fi tted with needle guide so that the 
sample core intersects with the selected target.  
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  Fig. 5.2    Model of scattered 
refl ections (backscatter) in 
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5.4     Perineal HistoScanning Targeted Biopsy 

 The perineal HistoScanning-guided biopsy is performed with the patient in a dorsal 
lithotomy position under general or spinal anesthesia. A brachytherapy template 
grid fi xed to a cradle is placed next to the perineum and used as a guide. Using the 
information from the HS projection reports, the biopsy needle is directed under 
direct guidance by a triplane ultrasound probe (BK 8848 probe, Analogic Corp, 
Peabody MA, USA). Depending on local practice, template-guided systematic Bx, 
template-guided HS targeted, as well as extended mapping biopsies can be per-
formed without auxiliary procedures. 

 In comparison to the transrectal approach, the perineal biopsy technique might 
reduce variables that can infl uence the needle placement. Furthermore, longitudinal 
biopsy punches following the axis of the prostate seem to allow more accurate sam-
pling of the anterior part.  

  Fig. 5.3    3D visualization of suspicious areas,  highlighted in red or purple , following 
HistoScanning analysis       
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5.5     Current Evidence 

 Although multiple studies have shown the promise of adding HistoScanning to a 
targeted biopsy program, the value of HS is still under debate. Recent publications 
report controversial outcome of HS in routine clinical practice. De Coninck et al. 
reported fi ndings in 41/94 men who underwent a transrectal prostate biopsy supple-
mented with cognitive-targeted biopsies in suspicious regions based on prostate 
HS. The authors found that in men with prostate cancer, HistoScanning-based 
biopsy was 4.5 times more likely to detect cancer than systematic biopsy ( p  < 0.0001). 
Logistic regression analysis determined that the HistoScanning lesion volume was 
the most signifi cant predictor for positive biopsy outcomes with an odds ratio of 2.9 
( p  = 0.022) for every 1 ml increase. These results seem to be contrary to recent data 
on 198 men who received a nontargeted transrectal prostate biopsy. The retrospec-
tive correlation of histopathologic fi ndings with HistoScanning analysis in this 
cohort revealed only a low predictive accuracy (AUC 0.58) of HistoScanning [ 11 ]. 
But large discrepancy between the volume of prostate sextants and the correspond-
ing HS volume might account for a relevant sampling error. The nontargeted setting 
of the transrectal biopsy rather confounds evaluation of HS results because cancer 
detection is determined by the systematic approach, not by HS analysis. This under-
lines the necessity of detailed biopsy planning and favors alternative modalities 

  Fig. 5.4    HistoScanning reconstructs a quasi-3D volumetric grid (transversal slice report) with 
suspicious areas  highlighted . Based on these HistoScanning images, the metrical report (0.2 mm 
resolution) allows stereotactical guidance of perineal prostate biopsy procedures       
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such as perineal (targeted) biopsies. In this regard, Javed et al. report on the diagnos-
tic characteristics of HS in 57 patients who underwent transperineal template biopsy. 
Again, according to sextant analysis, no relationship was demonstrated between 
targeted biopsies of HS positive regions and the tumor burden within the corre-
sponding sextant assessed [ 8 ]. Controversially, in 80 men ( n  = 28 with prostate can-
cer) who underwent a systematic 14-core transrectal biopsy supplemented with a 
targeted transperineal biopsy (maximum nine cores per three locations), the targeted 
biopsy detected 82 % of all cancers, similar to the detection rate of the 14-core sys-
tematic biopsy [ 6 ]. Further data on targeted repeat biopsies in 97 patients showed on 
prostate sector level sensitivity, specifi city, predictive accuracy, negative, and posi-
tive predictive values of 44, 83, 80, 95, and 17 %, respectively (Hamann MF, et al. 
2014). Additionally at patient level, histopathologic analysis detects prostatitis, 
HG-PIN, and ASAP in 73, 18, and 5 %, respectively. But again, analysis of HS 
suspicious volume in this series showed no signifi cant impact on BX outcome. 
Finally, these results are supported by a small study that compared the tumor vol-
umes estimated by HS with that measured in corresponding prostatectomy speci-
men [ 8 ]. In contrast to the results from initial as well as recent validation of HS in 
radical prostatectomy studies [ 12 ,  9 ], the authors concluded that HS fails to identify 
prostate cancer accurately in the clinical setting. 

 In conclusion, HS signals allow qualitative rather than quantitative interpretation 
when transferred to biopsy planning. With respect to the high NPV throughout all 
prostate sectors, data might suggest to spare biopsies in non-HS-positive regions. 
Corresponding PB scheme would theoretically achieve appropriate sampling rather 
by increasing core numbers than by targeting proper geographical locations, because 
a common 12-core biopsy potentially detects the majority of clinically signifi cant 
cancers with 80 % sensitivity, as shown in a step-section analysis of 164 autopsies 
[ 5 ]. In this study, the authors concluded that the ability to detect cancer was related 
more to the sampling location (peripheral, lateral, and apical cores) than to the num-
ber of biopsy cores taken. Those results clearly underline the benefi t of HistoScanning 
providing an objective ultrasound meta-analysis detecting prostate regions that har-
bor abnormal tissues. But a sophisticated biopsy technique is needed to harvest the 
gains of the HistoScanning.  

5.6     Summary 

 HistoScanning is an ultrasound-based tissue characterization application that uses 
3D raw RF data from a clinical TRUS examination to visualize and locate tissues 
suspected of harboring prostate cancer. HistoScanning analysis uses ultrasound 
backscatter properties and statistical classifi ers that were trained from detailed 
pathology to identify the presence of prostate cancer and other suspicious tissues. 
These tools, which are connected to standard ultrasound equipment, hold the prom-
ise of detecting the lesions of clinical signifi cance irrespective of observer quality. 
Sophisticated biopsy planning based on HistoScanning results might reduce patient 
burden of a systematic biopsy procedure while still detecting the majority of 
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clinically signifi cant cancers. Future trials must focus on the comparison of 
HistoScanning to standard of care biopsy procedures to further demonstrate the 
value of using ultrasound-based tissue characterization as a tool to improve prostate 
biopsies.     
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6.1           Introduction 

 Prostate cancer is the second most prevalent cancer in the adult male and the sixth 
most common cause of cancer death [ 1 ]. Prevalence of the disease is considered to 
increase over the years. In 2015, the American Cancer Society estimate 220,800 
new prostate cancer cases, of which 27,250 will be death cases. One man over seven 
will be diagnosed with prostate cancer during his lifetime. Early diagnosis of pros-
tate  cancer is a highly debated issue, and screening is not considered worthwhile 
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because of the unfavorable number of patients that need to be diagnosed and treated 
to save every one. Any how, prostate    cancer diagnosis remains a very important 
issue because of the different screening programs that are adopted in the most devel-
oped countries. 

 Prostate-specifi c antigen (PSA) testing has been instrumental to increase the 
diagnosis of an organ-confi ned disease amenable to cure. Notwithstanding the 
recent development of novel treatment regimens, metastatic disease still remains 
incurable, and all the related treatments are actually palliative. PSA test is currently 
used in a way to offer high sensitivity and low specifi city; consequently more than 
half of patients undergoing biopsy are found negative. 

 PCA3 testing has been proposed as an adjunct to PSA for early diagnosis of 
prostate cancer for its larger discriminatory power, although it needs prostatic mas-
sage and the high costs have limited its widespread adoption [ 2 ]. Still today, only in 
17 % of patients prostate cancer is suspected after a digital rectal examination. 

 Diagnostic tests for prostate cancer are not only used for early diagnosis but are 
frequently used in follow-up of prostate cancer treatments such as radical prostatec-
tomy, radiotherapy, hormonal treatment, and chemotherapy. 

 Research on the physical properties of cancerous tissues helped identify a num-
ber of parameters characteristic of neoplastic tissues that could possibly be used for 
diagnostic purposes. The relatively poor background of the medical community in 
fundamental physics should not underscore the importance of this research area. We 
just have to consider that all imaging techniques (ultrasonography, CT scan, MRI) 
that we currently use in our patients are based on the different physical properties of 
cancerous tissue. 

 A number of research laboratories are actively working on the development of 
diagnostic technology based on the use of low-energy electromagnetic radiation. 
This is a relatively novel approach that aims at identifying the presence of cancerous 
lesions without necessarily providing imaging of the observed tumor. 

 From the electromagnetic (EM) point of view, tumors have higher water content 
than normal surrounding cells due to cellular necrosis, increased and irregular vascu-
larization, and alteration of nutrients. The EM evidence is in the electrical conductiv-
ity and permittivity of many tumors with respect to the normal surrounding tissues; 
this contrast is further enhanced by the size and development stage of the tumor. 
Investigations on the EM properties of tumor tissues have been of interest for over a 
century with several evidences on the feasibility of the usage of EM as diagnostic 
tool. In spite of the usage of microwaves (>1 GHz) for imaging in place of (or com-
plementary to) conventional CT or MRI imaging diagnostics, there has been some 
early research on the usage of devices within the frequency range 300–500 MHz 
where tissue absorption peaks due to water and sodium content of malignant tissues. 

 In this context, TRIMprob was the fi rst diagnostic device made available in Italy 
over a decade ago for routine usage in clinics. Accuracy appeared to exceed 50 % in 
both sensitivity and specifi city; its negative predictive value raised the interests for 
its potential usage in the reduction of the number of unnecessary biopsies [ 3 – 5 ]. 
TRIMprob was still an investigational device, but it shed light on the diagnostic 
capability by coupling a probe with tumor tissues. 
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 ESO-MED 8G is a new-generation diagnostic device for the extracorporeal diag-
nosis of prostate cancer that was developed in Italy and introduced in the market in 
2012. Based on the same concept of coupling tissues with a probe maneuvered by 
the clinician, ESO-MED 8G is largely improved in usage and reliability, with high 
diagnostic accuracy reaching sensitivity and specifi city levels above 95 %. 

 In this chapter, after recalling the TRIMprob studies made on prostate cancer in 
2005, 2007, and 2008, a new clinical study is presented, done with the objective to 
evaluate ESO-MED 8G diagnostic accuracy.  

6.2     EM Diagnostics: A Review 

 The knowledge of the electrical property of tissues has been of interest for over a 
century. Measurements and models have been developed to account for behaviors of 
biological tissues either normal or pathological [ 6 – 9 ]. Microscopic description of 
the electrical properties of cells is complicated by the variety and the distribution of 
cell type and organs’ shape; therefore, a macroscopic approach is most often adopted 
to establish the specifi c conductivity and relative permittivity of biological systems. 
At macroscopic level, these properties are further complicated by several factors 
such as tissue orientation, frequency, inhomogeneity, and physiological factors. 
Cole-Cole model that accounts for relaxation time has been validated in different 
settings and for various tissues. The model can extrapolate the macroscopic proper-
ties at high frequency [ 7 ,  8 ], and EM parameters have been evaluated and validated 
in great details for breast carcinoma [ 10 ]. 

 Imaging methods based on non-ionizing EM waves have been investigated over 
the last decades, mostly for breast cancer as the local geometry is somewhat simpler 
than the remaining part of the body. Normal breast tissues are translucent to micro-
waves (as mostly low-water content fat tissue); the high dielectric contrast of malig-
nant tissues compared to the surrounding area (at least 5:1) makes breast tumor an 
excellent disease for optimizing microwave modeling and imaging [ 11 ]. 

 Active microwave (>1 GHz) imaging techniques for tumors are based on two 
main methods: tomography and radar-like. The goal of tomography is to recover the 
dielectric property of the breast from multiple views using narrowband signals [ 11 ]. 
Ultrawideband (UWB) radar seeks to identify the presence and the location of any 
meaningful scatterer in the breast [ 12 ], and similar to tomography, multiple views 
can be used to image these anomalous scatterers to let the clinician have a diagnos-
tic tool that can be easily integrated with the preexisting imaging devices [ 13 ]. 
Numerical modeling for heterogeneous (up to 20 % heterogeneity) and realistic 
propagating medium proved that shallow (3–4 cm depth) and small (below 0.5 cm) 
tumors can be detected by UWB radar system over 4–8 GHz bandwidth [ 12 ]. Since 
all these EM methods aim to provide an image of inner body for diagnostic, the 
main drawbacks are the cost for equipment/acquisition that is comparable with 
diagnostic imaging tools routinely employed (e.g., CT, MRI, PET). 

 In the range of frequency around 500 MHz, there is a peak of absorption, around 
300–500 MHz, namely, due to the increase of water and sodium in malignant tissues 
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(see, e.g., [ 6 ] or [ 8 ]). In hyperthermia [ 14 ], the anomaly around this frequency range 
is used to locally raise the temperature in order to induce cytotoxic effects and make 
malignant cells more vulnerable to ionizing radiation and chemical toxins as adju-
vant to radiotherapy and/or chemotherapy [ 15 ]. The diagnostic use of EM in the 
frequency range around 434 MHz is for thermoacoustic tomography [ 16 ]. Once 
again, the dielectric properties of tissues in this frequency range make the EM radia-
tion to be absorbed differently of healthy/tumor tissues. When radiated, the tissue 
expansion produces pressure waves that are measured at surface and are used in 
thermoacoustic tomography to image the biologic tissues on the basis of its different 
absorption of EM radiation for healthy or tumor tissues. 

 Even if the prostate is fairly complex for EM imaging as the tissues are much 
more complex and heterogeneous compared to the breast, it has the advantage of 
being geometrically uniquely located regardless of the patient’s height and weight. 
This property favors EM methods around 500 MHz as the EM fi eld couples with 
prostate and provides altered response when in presence of tumor tissues. Even if 
narrowband signals below 500 MHz are not suited for imaging due to the lack of 
resolution, malignant tissues have large electrical contrasts compared to the sur-
rounding tissues such that these can closely couple with a radiating antenna pro-
vided that tumors are shallow enough (say, below 5 cm if permittivity ranges within 
5–10 as for fat tissues) as for prostate or early-stage tumors in breast [ 12 ]. Alteration 
in antenna’s coupling in prostate cancer detection can be diagnostic of pathological 
tissues provided that this coupling can be measured and related to tissues properties. 
This is the frequency range considered herein with encouraging clinical results.  

6.3     History 

 History of technology begins with an equipment called TRIMprob. TRIMprob is a 
diagnostic equipment composed of an oscillator embedded in a cylindrical probe 
that couples with tissues and a spectrum analyzer paired with dedicated software for 
the analysis of the frequency and power of probe oscillator. 

 The TRIMprob    generates harmonic waves with three frequency components 
(465, 930, and 1,395 MHz), and it is moved over the perineum. After preliminary 
clinical trials that allowed to determine the prostate diagnosis method, in 2005 
Bellorofonte published the fi rst seminal paper on the clinical outcomes from the 
usage of EM diagnosis for prostate cancer [ 3 ]. The interaction between the EM fi eld 
emitted by the probe and cancerous tissue results in a decrease of the signal inten-
sity at 465 MHz (Fig.  6.1 , Table  6.1 ), whereas the signal at 930 and 1,395 remains 
almost unchanged. 

   Power is measured in arbitrary units ranging between 255 and 0. Mean values 
and standard deviation data are presented. Analysis of the patient groups shows 
signifi cant differences at 465 and 930 MHz, while no signifi cant difference was 
seen at 1,395 MHz. 

 Preliminary evaluation of TRIMprob accuracy showed a sensitivity of 95.5 % 
and a specifi city of 42.7 %, with a positive predictive value (PPV) of 63.6 % and a 
negative predictive value (NPV) of 89.8 % (Table  6.2 ) [ 3 ].
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   In 2007 Da Pozzo L. et al. evaluated the accuracy of the TRIMprob in a 
 multicenter prospective study. The authors concluded that TRIMprob increases the 
accuracy of PSA or DRE results, and with its high NPV, it might be useful to reduce 
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  Fig. 6.1    TRIMprob signal amplitude (mean values and standard deviation) at 465 MHz in control 
patients with BPH and PSA <4.0 ng/ml and patients with a biopsy-proven diagnosis of prostate 
cancer       

   Table 6.1    Field level measured by the TRIMprob at 465, 930, and 1,395 MHz   

 No. of 
patients 
(757) 

 Prostate 
cancer on 
biopsy 

 Average (SD) 

 465 MHz  930 MHz  1,395 MHz 
 Controls  163  n.a.  110.7 (36.4)  45.1 (18.2)  49.7 (16.3) 
 BPH with 
PSA ≤ 4.0 ng/ml and 
normal DRE 

 228  n.a.  94.0 (45.9)  41.8 (19.4)  48.5 (13.8) 

 BPH with 
PSA > 4.0 ng/ml and 
normal DRE 

 167  31  51.8 (51.9)  37.2 (21.4)  50.7 (16.7) 

 Abnormal DRE  91  77  10.5 (19.7)  36.2 (18.4)  48.9 (12.5) 
 Prostate cancer  108  n.a.  19.2 (29.7)  36.0 (19.1)  52.2 (14.7) 
 One-way ANOVA   p  ≤ 0.0001   p  ≤ 0.0001   p  ≤ 0.247 

   Table 6.2    Sensitivity, specifi city, and positive and negative predictive value of individual 
 diagnostic parameters   

 Sensitivity (%)  Specifi city (%)  PPV (%)  NPV (%) 
 TRIMprob (cut off a 50)  95.4  42.7  63.6  89.8 
 PSA (≥4.0 ng/ml)  94.4  7.3  47.2  60.0 
 PSA ratio (18 %)  80.4  46.2  59.4  70.6 
 DRE  68.9  80.2  76.0  73.8 
 TRUS  84.3  52.6  62.3  78.2 

  From Ref. [ 3 ]  
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the indications for prostatic biopsy or repeated series of biopsies in patients 
 suspected of having prostate cancer (Table  6.3 ) [ 4 ].

   In 2008 Tubaro et al. evaluated the accuracy of the TRIMprob test, total PSA, 
free/total PSA ratio, DRE, and transrectal ultrasonography (TRUS) in the diagnosis 
of prostate neoplasm in a prospective study, confi rming the data previously pub-
lished by Bellorofonte in Table  6.4 .

   The diagnostic accuracy of the TRIMprob device was tested in the diagnosis of 
other tumors including bladder, colon, and breast cancer although most of the pub-
lished data refer to prostate cancer. The published results clearly demonstrated a 
good diagnostic accuracy with an interesting balance between sensitivity and speci-
fi city. The cons of TRIMprob consisted in its long learning curve; this made its 
adoption quite diffi cult. The industrial story behind the TRIMprob is beyond the 
scope of this chapter; although the device failed from a commercial standpoint, the 
science behind it is, in our opinion, here to stay.  

   Table 6.3    The sensitivity specifi city, PPV, NPV, and accuracy of TRIMprob, DRE, and %fPSA 
in 188 patients   

 Test  Sensitivity  Specifi city  PPV  NPV  Accuracy 
 TRIMprob  80  51  44  84  60 
 DRE  41  89  64  75  73 
 %fPSA (threshold 18)  79  46  79  46  58 
 TRIMprob + DRE  92  47  46  92  61 

  From Ref. [ 4 ]  

   Table 6.4    Sensitivity, specifi city, positive and negative predictive value, and accuracy of indi-
vidual and associated diagnostic parameters   

 Parameter  Sensitivity  Specifi city 

 Positive 
predictive 
value 

 Negative 
predictive 
value  Accuracy 

  Individual parameters  
 TRIMprob  0.86  0.63  0.60  0.88  0.72 
 Total PSA 
(≥4.0 ng/mL) 

 0.90  0.16  0.41  0.73  0.45 

 Free/total PSA 
(≤0.18) 

 0.78  0.34  0.35  0.72  0.50 

 DRE  0.40  0.88  0.69  0.69  0.69 
 TRUS  0.36  0.79  0.69  0.48  0.55 
 Coin toss  0.45  0.54  0.36  0.63  0.55 
  Associated parameters  
 TRIMprob + DRE  0.96  0.57  0.59  0.95  0.72 
 Total PSA + DRE  0.96  0.13  0.42  0.82  0.46 
 Free/total 
PSA + DRE 

 0.81  0.53  0.51  0.82  0.64 

  From Ref. [ 5 ] 

  PSA  prostate-specifi c antigen,  DRE  digital rectal examination,  TRUS  transrectal ultrasound  
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6.4     ESO-MED 8G 

 ESO-MED 8G in Fig.  6.2  is an electro medical device, designed and manufac-
tured by MEDIELMA, Italy, for the electromagnetic diagnosis of cancer. Even if 
it is conceptually different from TRIMprob, the maneuvering of the probe of 
ESO-MED 8G system is similar to TRIMprob. ESO-MED 8G is less sensitive to 
environmental noise, more reliable, and less operator dependent. This makes the 
ESO-MED 8G a good candidate as a diagnostic device for the early diagnosis of 
prostate cancer.  

 Herein we present the fi rst exploratory analysis of the ESO-MED 8G diagnostic 
accuracy in patients at risk of prostate cancer by using the same experimental set-
ting as for TRIMprob. 

 The device is composed of one transmitting probe, a receiver apparatus, and a 
diagnostic station with a proprietary processing software. The probe is a portable 
device powered by internal batteries able to generate a low-power radiofrequency 

  Fig. 6.2    ESO-MED 8G components ( left  to  right ): probe, diagnostic station, receiver       
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signal within medical ISM band. The receiver apparatus is a base station with mul-
tiple receiving antennas that can be placed on a wall or on a stand at a fi xed height 
from the ground. 

 During the examinations with ESO-MED 8G, the patient is placed between the 
probe and the receiver. The emitting antenna of the probe is approached by the 
operator to the patient’s body in correspondence of the anatomical area of interest. 
The operator adjusts the position and the inclination of the probe in contact with the 
body and follows the diagnostic indications of the specifi c graphical interface that 
guide the probe maneuvering (see Fig.  6.3 ).  

 ESO-MED 8G operates according to the principles described above where the 
radiofrequency signal radiated by the probe is coupled differently with healthy/
pathological tissues. The different level of coupling is detected by the receiver and 
then processed by software that allows a graphical representation through specifi c 
diagnostic indicators. 

 The clinical examination is noninvasive and well tolerated as being extracorpo-
real. Moreover the diagnostic test is not harmful as it uses non-ionizing EM radia-
tions with very low intensity, frequency in 423–443 MHz ISM range, and power 
level below the one of a cellular phone. 

 The outcome of the diagnostic tests is displayed automatically by the ESO-MED 
8G. It compares the values of power received by several receiving antennas with a 
predetermined threshold. In particular, the software provides the following 
outcomes:

  Fig. 6.3    ESO-MED 8G diagnostic station screen showing a positive exam       
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•    Negative examination: the power received by antennas is never below the thresh-
old for the duration of the examination.  

•   Suspected cancer: the power received by antennas is below the threshold for a 
relevant time interval. The ESO-MED 8G system provides the user with an auto-
matic interpretation of the exam.    

 Three scans are saved for each patient in correspondence of the prostate 
 anatomical parts (right lobe, left lobe, and central adenoma).  

6.5     ESO-MED 8G Clinical Study 

 ESO-MED clinical data for the diagnosis of prostate cancer were collected at the 
department of urology of the Columbus Clinic in Milan, Italy, from November 2012 
to November 2013 on 624 patients. The group of patients examined was composed 
of 502 healthy patients (control group) and 122 patients with histologically proven 
prostate cancer (clinical group). The examination performed with ESO-MED 8G 
did not lead to any adverse event. The examination procedure was always easily 
performed, with an overall duration of between 5 and 10 min and without any 
patient discomfort. 

 Sensitivity, specifi city, accuracy, positive predictive value (PPV), and negative 
predictive value (NPV) were calculated from the clinical trials. The results obtained 
were then compared with those reported in literature relating to other most com-
monly used diagnostic tests for prostate cancer (PSA, digital rectal examination, 
and transrectal ultrasound). 

 Simple descriptive statistics (mean value and standard deviation) for the signal 
values measured during the survey period were obtained for two groups of patients 
analyzed: control and clinical groups. Mean value and standard deviation were cal-
culated for each healthy patient and compared with the values calculated for each 
deseased patient. 

 Finally, the ROC curve (receiver operating characteristic) for the variable 
described earlier has been obtained in a nonparametric way, and the area under the 
curve (AUC-ROC) has been calculated. More specifi cally, AUC-ROC can vary 
from 0.5 to 1, and the values assumed denote a good discrimination as more as they 
are close to 1, while values close to 0.5 identify the test as unreliable. 

 The mean age and standard deviation of the subject considered in this study are 
42.2 ± 26.8 years. The group of cases consisted of patients with confi rmed histologic 
diagnosis of prostate cancer. Gleason grades were stratifi ed as follows:

•    60 cases of prostate cancer Gleason 6 (3 + 3)  
•   42 cases of prostate cancer Gleason 7 (3 + 4)  
•   14 cases of prostate cancer Gleason 7 (4 + 3)  
•   3 cases of prostate cancer Gleason 8 (4 + 4)  
•   3 cases of prostate cancer Gleason 9 (4 + 5)    
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 The analysis of all scans recorded (3 for each patient for a total of 1,872 
scans) revealed a signifi cant difference in the value of the signal at a frequency 
of 433 MHz between healthy patients and those affected by prostate cancer 
(Table  6.5 ).

   Analysis of the results of the ESO-MED 8G diagnosis showed 489 (78.4 %) 
negative results (TN + FN), where 482 out of 489 were from the control group. 135  
exams (21.6 %) proved to be positive, of which 115 (TP) patients have histologi-
cally proven prostate cancer. Figure  6.4  shows the statistical distribution of the 
ESO-MED diagnostic results. Of note are the signifi cantly low number of false 
positive (FP) and false negative (FN).  

 The analysis of clinical outcomes obtained with the ESO-MED 8G diagnos-
tic device provides a sensitivity of 94.3 % and a specifi city of 96.0 %. The 
accuracy of the system is 95.7 %, while the positive and negative predictive 
values are 85.2 and 98.6 %, respectively. Table  6.6  summarizes the results 
obtained compared with those of the most common tests used for the diagnosis 
of prostate cancer: PSA, digital rectal examination (DRE), and transrectal ultra-
sound (TRUS).

   Table 6.5    Minimum power values of the signal measured with ESO-MED 8G at the frequency of 
433 MHz   

 N° considered tracks  Mean value [dBm]  Standard dev. [dB] 
 Healthy patient  1,506  −29.4  5.0 
 Patient with cancer  366  −56.8  4.7 
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  Fig. 6.4    Diagnostic outcomes on prostate obtained with the ESO-MED 8G device       
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   The ROC curve is in Fig.  6.5  with a value of AUC-ROC for ESO-MED 8G equal 
to 0.92. The same fi gure compares the ROC curves of TRIMprob (at 465 MHz), 
total PSA, and free/total PSA ratio extracted from Ref. [ 3 ]. Even if the results are 
from two different clinical trials, Fig.  6.5  confi rms the remarkable benefi ts of the 
ESO-MED 8G technology.  

   Table 6.6    Sensitivity, specifi city, positive and negative predictive value, and accuracy for ESO- 
MED 8G, PSA, DRE and TRUS   

 Sensitivity  Specifi city  PPV  NPV  Accuracy 
 ESO-MED 8G  0.94  0.96  0.85  0.98  0.96 
 PSA  0.90  0.16  0.41  0.73  0.45 
 DRE  0.40  0.88  0.69  0.69  0.69 
 TRUS  0.36  0.79  0.69  0.48  0.55 
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  Fig. 6.5    Receiver operating characteristic (ROC) curve of ESO-MED 8G in comparison with 
other tests (TRIMprob, total PSA, and free/total PSA ratio, all obtained from Ref. [ 3 ])       
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 The main purpose of this exploratory study was to determine the ESO-MED 8G 
performance in a non-blind setting. Different from TRIMprob where the diagnostic 
interpretations from three frequencies are left to the skill of the operators, the new 
ESO-MED 8G device performs an automated evaluation that, to some extent, can-
not be infl uenced by the investigator. 

 A remarkable difference in attenuation (approx. 20–25 dB) of the signal between 
the healthy subjects (mean value, −29.4 dBm) and the patients affected by prostate 
cancer (mean value, −56.8 dBm) was observed by analyzing the signal levels mea-
sured by the ESO-MED 8G. This signal strength difference is signifi cant from a 
physical standpoint, and it suggests that the EM diagnostic setup is able to distin-
guish healthy from pathological tissues within the frequency range of good EM 
penetration capability in tissues. In this clinical study, an optimal threshold value 
has been identifi ed, giving the best trade off in terms of sensitivity and specifi city. 

 With this optimized threshold value, the diagnostic performance of the ESO- 
MED 8G was interesting from a clinical standpoint. In particular, a very high nega-
tive predictive value (NPV = 98 %) was found that can be attributed to a high 
capability of the device in detecting the healthy subjects. This is a very important 
characteristic because it justifi es the use of ESO-MED 8G as a fi rst screening tool 
able to detect with high probability the healthy subjects. In case of negative results, 
ESO-MED 8G avoids patients to incur in further examination that can be time- 
consuming, invasive, and uncomfortable. On the other hand, if the examination was 
positive, this should be interpreted as an alarm of a possible presence of cancer and 
this supports the suggestion for the patient to execute more in-depth examination 
(e.g., biopsy).  

6.6     ESO-Prost 8G: A Further Step Ahead 

 Subsequent to the aforementioned 1-year study (November 2012 to November 
2013) using ESO-MED 8G, the ESO-Prost 8G was introduced in the market by 
MEDIELMA. 

 ESO-Prost is the system presently used in the urology department of Columbus 
Clinic (Milan, Italy) (Figs.  6.6  and  6.7 ).   

 This new system is part of the ESO-MED 8G family, and it is dedicated and 
optimized to the prostate examination. ESO-Prost 8G includes all the features of the 
ESO-MED 8G with many enhancement that makes it even easier to use. 

 The main advantages of ESO-Prost compared to the multiorgan ESO-MED are:

•    Much less room space required  
•   Simpler probe maneuvering  
•   Better graphical user interface dedicated to prostate examination     
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  Fig. 6.6    ESO-Prost 8G diagnostic station screen showing a positive exam       

  Fig. 6.7    Example of ESO-Prost 8G exam       
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    Conclusions 
 This is the dawn of new era in which applied physics entered our outpatient 
 clinics from a totally new perspective. Any real breakthrough is a teamwork, and 
it takes much longer time than anticipated. This new technology would open the 
road toward new diagnostic devices, possibly fully automatic. However, past and 
current clinical outcomes are undoubtedly helping the enthusiasm for this 
 early-diagnosis method. Electromagnetic diagnosis of cancer is here to stay, and 
research into this scientifi c fi eld remains a fascinating area that was fi nally 
 translated from the laboratory bench to the outpatient clinic.     
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7.1            Introduction 

 New surgical techniques are continuously being developed in the fi eld of prostate 
cancer, more so with the ever-increasing interest in minimally invasive techniques 
to treat solid organ cancers. This has been triggered by the current state of play with 
treating a disease that has a long natural history in which the benefi ts and risks of 
radical therapy are not quite right. In other words, whole-gland radical therapy or 
radiotherapy can cause signifi cant complications that are a direct result of damage 
to surrounding structures, including erectile dysfunction (30–70 %), urinary incon-
tinence (5–20 %) and bowel toxicity (5–10 %) [ 1 ,  2 ]. Focal therapy aims to reduce 
the complication profi le by focusing the therapy to the cancer lesion and preserving 
surrounding tissues, thus improving functional outcome. 
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 Improvements in understanding about the biology of prostate cancer as well as 
huge strides in functional imaging and image-guided biopsy techniques have given 
rise to more accurate localisation and characterisation of prostate cancer lesions. 
This has led to a paradigm shift in prostate cancer treatment towards tissue- 
preserving focal approaches using high-intensity focused ultrasound, electropora-
tion and photodynamic therapy. Focal therapy involves treating just the areas of 
prostate harbouring cancer and, by doing so, minimising the damage caused to col-
lateral structures such as neurovascular bundles, external urinary sphincter, bladder 
neck and rectum. In this chapter, we review the rationale for and early results of 
focal therapy.  

7.2     The Index Lesion 

 Prostate cancer is a multifocal disease. Traditionally, the heterogeneity of the dis-
ease has had to be treated with whole-gland therapies, such as radical prostatectomy 
or radiotherapy, because of the inability to detect and localise individual foci of 
disease reliably. With the advent of PSA screening, more men are diagnosed with 
prostate cancer at an earlier stage, when this is still localised. A signifi cant propor-
tion of unifocal or unilateral disease – between 20 and 40 % approximately – has 
been reported. As a result, focal therapy – with either unifocal ablation or hemiabla-
tion strategies – has been suggested as a means to offer men control of their cancer 
without the genitourinary side effects associated with radical whole-gland therapies 
(Figs.  7.1  and  7.2 ).   

 Recently, the concept of the index lesion has come to the fore. Many physicians 
now believe that the largest tumour volume usually harbours the highest Gleason 

  Fig 7.1    Schematic diagram 
showing hemiablation       
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grade – termed the index tumour – and this is the primary determinant of progres-
sion of the disease. Although this is often accompanied by secondary tumours, on 
average 2–3, these on the whole do not progress. 

 The evidence for this comes from a number of sources. Ohori et al.’s study anal-
ysed 1,000 retropubic prostatectomy specimens from men diagnosed with early- 
stage prostate cancer. Eighteen per cent of lesions were unilateral. Any extracapsular 
extension that was present was associated with the largest intra-prostatic cancer 
lesion. This implies that effectively treating the index lesion would destroy the 
tumour burden that is likely to result in invasive or metastatic disease [ 3 ]. 

 This was supported by another study by Karavitakis et al. They showed that 
although 79 % of cases were multifocal, when pathological features of poor prog-
nosis were present – Gleason ≥7, extracapsular invasion and seminal vesicle inva-
sion – they normally resided in the index lesion. Of 170 satellite lesions, 86 % had 
a total volume of <0.5 ml and 99 % had a Gleason score of <6 [ 4 ]. 

 Genomic studies have also supported the index lesion hypothesis. One of the 
genetic changes present in prostate cancer is the translocation of gene  TMPRSS2 - 
ERG    . This results in overexpression of the ERG transcription factor which pro-
motes proliferation, one of the hallmarks of malignancy. One study carried out by 
Furusato et al. demonstrated that the RMPRSS-ERG fusions are predominantly 
found in the index lesion [ 5 ]. 

 Men usually present with two or more distinct lesions of cancer within the pros-
tate. Most of the tumour burden is normally contained within one of these foci. 
Tumour volume is strongly associated with grade, and because of its potential for 
malignancy, the lesion with the highest tumour volume has been labelled the index 
lesion, as described by Wise et al. They demonstrated that the volume of the largest 
tumour, Gleason patterns 4 and 5 as well as lymphovascular invasion predicted 
progression of prostate cancer [ 6 ]. 

  Fig 7.2    Schematic diagram 
showing quadrant ablation       
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 Further evidence on tumour volume being key to progression potential of pros-
tate lesions of emerges from several sources. Investigators have shown that, after 
accounting for tumour stage and grade, the minimum threshold tumour volume of 
the index lesion and total tumour were 1.3 and 2.5 cm 3  [ 7 – 9 ]. In unifocal lesions, the 
mean tumour volume would equate to the total tumour volume and therefore 
increase progression potential of the lesion. This further supports the index lesion 
hypothesis [ 10 ].  

7.3     The Principles of HIFU and Sonablate 500 

 Ultrasound waves can be of low or high intensity. High-intensity focused ultrasound 
(HIFU) involves high-intensity ultrasound waves focused on a single point, aimed 
at a targeted area of the prostate. The temperature at this focal point will rise, caus-
ing protein denaturation and destruction of lipid membranes, resulting in coagula-
tive necrosis of the tissue. This allows delivery of treatment to a discrete volume of 
tissue [ 11 ]. 

 The Sonablate®500 (Focus Surgery, Indianapolis, IN, USA) is one of two com-
mercially available transrectal devices that are used to treat prostate cancer. The 
other is the Ablatherm® Device (Edap-Technomed, Lyon, France). 

 The Sonablate®500 system has a rectal probe containing a transducer, which 
has combined imaging and therapeutic roles. It operates with a frequency of 
4 MHz. After each pulse of treatment cycle, the transducer takes an imaging shot, 
allowing visualisation of the treatment effect. Degassed chilled water, at 
17–20 °C, is pumped through the whole system to prevent build-up of heat with 
subsequent rectal wall injury (Sonachill®). The area of treatment can be targeted 
precisely by adjusting the focal length of the transducer, which is set at 3 or 4 cm 
focal lengths. 

 The power intensity delivered at each focal length can be altered according to 
the greyscale changes seen with each pulse (visually directed HIFU). These 
greyscale changes, termed ‘Uchida’ changes, are due to steam build-up in the tar-
geted area (gas microbubbles) causing a cavitation effect and giving an indication 
as to cell kill. The Sonablate®500 system allows focal, zonal and hemiablation of 
the prostate gland. The system utilises what is known as Tissue Change Monitoring. 
This is a quantitative software module designed exclusively for the Sonablate 500 
that monitors real-time tissue changes during HIFU therapy. It provides feedback 
on the status of ablative therapy in real time so the physician knows exactly what 
is happening to the prostatic tissue. The TCM works by sending a radio-frequency 
signal to a treatment site prior to delivery of HIFU and then another signal sent 
after delivery of HIFU in the same treatment site. The software calculates the 
change that took place, displaying it on screen. It quantifi es tissue changes based 
on comparison of radio-frequency ultrasound pulse-echo signals at each treatment 
site (Fig.  7.3 ).   
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7.4     Focal Therapy with HIFU 

 Ahmed et al. published results on their series of high-intensity focused ultrasound 
hemiablation. From a total of 20 men, 89 % achieved the trifecta status of pad-free, 
leak-free continence, erections suffi cient for intercourse and cancer control at 12 
months [ 12 ]. A year later, the same group of investigators published their results on 
another series whereby 42 men received focal high-intensity focused ultrasound 
delivered to all known cancer lesions with a margin of normal tissue. The results 
demonstrated that 95 % had no evidence of disease on multiparametric MRI at 12 
months. Of 35 men with good baseline erections, 89 % had erections suffi cient for 
penetration 12 months after HIFU therapy. All 38 men with no urinary incontinence 
at baseline were leak-free and pad-free by 9 months [ 13 ]. The same group’s pro-
spective academic registry demonstrates that of 509 men undergoing focal HIFU 
therapy, only 17 % required redo-HIFU, 1 % had salvage radiotherapy and another 
1 % went on to be treated with radiotherapy [ 14 ]. 

 Another series on focal high-intensity focused ultrasound comes from Muto et al. 
The results show that 76.6 % of those receiving focal HIFU were biopsy- negative at 12 
months and the 2-year biochemical disease-free status rates for the patients at low and 
intermediate risk 83.3 and 53.6 %, respectively, in patients with focal therapy [ 15 ]. 

  Fig 7.3    Sonablate 500 TCM monitor screen displaying real-time imaging with baseline imaging 
simultaneously       
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 Uchida et al. published their long-term results of high-intensity focused ultra-
sound in localised prostate cancer in 2009. A total of 517 men were included, hav-
ing a median follow-up period of 24 months. The biochemical disease-free rate in 
all patients at 5 years was 72 %. In the low-, intermediate- and high-risk group, this 
was 84, 64 and 53 %, respectively. 28.9 % of patients that had good erectile function 
preoperatively were reported to have erectile dysfunction post-HIFU treatment [ 16 ]. 

 Inoue et al. published their long-term outcomes on 137 patients with T1-2 pros-
tate cancer and a median follow-up of 36 months. They were treated with HIFU 
(Sonablate®500). They report that no patients proceeded to receiving adjuvant ther-
apy within the follow-up period. The median PSA nadir was 0.07 ng/ml and occurred 
after 2 months. The 5-year disease-free survival rate was 78 % and 91, 81 and 62 % 
in the low-, intermediate- and high-risk group, respectively [ 17 ]. 

 Encouraging data has also been published by Crouzet et al., with the Edap 
machine. Their multicentre study included 803 patients from six French centres. 
Their 5- and 7-year biochemical survival rates for the low-risk group were 83 and 
75 %, respectively, and for the intermediate-risk group were 72 and 63 %, respec-
tively. They also reported that at 8 years, the overall survival rate was 89 %, 
metastasis- free survival was 97 % and cancer-specifi c survival was 99 % [ 18 ]. 
Similarly, Blana et al. reported on 163 patients with a 4.8 ± 1.2 years of follow-up. 
The actuarial biochemical survival rate at 5 years was 75 % and disease-free sur-
vival rate, also at 5 years, was 66 %. Only 12 % of patients progress to salvage 
treatment. Of these, 92.7 % had negative biopsy after treatment and 86.4 % achieved 
a PSA nadir of <1 ng/ml [ 19 ].  

7.5     Photodynamic Therapy 

 Photodynamic therapy uses a photosensitising drug that is activated in the presence 
of oxygen, by light of a specifi c wavelength, after a period of time (drug-light inter-
val). The drug can be available in topical, oral or intravenous form. The photosensi-
tiser is initially in a stable form, known as ground state. Light of a specifi c wavelength 
will transform it to a higher unstable energy state, the singlet state. Being unstable, 
the photosensitiser can release energy in one of three ways: emission of light, emis-
sion of heat or conversion to an intermediate energy state, the triplet state. It can 
then return to a stable ground state. 

 The photosensitiser either produces hydroxyl and superoxide radicals (type 1 
reaction) or converts to molecular tissue oxygen to form singlet oxygen (type 2 
reaction). The singlet oxygen will, in turn, react with lipids, protein and nucleic 
acids in the cell, leading to both functional and structural damage with subsequent 
cell death. Hydroxyl and superoxide radicals, in their own right, are also directly 
responsible for cell death. Drug, light and oxygen must all be present and exceed a 
specifi c threshold, for photodynamic therapy to occur. 

 There are various types of photosensitisers, broadly differentiated into two cate-
gories: vascular activated or tissue activated. Those activated within the vasculature 
do so within a few minutes of intravenous administration and exhibit rapid 
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clearance. This gives them a short drug-light interval. Tissue-activated photosensi-
tisers are activated when suffi cient concentration within the tissue target is reached. 
This may take from several hours to days, hence a delayed drug-light interval. This 
type of photosensitisers can accumulate in the eyes and skin. Ambient light can 
activate them and cause a sunburn-like reaction [ 20 ]. 

 Types of intravenous photosensitisers include the following:

•    Hematoporphyrin derivative (HpD)  
•   WST-09 (Palladium bacteriopheophorhide, Tookad)  
•   WST-11 (Palladium bacteriopheophorbide)  
•   Porfi rmer derivative (Photofrin)  
•   Mesotetrahydroxyphenylchlorin (mTHPF, Foscan)  
•   Motexafi n lutetium    

 Oral photosensitiser

•    ALA (aminolevulinic acid)    

 Photoradiation was initially used to treat superfi cial conditions such as lupus 
vulgaris in the nineteenth century. The fi rst attempt at using phototherapy for human 
tumours was carried out in 1903 by Tappenier and Jesionek. More recently, in the 
1970s, it was used on cutaneous or subcutaneous malignant lesions. In 1978, 
Dougherty et al. published data on PDT being used on solid tumours, which included 
prostate and breast. They used haematoporphyrin hydrochloride and red light. One 
patient with prostate cancer was treated with HPD, with ‘complete response’, 
defi ned as the disappearance of measurable of palpable tumour within a treated fi eld 
[ 21 ]. 

 Photodynamic therapy of the prostate is performed in the lithotomy position 
under general anaesthesia. Protection to skin and eyes is necessary. This should 
continue up to a few hours for vascular-activated photosensitisers and up to 6 weeks 
for tissue-activated ones. A urinary catheter is placed intraoperatively. The photo-
sensitiser is given prior to hospital admission or on the same day as the procedure. 
Light is produced by laser and delivered by optical fi bres. The laser fi bres are posi-
tioned in the prostate using transrectal ultrasound and a perineal template. 

 In the prostate, the procedure was fi rst carried out in canines, as this is the closest 
anatomical model to the human prostate. Huang et al. carried out laparotomies in 
fi ve dogs. Light at 50–300 J/cm at 150 mW/cm and 763 mm was delivered to the 
prostate to activate the vascular-activated photosensitiser, padoporfi n (Tookad) IV 
(1 mg.kg b.w.). Varying treatment protocols and light doses on each dog were used 
to achieve different amounts of necrosis and treatment effect. Contrast-enhanced 
MRI at 7 days post-PDT showed enhancement corresponding to pathological areas 
of necrosis. Contrast-enhanced MRI was shown to be superior to diffusion-weighted 
and T2 images. 

 The fi rst formal clinical trial was conducted by Nathan et al. This group delivered 
photodynamic therapy using mesotetrahydroxyphenylchlorin (mTHPC – Foscan) in 
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14 men, using high light doses in 13 men MRI or contrast-enhanced CT post-procedure 
showing necrosis in 91 % of the gland. PSA decreased in 9 patients and had no malig-
nancy in post-treatment. Complications included acute urinary retention (3/14), urinary 
incontinence (2/14) and recto-urethral fi stula (1/14). The fi stula occurred after a rectal 
biopsy following the treatment. A further pilot study was conducted by this group, 
again using mTHPC. Six patients were treated, all of which were found to have resid-
ual tumour on biopsy. Four received a second treatment with PDT; one opted for active 
surveillance and the other, radiotherapy [ 22 ]. 

 The palladium pheophorbide photosensitisers padoporfi n (WST-09 Tookad®) 
and padeliporfi n (WST-11 Tookad® Soluble) are vascular-acting PDT agents. 
Trachtenberg et al. used WST-09 (Tookad®) as vascular-targeted photodynamic 
therapy (VTP) for whole-gland prostate ablation to treat men with radio-recurrent 
localised prostate cancer. Twenty-eight patients received varying light doses. A 
complete response was seen in 8 out of 13 patients. This was determined by per-
forming prostate biopsies at 6 months. The minimum light dose required to cause 
necrosis was 23 J/cm 3  in 90 % of the prostate. Treatment response was assessed by 
gadolinium-enhanced MRI after 1 week. Avascular lesions on MRI correlated with 
histopathological fi brosis. Sixty per cent of those who received the minimum light 
dose at 2 mg/kg drug dose had no residual disease on biopsy [ 23 ]. Systemic toxicity 
was observed with padoporfi n (WST-09): cardiovascular events and subclinical 
hepatotoxicity secondary to intraoperative hypotension. For this reason, WST-11 
Tookad® Soluble was developed. This is a water-soluble version of the drug, known 
as padeliporfi n. 

 More recently, Moore et al. published their data on 85 patients treated with 
Tookad® Soluble. Overall, 74 % had negative biopsies at 6 months and the mean 
percentage of gland necrosis was 78 %. Of the group that received 4 mg/kg of 
Tookad® Soluble at 200 J/cm, 83 % were found to have negative biopsies at 6 
months with the mean percentage of necrosis of targeted prostate tissue being 88 %. 
They found that 4 mg/kg at 200 J/cm gave the optimal treatment conditions for good 
short-term effi cacy [ 24 ]. 

 These studies demonstrate that photodynamic therapy with Tookad® Soluble is 
well tolerated and shows good short-term effi cacy. It can be carried out in a single 
clinical session as a minimally invasive procedure. PDT is a repeatable procedure 
and does not exclude patients from further treatments. Positioning of the needles is 
relatively straightforward. As this is done transperineally, it allows access to the 
anterior of the prostate gland, inaccessible to certain treatment modalities such as 
high-intensity focused ultrasound. It is one of the focal treatment options for both 
primary and salvage localised prostate cancer. Lesion formation is highly dependent 
on drug and light dose. 

 There are, however, various limitations to photodynamic ablation as focal ther-
apy for prostate cancer. Treatment planning is based on histopathology and MRI 
preoperatively, whereas the real-time feedback intraoperatively is ultrasound. Gland 
deformation during the procedure occurs in part due to the presence of the rectal 
probe and in part due to the swelling subsequent to transperineal needle insertion. 
Currently there is no real-time feedback of treatment effect during the delivery of 
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PDT. A randomised controlled trial of VTP focal therapy versus active surveillance 
is currently ongoing recruiting very low-risk patients (NCT01726894).  

7.6     Irreversible Electroporation 

 Irreversible electroporation (IRE) is a novel technique, where tissue is ablated 
through its nonthermal effects. Electroporation involves a signifi cant increase in the 
electrical conductivity across a cell membrane, by an externally applied electric 
fi eld. The high-energy direct current causes the lipid bilayer in the cell membrane to 
lose its integrity, creating nanopores. These nanopores increase the permeability of 
the cell membrane, losing cellular homeostasis, resulting in subsequent cell death. 
This phenomenon is dynamic and depends on the electric fi eld strength and tissue 
properties [ 25 ]. 

 A preliminary experimental IRE trial was carried out in a healthy canine and two 
human cancerous prostates by Neal et al. The electrical parameters to predict treat-
ment stimulations were measured. The prostates were then resected 5 h, 3 weeks 
and 4 weeks post-IRE. The lesions were correlated with the numerical simulations 
to determine the effective threshold of the IRE electric fi eld. The results showed that 
lesions were produced in all subjects. IRE pulses cause an increase in tissue conduc-
tivity from 0.285 to 0.927 S/m. The effective average prostate electric fi eld thresh-
old was found to be 1,072 ± 119 V/cm. Histological analysis of the human prostates 
showed complete central necrosis with variable tissue effects beyond the margin of 
treatment area [ 26 ]. 

 Tsivian et al. have published their data on a study carried out on 12 male Beagle 
dogs using low-energy direct current (NanoKnife TM  LEDC). Three 19G monopolar 
electrodes were placed on each side of the prostate via the transperineal approach 
under transrectal ultrasound guidance using a triangular probe array. The electrodes 
were placed at a median distance of 0.55–0.66 cm from the capsule, urethra and 
rectum. All the dogs were potent postoperatively. Pathological analysis revealed 
infl ammatory changes in the ablation zone at 7 days, which was replaced by fi brosis 
at 30 days. Microscopic examination showed no histological injury to the capsule, 
urethra, rectal wall or nerve structures [ 27 ]. 

 A pilot study was carried out by Valerio et al. on 45 patients who received IRE, 
34 as primary therapy and 11 as salvage treatment. Three men had high-risk disease 
whilst 31 and 11 men had intermediate- and low-risk disease, respectively. Twenty- 
eight patients had available follow-up and all achieved urinary continence whilst of 
the 25 men that were potent preoperatively, 96 % maintained their potency [ 28 ]. 
Ongoing studies will further evaluate the clinical utility of focal IRE (NCT01726894).  

    Conclusion 
 Patients diagnosed with prostate cancer are faced with an overwhelming array of 
possible treatments depending on their disease. Although radical whole-gland 
therapies such as radical prostatectomy and radiotherapies are still the mainstay 
of treatment, new surgical innovations have emerged and been revisited over the 
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last couple of decades. Being minimally invasive, they may be viewed in more 
acceptable light to both patients and surgeon than radical treatments. Focus on 
the quality of life of patients in the postoperative period has instigated a surge of 
interest in both minimally invasive operative techniques as well as focal therapy. 
Certainly, studies on HIFU, cryotherapy and PDT, although in their infancy, 
seem to demonstrate that the short-term cancer control is comparable to other 
therapies and their profi le of genitourinary complications is less. More long-term 
data is necessary to further increase our knowledge on the application of these 
novel surgical techniques.     
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8.1           Introduction 

 The intention of focal therapy of prostate cancer is to offer the patient a partial 
treatment of prostate containing only the areas of signifi cant cancer. The goal is a 
reduction of potential side effects of radical treatment. These side effects are typi-
cally caused by collateral damage of anatomical structures adjacent to the prostate, 
such as the urethral sphincter, the erectile nerves, the bladder neck and the rectum. 
The need to create more evidence of focal therapy strategies is illustrated against 
the background of the growing evidence of prostate cancer overtreatment and the 
related side effects. According to a recent review summarising the situation of over-
diagnosis and overtreatment, Loeb et al. showed that overtreatment is estimated 
to be present in a range of 5–46.8 % in published radical prostatectomy series [ 1 ]. 
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Although outcome of radical prostatectomy has improved over the last years, it 
may still be associated with signifi cant morbidity even in the hands of high-volume 
surgeons. In a series of 380 preoperatively potent patients, Shikanov et al. showed 
that the trifecta (continence, potency and undetectable PSA) was achieved in only 
44 % of patients 24 months following nerve-sparing robotic-assisted radical pros-
tatectomy (RALP) [ 2 ].  

8.2     Strategies and Technologies for Focal Prostate 
Treatment 

 Despite a growing number of studies and case series in the literature, there is no 
clear defi nition of the ideal way how to perform focal prostate cancer treatment. 
Different treatment regimens have been described. They include targeting of a 
radiographic and biopsy-proven index lesion, but also a sextant, a three-quarter, a 
hockey-stick and a hemiablation approach. The future goal will be to eradicate only 
signifi cant cancer foci, which might be feasible once the ideal imaging or cancer 
detection modality has been found. To our knowledge, there has been no successful 
attempt of a partial radical prostatectomy. Partial ablation of the prostate however 
has been described with different technologies. These include cryotherapy, high- 
intensity focussed ultrasound (HIFU), laserablation, photodynamic therapy (PDT) 
and irreversible electroporation (IRE). Today most evidence is available for cryo-
therapy and HIFU. Therefore, the European Association of Urology (EAU) guide-
lines mention both these technologies as experimental options for focal therapy. As 
we have gained experience with HIFU for many years, we will focus on that modal-
ity in this chapter. 

 HIFU works by ultrasound that is administered by a rectal probe and focussed 
on a target point. This results in a combined thermal and mechanical effect (cavita-
tion) leading to the immediate formation of a sharply confi ned coagulation necro-
sis in the shape of a cigar. Currently there are two HIFU devices commercially 
available on the market: the Ablatherm (EDAP-TMS, Vaulx-en-Velin, France) and 
the Sonablate (Focus Surgery Inc., Indianapolis, IN, USA). We recently published 
the outcome of a consecutive patient series of 538 patients following full-gland 
HIFU. The median follow-up of 8.1 years (range 2.1–14 years) was the longest 
follow-up in current literature [ 3 ]. The biochemical-free survival rates, as defi ned 
according to the Phoenix criteria, were 81 and 61 % at 5 and 10 years, respectively. 
Typical side effects of HIFU are the formation of secondary bladder neck obstruc-
tion, with a rate of 28.3 % in our series. Continence outcome is favourable, but due 
to the heterogeneity of treated patients and different outcome criteria in published 
studies, there cannot be drawn any conclusion from the literature if full-gland 
HIFU offers any advantage for potency preservation compared to standard treat-
ment options. The recommendations for full-gland HIFU are confl icting within 
European urologic associations. It is recommended for selected patients by the 
French and Italian guidelines but is still considered experimental by the European 
and German guidelines.  
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8.3     The Role of HIFU in Focal Therapy 

 HIFU is a promising tool for focal prostate treatment for different reasons. It allows 
for precise treatment of a targeted volume, and it is relatively minimally invasive 
and can be offered as an outpatient procedure under spinal anaesthesia. 

 The idea behind treating only one lobe of the prostate is to leave the neurovascu-
lar bundle on the contralateral side of the prostate completely untouched. 
Furthermore, it is assumed that the rate of secondary bladder neck obstruction will 
be signifi cantly lower compared to full-gland ablation. The fi rst publication of 
HIFU hemiablation came from [ 4 ]. In their series of 70 patients, they classifi ed 29 
patients as having unilateral disease as determined by multiregional biopsies. In 
these patients, only the peripheral zone of one lobe and half of the ipsilateral transi-
tional zone were treated. The remaining patients underwent whole-gland ablation. 
Twelve months following treatment, 77 % of patients had a negative biopsy. 
According to the ASTRO criteria, biochemical-free survival rates were 83 and 54 % 
of patients in the low- and intermediate-risk group, respectively. Of 52 patients that 
were continent before HIFU, 49 remained continent after treatment. However, the 
authors did not differentiate between the whole-gland group and the focal group. 
Also, they did not present outcome data on potency [ 4 ]. 

 In 2011, more detailed outcome data from a prospective phase I/II approval trial 
were published by Ahmed et al. Unilateral prostate carcinoma was identifi ed in 20 
patients by means of multiparametric MRI in combination with transperineal map-
ping biopsy. Patients underwent HIFU hemiablation and were followed up for 12 
months; 19/20 patients had erections suffi cient for intercourse, 90 % were pad-free 
and 17/19 patients had no evidence of cancer on control biopsy. Eighty-nine per 
cent of all patients achieved the trifecta of continence, potency and cancer control at 
12 months [ 5 ]. Later, the same group developed more advanced treatment strategies 
including multifocal targeting of prostate cancer foci as will be illustrated in a dif-
ferent chapter in this book.  

8.4     Study Endpoints of Focal Therapy Studies 

 The defi nition of study endpoints and outcome criteria for focal therapy studies is a 
challenge. There have been numerous recommendations by panels and expert 
groups. However, they are in many aspects confl icting. The biggest diffi culty is the 
defi nition of an oncologic endpoint. Due to the natural history of slowly growing 
prostate cancer in low- and intermediate-risk patients, cancer-specifi c survival can-
not be used as an endpoint as follow-up periods of far more than 10 years would be 
required to obtain evidence. Furthermore, prostate-specifi c antigen (PSA) kinetics 
following focal therapy have not yet been thoroughly studied and understood. The 
interpretation of PSA in patients with a partially ablated prostate is diffi cult, as there 
will be ablated cancer tissue next to untreated benign prostate hyperplasia and 
potentially untreated insignifi cant cancer. It is also unknown, if PSA kinetics are 
specifi cally characteristic for different focal therapy technologies. Therefore a 
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biochemical failure defi nition for patients following focal prostate cancer treatment 
has yet to be defi ned. In summary, an early indicator for oncologic effi cacy of focal 
therapy should be based on the result of a control biopsy at 12 months after treat-
ment. In addition to early oncologic outcome, functional results, quality of life and 
safety should be assessed by means of validated questionnaires. 

 In an attempt to obtain consensus on design of focal therapy trials, an expert 
panel summarised options of 48 focal therapy experts in 2014 and defi ned strict 
criteria [ 6 ]. They defi ned the fi rst oncologic endpoint as focal ablation of clinically 
signifi cant disease (tumour >0.5 cc with negative biopsy at 12 months). PSA should 
not be included as an endpoint. There was an agreement that multiparametric mag-
netic resonance imaging (mpMRI) is an accurate tool to identify intraprostatic sig-
nifi cant disease as the ultimate tool for non-invasive cancer detection is still missing. 
It was considered that its potential is in excluding patients with aggressive cancers 
(Gleason score 4 + 3 = 7 and higher) from focal treatment but that a biopsy-proven 
lesion does not necessarily have to be visible of mpMRI. A systematic and targeted 
follow-up biopsy was recommended at 6–12 months following treatment. There 
was no agreement on a biochemical failure defi nition. Recommendations for future 
study duration were 18–36 months for phase 2 single arm studies and 3–5 years for 
phase 3 prospective comparative trials.  

8.5     Practical Aspects for Focal Therapy Trials 

 When designing a focal therapy trial, it should be considered that it is not too much 
in confl ict with daily clinical practice and the expectations of patients and their 
referring physicians. The ideal trial design would be a prospective randomised con-
trolled trial of a large patient number and a long follow-up period comparing focal 
therapy with either active surveillance or radical treatment. Such a trial is diffi cult 
to generate due to many reasons. Most important, a statistically signifi cant onco-
logic endpoint between both groups would only be expected after a follow-up period 
of many years and a large number of patients. In addition, it is questionable whether 
the majority of eligible patients would be willing to accept randomisation between 
two options. This concern might be illustrated by the fact that radical prostatectomy 
is the only treatment option that has been randomised against another approach 
(watchful waiting) [ 7 ]. There are no other publications of successful randomisations 
between radical prostatectomy and radiotherapy or other treatment options. 

 For these reasons we designed a phase II study of HIFU hemiablation for patients 
with unilateral prostate cancer that refuse to undergo active surveillance (HEMI 
study). The inclusion criteria are shown in Table  8.1 . Our intention was a trial design 
that includes diagnostic procedures that are compatible with the routine of German 
university hospitals and referring urologists. We therefore decided not to use peri-
neal mapping biopsy of the prostate. Our approach to rule out unilateral disease is 
by a 12-fold randomised biopsy that is combined with an mpMRI performed at least 
4 weeks after biopsy. Patients will be followed up every 3 months for 1 year. 
Table  8.2  gives an example of a follow-up plan that considers oncologic aspects as 
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well as safety and quality of life. We defi ned our primary endpoint as “no initiation 
of any defi nitive prostate cancer treatment (radical prostatectomy, radiation, full- 
gland HIFU, cryotherapy, hormone therapy) within the study period.” Besides sev-
eral secondary endpoints, validated questionnaires are used to assess safety and 
morbidity: urinary function is assessed by the International Prostate Symptom 
Score (IPSS) and the short form of the International Consultation on Incontinence 
Modular Questionnaire (ICIQ-SF). Quality of life is measured with the European 
Organisation for Research and Treatment of Cancer Quality of Life Questionnaire 
(EORTC QLQ-30) and erectile function with the short form of the International 
Index of Erectile Function (IIEF-5) questionnaire. We hypothesise that patients that 
undergo focal treatment might feel less bothered by anxiety than many patients with 
untreated cancer. To measure this we included the Hospital Anxiety and Depression 
Scale (HADS) questionnaire to rule out if there is a decrease in anxiety and psycho-
logical burden compared to the situation before treatment. In addition, all treatment- 
related side effects are measured. As the trial is still enrolling, we cannot present 
results at this point.

8.6         Future Technical Aspects 

 In 2013, a new generation of HIFU device (Focal One) was released by EDAP- 
TMS. Besides some technical refi nements, the most important feature is the option 
to fuse prostate MRI images with the transrectal ultrasound image in real time. The 
height of the lesions is reduced from a minimum of 19 mm with the Ablatherm 
Integrated Imaging to 5 mm. These features promise new options of focal prostate 
cancer treatment and will improve targeting of prostate zones with low anterior- 
posterior diameter (such as the peripheral zone at the apex). However, data are cur-
rently lacking and will have to be generated in order to prove the expected advantages 
of this device in comparison to previous generations.  

   Table 8.1    HEMI study – Eligibility criteria   

 Eligibility 
criteria 

 Age >18 years 
 Biopsy-proven prostate cancer 
 Clinical stages T1c–T2a 
 PSA ≤10 ng/ml 
 Gleason score ≤7a (3 + 4) 
 Unilateral prostate cancer 
 Number of positive biopsies <30 % of the total number of biopsies with the 
largest continuous tumour area <5 mm 
 Height of peripheral zone on treatment side on TRUS 
   ≤30 mm (in treatments with Ablatherm Integrated Imaging) 
   ≤40 mm (in treatments with Focal One) 
 No evidence of signifi cant prostate cancer on contralateral prostate lobe on 
multiparametric MRI (defi ned as PI-RADS Scores 4 and 5) 
 Thickness of the rectal wall <6 mm on TRUS 
 Acceptance of participation in all follow-up visits (during 12 months) 
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8.7     Limitations of Focal HIFU 

 The concept of focal HIFU treatment still has limitations to be mentioned. In a 
recent study, Shoji et al. could show that there is signifi cant swelling and shift of the 
prostate during HIFU treatment. This will make real-time intraoperative adjustment 
of the treatment plan mandatory, once smaller prostate cancer foci will be targeted 
[ 8 ]. A second limitation for all focal treatment approaches in prostate cancer is the 
diffi culty to identify unilateral disease by means of random biopsy only. Isbarn et al. 
performed a retrospective study in 243 men with only 2/10 positive biopsies on one 
side, a Gleason score ≤6 and a PSA value of ≤10 ng/ml. Interestingly, two-thirds of 
these patients had either bilateral or even non-organ-confi ned disease following 
radical prostatectomy. This underlines that a random biopsy alone is insuffi cient to 
identify patients suitable for hemiablation. Therefore, mpMRI should be combined 
with random biopsy instead of mapping biopsies in order to rule out signifi cant 
contralateral disease.  

    Conclusions 
 In conclusion, fi rst reports on patient series of HIFU hemiablation demonstrate 
the feasibility of this concept. Early oncologic results as assessed by control 
biopsy are promising, but follow-up is still much too short to prove long-term 
oncologic effi cacy. Much of progress in focal therapy may be expected in the 
next years. This evolution is necessary in order to identify the ideal patient sub-
group that benefi ts from focal therapy. It is important to clarify the subgroup of 
patients, which might be overtreated and the one which is undertreated and put 
at risk with focal therapy. In the future, new innovative imaging modalities and 
methods to assess tumour aggressiveness will be the basis for more refi ned 
approaches in focal therapy of prostate cancer. The results of future studies will 
then be indirectly comparable to those of “historic” studies of patients treated 
with hemiablation.     
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9.1           Salvage Focal HIFU After Radiation Therapy 

 Prostate cancer recurrence after radiation therapy might be cured with differ-
ent treatment modalities (radical prostatectomy, HIFU, cryotherapy). All whole-
gland salvage therapy approaches carry the potential of serious morbidity from 
the  development of urethro-rectal fi stula, severe urinary incontinence, and urethral 
 stenosis [ 1 – 5 ]. 

 Focal salvage HIFU (FSH) represents a new therapeutic option with the aim to 
destroy the recurrent tumor with minimal risk of severe side effects. The initial 
results of this new treatment approach were recently published [ 6 ]. In this trial, 39 
patients received focal salvage HIFU therapy for localized recurrence after EBRT 
(hemiablation,  n  = 16; quadrant ablation,  n  = 23). Patients with multifocal tumor foci 
underwent index lesion ablation if the untreated areas had ≤1 core with ≤3 mm 3 + 3 
Gleason score. A PSA response was observed in 87 % of patients; 44 % of treated 
patients achieved a PSA nadir <0.5 ng/ml. Of those who achieved a nadir <0.5, the 
3-year biochemical-free survival sate (BFSR) (Phoenix criteria) was 63 %. Of those 
who achieved a nadir >0.5, the 3-year BFSR was 0 %. Two patients developed 
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metastasis and 40 % required salvage androgen deprivation therapy. Twenty-fi ve 
patients (64 %) were continent (pad-free, leak-free) at the last follow-up. The mean 
pre-salvage IIEF-15 score decreased from 18 ± 16 to 13 ± 21 after FSH. 

 More recently, Baco et al. reported the short-term results of hemi-salvage HIFU 
ablation (HSH) for unilateral recurrent PCa following radiation therapy [ 7 ]. Between 
2009 and 2012, 48 patients were prospectively enrolled from two European centers. 
Inclusion criteria were positive MRI and at least one positive biopsy in one lobe 
after primary radiation therapy without detectable metastases, as determined by 
bone scan, pelvic CT scan or pelvic MRI. 

 The mean age was 68.8 ± 6 years and the mean pre-HIFU PSA was 5.2 ± 5.2 ng/ ml. 
 The treatment phase, controlled by the device software, was processed by suc-

cessive slices (1.7 mm thick) from apex to base. Treatment parameters for HIFU 
therapy involved a 3-MHZ nominal frequency, a 5-s treatment pulse, and a 4-s shot 
interval. The necrotic coagulation zone induced by one treatment pulse, termed the 
elementary lesion, was 1.7 mm in diameter and 19–27 mm in height, depending on 
prostate AP diameter. A 4-mm security distance was observed at the apex in cases 
with negative apical biopsy, but some HIFU shots were performed closer to the 
sphincter in cases with apical invasion. Similarly, treatment included the proximal 
region of the seminal vesicle in patients with basal tumor invasion of the prostate. 

 With a median follow-up of 16.3 months, the mean PSA nadir after HSH was 
0.69 ± 0.83 ng/ml. Disease progression occurred in 16 patients (35.5 %). Local 
recurrence was found in the untreated lobe in 4 patients and bilaterally in 4 patients. 
Six patients developed metastases and 2 had rising PSA without local recurrence or 
radiologically proven metastasis. Progression-free survival (Phoenix criteria) rates 
at 12, 18, and 24 months were 83, 64, and 52 %, respectively. No rectal fi stula was 
observed. There were no signifi cant changes in EORTC-QLQ C30 and IPSS scores. 
A pad-free, leak-free urinary continence status after HSH was attained in 36 of 48 
patients (75 %). Four patients (8.3 %) experienced severe post-HSH incontinence. 
All 4 had a post-EBRT local recurrence involving the apex, and HSH was volun-
tarily performed without a sphincter safety margin. Three of the 4 did not show 
disease progression; their PSA values at the last follow-up were 0.12, 0.05, and 
0.07 ng/ml. No urethro-rectal fi stula were observed. Two patients (4 %) experienced 
a delayed pubic osteitis that was conservatively managed. There were no statistical 
signifi cant differences in IPSS and QoL (EORTC-QLQ C30) scores before between 
baseline and follow-up. A signifi cant decrease in erectile function score was 
observed (IIEF-5 score), with a median of 7.5–5 at 24-month follow-up. One ure-
thro-rectal fi stula occurred and was resolved with urinary and bowel diversion. 
Sloughing occurred in 18 % of patients and urinary tract infection or epididymitis 
in 8 %. No osteitis was observed. 

 The rate of complication reported after focal salvage HIFU for radio-recurrent 
prostate cancer was substantially lower than those found in published reports of 
standard salvage treatments. Nguyen et al. evaluated the outcome of salvage radical 
prostatectomy in 531 patients and found a 4.7 % rate of urethro-rectal fi stula, an 
incontinence rate of 41 %, and an anastomotic stenosis rate of 24 % [ 8 ]. In a more 
recent series of salvage radical prostatectomy, Heidenreich et al. reported a 1 % rate 
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of urethro-rectal fi stula and a severe incontinence rate of 20 % [ 9 ]. Salvage cryo-
therapy was evaluated in 510 patients by Nguyen et al., who found a urethro-rectal 
fi stula rate of 2.6 %, a 36 % rate of severe incontinence, and a 17 % rate of bladder 
neck strictures [ 8 ]. 

 Accurate patient selection is an essential precondition for achieving optimal can-
cer control with a focal salvage therapy approach. In theory, the selection process 
should fi rst exclude patients with infraclinical metastases and then further evaluate 
only those with small unilateral local recurrences. Detection of occult lymph node 
and bone metastases is hampered by limitations in current imaging technology and 
by characteristics of the malignancy that make visualization diffi cult. Metastases 
were detected during follow-up in 5 % (2/39) of patients in the Ahmed et al. study 
[ 6 ] and in 12.5 % (6/48) of patients in the Baco et al. study [ 7 ].  

9.2     Salvage Focal HIFU After Radical Prostatectomy 

 Therapeutic options for local recurrence following radical prostatectomy are lim-
ited. HIFU offers a treatment option when local recurrence can be identifi ed through 
transrectal ultrasound or MRI and verifi ed by biopsies. After treatment with HIFU, 
the treated areas showed negative biopsies in 77 %. The PSA nadir averaged 0.2 ng/ml 
and 66 % of the patients achieved PSA nadir values <0.5 ng/ml. During follow- up 
of 5 years, 91 % of the patients showed no biochemical progress [ 10 – 12 ].  

    Conclusion 
 Focal salvage HIFU is feasible in different clinical situations with less severe 
morbidity than whole-gland salvage therapies and may preserve pretreatment 
QoL. Patient selection, accurate imaging, and biopsy are essential to identify 
malignancy suitable for focal HIFU.     
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       Thermal tolerance is a cell’s ability to withstand the extremes of temperature. In 
order to survive, a cell must maintain the integrity of the cellular boarders and 
extracellular matrix, as well as the quaternary structure of cytosol components and 
cellular metabolism. Heating beyond the upper thermal tolerance is the most com-
mon premise for many tissue ablative modalities (HIFU, interstitial laser). However, 
cryoablation uniquely takes advantage of a tissue’s inability to survive temperatures 
beyond the lower end of the thermal viability spectrum. Surpassing the thermal via-
bility limits at one extreme or the other may have more signifi cant biologic impli-
cations than just a difference in temperature. Tissue death at these two extremes 
involves a very different set of mechanisms and as such may illicit a very different 
response from the body, regionally and systemically, that could offer both therapeu-
tic advantages and an alternate morbidity profi le. This difference may ultimately 
provide a rationale for choosing one form of tissue ablation over another (cryo-
ablation over HIFU, as an example). However, for now, much of the decision to 
work at one end or the other of the thermal viability spectrum is based upon equip-
ment availability and the comfort level of the surgeon with the energy source. Even 
datum to suggest a difference in morbidity between energy sources when applied in 
a focally ablative manner to treat prostate cancer remains scarce. It thus behooves 
the surgeon interested in focally ablative techniques for prostate cancer to be famil-
iar and competent in a variety of energy sources for tissue ablation. 
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 The temperature for prostate cancer cells at which 100 % cell death occurs is 
−19.4 °C [ 1 ]. Irrespective of the imaging modality used for guidance (magnetic 
resonance imaging, computed tomography, or ultrasonography), the operator can-
not visualize a lethal isotherm of −20 °C but instead can visualize only the lead-
ing edge of the ice ball, which is approximately 0.5 °C, the temperature at which 
mammalian tissue freezes. Tissue effects may not be lethal at this temperature, 
leaving the potential for viable tissue, both cancerous and benign, to persist within 
the frozen zone. Studies considering the distance from the visible isotherm to the 
invisible lethal isotherm (−20 °C) have demonstrated a logarithmic decline in tem-
perature from 0.5 to −25 °C within 3 mm of the visible isotherm and to −40 °C 
within 6 mm of the visible isotherm [ 1 – 3 ]. Therefore, a cryosurgeon must extend 
the visualized ice ball beyond the cancerous region to encompass the tissue within 
the lethal temperature zone. An extension of the ice beyond the prostate capsule 
threatens critical structures, such as the external sphincter, anterior rectum, and 
even the bladder base.  

 Cryoablation morbidity has been greatly reduced as the precision of the energy 
deposition was improved. The earliest applications of cryosurgery to treat prostate 
cancer involved transurethral freezing of the prostate with an inability to position 
the cryoneedles precisely or to monitor the extent of freezing beyond the transrectal 
palpation of a cold prostate [ 4 ]. While the early years of cryotherapy mirrored the 
early years of prostate cancer therapy with the goal of destroying all prostate tissue, 
as the technology for delivering lethal ice evolved from large liquid-nitrogen-driven 
probes to smaller, direct access gas-driven cryoprobes (Figs.  10.1  and  10.2 ) that 
allow a more precise conformation of the destruction zone, the morbidity associated 
with even whole gland cryoablation was signifi cantly reduced. This improved preci-
sion not only reduced injury to surrounding critical structures but also has opened 
the possibility of preserving even nonmalignant portions of the prostate gland itself, 
i.e., focal cryotherapy.  

a b c

  Fig. 10.1    CMS Accuprobe System 450 liquid nitrogen cryosurgical system. ( a ) The CMS 
Accuprobe System Model 450, a fi ve-probe device; ( b ) fl ow schematic of a small-diameter 
 cryoprobe capable of circulating liquid nitrogen within the tip’s boiling chamber; ( c ,  d ) two of the 
various sizes and shapes of CMS cryoprobes: 3 mm × 4 cm × 18 cm probe with blunt tip ( c ) and 
8 mm × 4 cm × 27 cm cryoprobe with conical tip ( d )       
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 In 2002, the current debate regarding focal therapy was ignited not de novo from 
within the urological community but from teams led by interventional radiologists. 
The fi rst publication on prostate focal therapy all employed cryoablation as the ther-
mally destructive energy source. Though the initial reports were both retrospective 
and lacked validated questionnaires to measure quality of life outcomes, they serve 
as truly ground breaking studies which catalyzed the current interest in the fi eld 
regardless of the energy source deployed. 

 Onik and colleagues fi rst reported on a series of 9 patients in 2002 [ 5 ] with a 
subsequent update to this series in 2008. From the updated series, 48 men sub-
mitted to hemispherical cryoablation with a minimum of 2 years of follow-up [ 6 ]. 
Patients were initially selected using transrectal Doppler biopsy and later by tem-
plate mapping biopsy. Interestingly a majority of patients (52 %) were moderate or 
high risk according to D’Amico stratifi cation. Using the original ASTRO defi ni-
tion of biochemical failure (3 successive increases in PSA), 94 % of the patients 
were free from biochemical recurrence, and no local recurrences were observed in 
the treated hemisphere. Of those men who were potent before hemiablation, 90 % 
(36/40) maintained potency “to the satisfaction of the patient.” No incontinence was 
observed for any patients. 

 Bahn and colleagues contemporaneously yet separate from Onik reported in 
2006 (mean follow-up of 70 months) on the outcomes of hemialative cryosurgery 
for 31 patients [ 7 ]. Patients treated in this series were selected for focal therapy 
based upon a standard 12-core, random prostate biopsy plus targeted biopsy of any 
suspicious regions of interest demonstrated with color Doppler. As with Onik, the 
original ASTRO defi nition of biochemical failure was used to defi ne oncologic suc-
cess. For this independent series, the outcomes were strikingly similar to the Onik 
series with 92.8 % (26/28) biochemically disease-free. Twenty-fi ve patients under-
went follow-up biopsy (again, random + Doppler guided) with 96.0 % (24/25) hav-
ing no local evidence of disease. The single positive biopsy case was successfully 

  Fig. 10.2    Cryoprobe capable of producing ice of different lengths and shape to conform to the 
targeted area       
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salvaged with whole gland cryoablation. Potency, as determined with an adminis-
tered non-validated questionnaire, was maintained by 88.9 % of patients (48.1 % 
(13/27) without and 40.7 % (11/27) with oral pharmaceutical assistance). Again, no 
incontinence was observed in this series. 

 While other small, single-surgeon, retrospective reports of focal therapy were 
published [ 8 ], the fi rst major, multicenter publication of focal as it was being con-
ducted in modern clinical practice emerged from the National Cryo On-Line Data 
(COLD) registry in 2012 [ 9 ]. This publication retrospectively reviewed the treat-
ment of 5,853 men undergoing prostate cryoablation, of which 19.8 % ( n  = 1,160) 
underwent partial gland cryoablation. Similar to the Onik and Bahn series, this 
report was retrospective but incorporated the experience of multiple cryosurgeons 
trying to emulate those outcomes with their own patients in both community and 
academic practices. Unlike the Onik and Bahn reports, the volume and location of 
the treated prostate was determined by the treating cryosurgeon and not available 
for analysis. Similarly, the entry criteria were independently set by the treating cryo-
surgeon and not standardized across the 52 contributing sites. 

 This large, retrospective, data repository-driven report found a lower (75.7 %) 
freedom from biochemical recurrence-free rate (ASTRO defi nition) at 36 months 
than was observed in the earlier single-surgeon reports. Only 14.1 % of patients 
reported from the COLD registry treated with focal therapy underwent subsequent 
biopsy, assumed to be “for cause.” Of those patients undergoing biopsy, 26.3 % 
(43/164) were positive for persistent disease. However, if one considers the entire 
cohort of patients and assumes that PSA can adequately predict the presence of 
persistent posttreatment cancer, the positive rate is 3.7 %, more consistent with the 
Onik/Bahn reports. Again, urinary continence (defi ned as use of 0 pads) was very 
high (98.4 %) though maintenance of spontaneous erections was not as successful 
with only 58.1 % who had spontaneous erections prior to organ preservation report-
ing return of erections to a baseline level. Morbidity of focal cryotherapy in this 
largest series, though much lower than following whole gland cryoablation, was not 
zero as in the earlier single-surgeon series; rather, prolonged urinary retention 
(>30 days) was reported in six (1.1 %) patients, and a single patient (0.1 %) did 
report a rectourethral fi stula. 

 The fi rst prospective study of focal therapy using cryoablation has now been 
reported by Barqawi and colleagues from the University of Colorado [ 10 ]. Unlike 
all prior reports of focal cryoablation where a treatment template incorporated the 
identifi ed index lesion along with a wide swath of surrounding normal tissue (see 
Ward/Jones publication for the defi nitions of different organ-preserving focal tem-
plates [ 11 ]), in this prospective study, Barqawi et al. performed “targeted focal ther-
apy” (TFT). In performing TFT, these investigators aimed to eradicate all clinically 
detected cancer foci rather than accepting the idea of the index lesion being the only 
clinically relevant tumor. In doing so, they have tried to more fully replicate the 
oncologic effi cacy of radical therapy without the deleterious effects that can accom-
pany whole gland treatment. 

 Low-risk disease (Gleason ≤ 7 (3 + 4) with less than 50 % positive core and 4 or 
fewer zones involved with cancer excluding the periurethral zone was identifi ed in 
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62 men enrolled to this study between 2006 and 2009. All men underwent 3D map-
ping biopsy in order to qualify for treatment. The 3D mapping biopsy included 
placement of two gold fi ducial markers for orientation and attainment of between 
four and eight cores from each of eight prostate zones yielding a total of 32–64 
prostate biopsy cores. Targeted focal cryotherapy was performed between 8 and 12 
weeks following mapping biopsy. A 17-gauge, gas-driven, variable length cryo-
probe was positioned in all zones that showed at least one positive core on 3D map-
ping biopsy. Two freeze-thaw cycles to each zone were performed with a urethral 
warming catheter in place. At the conclusion of the treatment, the urethral warmer 
was exchanged for a Foley catheter, which remained in place for 1 week. 

 The primary end point of the study was 12-core TRUS-guided prostate biopsy 
within 12 months of treatment, rather than a repeat 3D mapping biopsy. Biochemical 
failure in this study was defi ned as postoperative PSA that equaled or exceeded 
preoperative PSA, due to the residual, untreated prostate tissue. AUA symptom 
scores and SHIM scores obtained preoperatively were compared to postoperative 
high and low scores obtained at any point postoperatively. 

 The median duration of this study at the time of report is 840 days. The 1-year repeat 
biopsy was negative in 50 of the 62 study subjects (81 %). The median PSA decrease 
over the study period was 3.0 ng/dl with 18 patients (29 %) experiencing a PSA rise over 
the course of their follow-up. Importantly, there was no signifi cant change in the SHIM 
score following treatment, and the AUA symptom score declined 1.5 points ( p  < 0.01). 
No patients suffered urinary incontinence nor severe adverse events. 

 In conclusion, prostate cryotherapy has matured from its infancy when it was 
employed primarily to treat patients who failed primary radiation therapy and 
always in a radical fashion. With advances in the technology that has allowed more 
precise delivery of ablative energy to specifi ed locations throughout the prostate, the 
third-generation technology has heralded the concept of precise targeting of cancer 
foci within the prostate gland in the hopes that this approach will ameliorate the 
morbidity associated with more radical treatments by preserving the non-diseased 
portions of the gland and the surrounding healthy tissue, including the urethral 
sphincter and the neurovascular bundles. While other energy sources are now avail-
able that can also be targeted to specifi c regions of the prostate, cryotherapy remains 
unique in its use of lethal, cold temperatures rather than heat. Differences in effi -
cacy, morbidity, and even immunologic systemic responses between heating and 
cooling of prostate tissue have yet to be proven.    
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11.1            Introduction 

 Since the ‘30th it has been known experimentally that tissue can be destroyed from 
a distance by focused ultrasound [ 1 ]. However, clinical implementation of this prin-
ciple was delayed due to the lack of a reliable technology. Today, computers, spe-
cifi c software, transrectal ultrasound devices, and MRI allow real-time therapy 
control and monitoring of HIFU treatment to achieve reproducible results. 

 Therefore, treatment with HIFU can now be extended to different surgical areas as 
a noninvasive method, which allows the coagulative destruction of tissue without an 
open surgical procedure. Increased experience and literature on HIFU has led to grow-
ing acceptance and use of transrectal HIFU for the treatment of prostate cancer world-
wide. Clinical results with follow-up over 15 years have been published [ 2 – 6 ].  

11.2     Physical Principle 

 The early use of HIFU for local tissue destruction was reported in 1944 by Lynn and 
Putman [ 7 ]. High-energy ultrasound parabolically focused on tissue leads to 
mechanical alteration of the cells and causes changes in biological structures 
(Fig.  11.1 ). During application of focused ultrasound, three different physical 
mechanisms can be observed: mechanical, thermal, and cavitation effects. 
Mechanical effects are induced by sudden pressure increase within the tissue by the 
HIFU beam being highly energetic. This energy input into the tissue induces forma-
tion of cavitation bubbles within the tissue. This mechanical cavitation effect dam-
ages cell membranes.  

2. 

HIFU

Rectal cooling

 
 

Heat &
cavitation 

1.

3.
  Fig. 11.1    Physical 
principle of focused energy 
application       
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 A thermal effect is caused by the absorption of ultrasonic energy within the tissue. The 
temperature increase in tissues depends on the absorption coeffi cient of the tissue and the 
size, shape, and temperature sensitivity of the heated area. Biological changes caused by 
the heating depend on the temperature level and duration of exposure. A “thermal dose,” 
which exceeds a certain threshold, causes tissue coagulation and leads to irreversible tis-
sue damage [ 8 ]. High-intensity focused ultrasound generates a very high intensity in the 
focal area, causes high temperatures within a few seconds (85 °C), and destroys the tissue 
in a circumscribed area while surrounding areas remain unharmed. The defi ned small 
tissue volume, which is destroyed by one single ultrasonic beam, is a “primary” lesion. In 
order to coagulate larger areas, multiple lesions have to be added in a certain algorithm 
(Fig.  11.2 ). This can be achieved by motorized computer-controlled movement of the 
energy source or by an electronically “phased array” [ 8 – 13 ].   

11.3     Technology 

 Important HIFU setting parameters are as follows:

•    Therapeutic and diagnostic ultrasound frequency (3/7.5 MHz)  
•   Acoustic high intensity (40–50 W)  
•   Duration of HIFU application (shot/lesion time)  
•   Intervals between HIFU pulses (delay time)  
•   Lateral shift between elementary lesions (rotation angle)  
•   Longitudinal displacement of applicator (slice thickness 1.7 mm)  
•   Penetration depth (focal point dependent on the applicator design/device)    

  Fig. 11.2    Multiple 
lesion application = 
volume coagulation       
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 These technical parameters are essential in the assembly of a HIFU system for 
specifi c tissue and a dedicated application. Besides this, diffi cult technical decisions 
concern the selection and design of the piezoelectric energy applicator, the imaging 
system, the intraoperative target and safety features, the target localization during 
treatment (TRUS or MRI), and the therapy controls (robotic and/or visually guided). 
The therapeutic ultrasonic energy transducer is characterized mainly by the operat-
ing frequency and the geometric and physical design (Fig.  11.3a, b ).  

 Piezoelectric systems can be operated with suffi cient energy density, repro-
ducibility, and long-term stability in accordance with the requirements of the 
therapy which allow the production of geometric shapes in order to adapt them to 
the different anatomical needs [ 11 ]. Current standard urological applications use 
“single- focus” HIFU transducers which are adjustable mechanical movements or 
combinations out of mechanical and phased array applicators (Fig.  11.4  and  11.5 ).  

 To fi nd the ultrasound parameters that are required for the treatment of pros-
tatic tissue, in vitro and in vivo experiments have been performed for more than 
a decade, as computer simulation systems have been developed [ 14 ]. MRI is one 
technique to assess the effectiveness of HIFU treatment and can perform 
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  Fig. 11.3    Sonablate® applicator and lesion formation principle       
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real-time temperature measurements. MRI is used in extracorporeal HIFU treat-
ments rather than transrectal approach for localization and monitoring effective-
ness [ 15 ] and allows the measurement of temperature changes during HIFU 
treatment [ 16 ]. Studies have used magnetic resonance elastography (MRE) to 
investigate the effects of temperature- induced tissue ablation by measuring the 
mechanical changes of the lesion [ 17 ]. 

  HIFU-induced lesions are temporarily seen as TRUS hyperdense areas [ 18 ]. 
This optical effect disappears after 10 min. However, the real extent of a primary 
lesion cannot be defi ned precisely, because effects such as HIFU refl ection (pros-
tatic capsule, calcifi cations, catheters), absorption (untreated or pretreated tissue), 
and cooling (blood vessels, intraprostatic TUR cavity liquid) are individually dif-
ferent. Further characterization techniques based on ultrasound, contrast-enhanced 
Doppler [ 19 ], or different techniques to the acoustic behavior of tissues have been 
proposed to determine the extent of HIFU-induced lesions.  

It remains unclear whether instant elastography changes can be correlated to 
intermittent edema-induced reduced blood fl ow or whether they refl ect irre-
versible tissue coagulation at a cellular level.
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  Fig. 11.4    Ablatherm® applicator and lesion formation principle       
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11.4        Experimental Preclinical History 

 Destruction of tissue with HIFU has been studied in various experimental 
tumor models. To study the HIFU effect in vivo, experiments were performed 
on mouse glioma [ 20 ], hamster medulloblastoma [ 21 ], and rat Morris hepa-
toma [ 22 ,  23 ]. DUNNING R3327 and AT2 and AT6 carcinomas with high met-
astatic potential [ 24 ,  25 ], implanted in rats, were studied as models of prostate 
cancer. 

 In vitro [ 26 ,  27 ], ex vivo [ 26 ,  28 ], and in vivo [ 16 ,  27 ,  29 ] experiments were also 
performed to study the treatment possibilities with HIFU for kidney tumors. These 
animal studies provided evidence that cancerous tissue can be destroyed with HIFU 
without inducing metastasis [ 25 ]. Transrectal HIFU for treatment of the prostate 
was confi rmed in experimental canine models [ 30 ,  31 ].  

11.5     Transrectal HIFU Devices 

 After attempts to treat BPH with HIFU proved unsuccessful [ 32 – 34 ], transrectal 
HIFU as treatment of prostate cancer has found its way into routine clinical prac-
tice. Within the last decade, solely Ablatherm has treated more than 35,000 patients 
worldwide for PCa with HIFU®. 

  Two devices for the transrectal approach have been designed and are routinely 
manufactured and marketed out of the United States for the treatment of prostate 
cancer. 

 Clinical signifi cant results are available from Sonablate ®  (Focus Surgery Inc., 
Indianapolis) [ 6 ,  10 ,  32 ,  57 ] and Ablatherm ®  (EDAP TMS SA, Vaulx-en-Velin, 
France) [ 2 – 5 ] (Figs.  11.6  and  11.7  ). Prostate cancer ablation by HIFU has been 
studied as well in a European Ablatherm® multicenter study as in other prospec-
tive studies and described in detail [ 35 ,  36 ]. The authors reported separately 

Transrectal HIFU does not de-obstruct BPH but induces instant necrosis, and on 
long terms tissue shrinkage. It induces obstruction by necrotic and scar tissue.

During 18 years of clinical experience with HIFU in prostate cancer, it has 
been proven that transrectal ultrasound is safe for reproducible clinical appli-
cation even without sophisticated “real-time” temperature measurement. Still 
a “real-time” technology, compensating the above mentioned individual tissue 
effects would be favorable and optimize tissue ablation safety and effi cacy.
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  Fig. 11.6    Sonablate® 500. ( a ) Device. ( b ) Operators interface/monitor. ( c ) Patient’s therapy position         
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about their experiences in defi ned patient groups and established – on the basis 
of these results – standardized procedures and protocols for patient 
management.  

11.6       Indications and Contraindications for Ablatherm® 

 At the beginning of the fi rst clinical studies of our Munich group 1996, the indica-
tion for HIFU was restricted to patients with localized prostate cancer who were 
not candidates for surgery due to their age, general health status, and/or comorbid-
ity or patients who decided defi nitively against radiation or radical prostatectomy. 

 Indications and application mode have been expanded over the following years – 
based on clinical experience of this fi rst study. These expanded indications included 
partial and focal therapy in low-risk tumors, incidental prostate cancer after TUR, 
and salvage therapy in recurrent prostate cancer after radical prostatectomy, radio-
therapy, and previous HIFU. 

 Besides the indications in localized PCa, pilot studies showed that adjuvant non-
invasive cytoreduction by HIFU in locally advanced prostate cancer, even in 

For both devices, FDA approval is pending; requested studies have been already 
terminated but not yet published. The authors worked for 18 years with Ablatherm® 
only, their clinical and published experience is related to this specifi c technology. 
Clinical results cannot be simply pooled to other HIFU technologies.

cFig. 11.6 (continued)
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minimal metastatic stages and for progressive castration-resistant prostate cancer 
(CrPCa), could achieve promising results. 

 Contraindications for transrectal HIFU are rare: missing or small rectum; a dam-
aged, tumor-infi ltrated or infected rectal wall caused by previous prostatic/rectal 
therapies; or severe Latex allergy (balloon).  

11.7     TURP Before HIFU 

 TURP prior to HIFU allows the instant removal of any refl ecting, deviating, or 
absorbing calcifi cations, abscesses, intravesical middle lobes, and adenomas, and it 
should prevent later infravesical obstruction. 

  The generation of an intraprostatic cavity by TUR and its subsequent intrathera-
peutic compression by the rectal balloon increase the accessibility of the HIFU 
waves to the remaining gland (Fig.  11.7 ), fi x the residual prostate behind the sym-
physis bone, and prevent movement artifacts during HIFU application [ 37 ,  38 ].  

  The benefi cial effect of a combination of TUR and HIFU was demonstrated in a 
series of 271 patients with prostate cancer and an initial PSA of <15 ng/ml. 

 Ninety-six of 271 patients received HIFU monotherapy, while 175 were treated 
with combination therapy. The mean resection weight was 15.7 g (2–110 g), median 
12.5 g. The mean follow-up time in the monotherapy group was 18.7 ± 12.1 months 
and for the combination therapy group was 10.9 ± 6.2 months. The histological 
results in both groups were similar after treatment, with negative biopsies in 87.7 % 
versus 81.6 %. The median PSA Nadir was <0.1 ng/ml in both groups. The mono-
therapy group required a suprapubic catheter for 40 days, while in the combination 
group it was removed after 7 days. With this study, the benefi ts of a combination 
therapy could be demonstrated [ 36 ].  

As it is well accepted that a total prostate volume can be downsized by 30 % 
within 3 months by androgen deprivation therapy (ADT ) , this could not sub-
stitute TURP before HIFU because of the necessity of removal of intrapros-
tatic calcifi cations, intravesical middle lobes, intraprostatic abscesses, and 
bigger adenomas.

Increase of invasiveness by neoadjuvant TURP is compensated by the benefi -
cial effects in regard to higher effi cacy and lower side effects as well as it 
expands the indication range for HIFU.
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  Fig. 11.7    Ablatherm® integrated imaging. ( a ) Device. ( b ) Operators interface/monitor. ( c ) 
Patient’s therapy position         
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11.8     HIFU Effect on Prostate Tissue 

 Despite the fact that bioptic controls have a low signifi cance in relation to their ran-
dom character, they can show and prove the instant intraprostatic ablative effect of 
the HIFU procedure and the long-term replacement of prostatic by fi brotic tissue. 

 In a clinical study, in which a partial HIFU treatment was performed 1–2 weeks 
before radical prostatectomy, the instant effi cacy of HIFU was histologically con-
fi rmed after complete prostate removal. HIFU had been applied to the sites where 
positive tissue biopsies had been found. Histological examination of the samples 
showed a sharp demarcation between the HIFU-treated and untreated areas, while 
in the treated areas complete necrosis was found [ 39 ]. 

 The extent of tissue damage caused by HIFU can be determined by gadolinium- 
enhanced MRI. The treated area appears as a hypodense zone surrounded by a strong 
3–8 mm peripheral rim. This corresponds to histopathological fi ndings characterized 
by a core of coagulation necrosis surrounded by a peripheral zone of infl ammation. 

  The treatment-induced MRI changes usually disappear within 3–5 months and 
the HIFU-induced contraction of the tissue results after about 6 months in small 
prostates of approximately 5–7 cc [ 40 ].  

Immunological research hypothesis judges this “heat deactivated but not 
totally ablated cancer tissue” (microscopically alive but in immune histologi-
cal staining dead cells) as individual trigger for immunitary response – in 
sense of “cancer vaccination.”

This strong fi brotic shrinkage process can induce side effects as formation of 
intraprostatic or bladder neck stenosis in up to 15 % within the fi rst 12 months.

cFig. 11.7 (continued)
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11.9        HIFU in Primary, Localized Prostate Cancer (T1–2) 

 The prognosis of treatment outcome in PCa patients treated with radical prostatec-
tomy is – beside PSA Nadir and PSA velocity after Nadir – based on pathological 
features such as tumor grade, stage, and margin status. 

 Due to the absence of histological specimens following HIFU, it is necessary to 
focus on PSA Nadir as a predictor of clinical failure. It has been evaluated and 
shown to be the strongest surrogate factor of treatment failure [ 41 ] in HIFU as well. 

 In addition, the PSA Nadir was strongly associated with both preoperative PSA 
level and residual prostate volume. PSA Nadir effects in patients with a longer fol-
low- up have been reported by Ganzer et al. [ 42 ]. 

 It was shown that the PSA Nadir after HIFU correlated highly signifi cantly with 
treatment failure and disease-free survival rate (DFSR). Treatment failure rates dur-
ing follow-up were 4.5, 30.4, and 100 %, respectively, for three different PSA Nadir 
groups ( P  < 0.001). The actuarial disease-free survival rates at 5 years were 95, 55, 
and 0 %, respectively ( P  < 0.001). 

  In a series of 120 patients with localized prostate cancer and PSA values of 
<10 ng/ml, cancer-free survival rates were examined. These patients were not suit-
able for radical prostatectomy and had a life expectancy of 10 years [ 2 ]. The calcu-
lated cancer-free 5-year survival rate for the average patient population was 76.9 %; 
this was signifi cantly increased to 85.4 % in highly differentiated tumors (Gleason 
score 2–6) compared to 61.3 % in low-differentiated tumors (Gleason score 7–10). 
There was no signifi cant difference in survival rates calculated in terms of prostate 
volume or the number of positive biopsies. Nadir PSA is seen as the prognostic fac-
tor with a theoretical 5-year survival rate of 86 % in patients with a Nadir PSA 
<0.5 ng/ml [ 43 ,  44 ]. 

 An early European Ablatherm® multicenter study reported short-term results of 
402 patients with localized prostate cancer (T1–2/N0-x/M0) between 1995 and 
1999, 1 year after HIFU treatment [ 35 ]. 87.2 % of control biopsies were negative. 
Classifi ed – according to the prognostic risk – in the group with low risk (Gleason 
<7), 92.1 % were negative, in the medium-risk group (Gleason 7) 86.4 %, and in the 

These fi ndings suggest that oncological outcome is improved if a PSA Nadir 
of ≤0.2 ng/ml (without additional ADT) is reached after 3 months.

This occurs specifi cally after “radical” HIFU (TUR and complete HIFU) 
shows prevalence in smaller glands and is combined in most cases with per-
fect oncological outcome (PSA = “0”).
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high-risk group (Gleason > 7) 82.1 %. PSA Nadir was found in average 2–3 months 
after HIFU treatment. The prostate volume in relation to the completeness of the 
HIFU treatment signifi cantly infl uenced PSA after treatment. PSA remained stable 
after treatment during the mean follow-up of 407 days. 

 Blana et al. reported a study of 140 patients with localized prostate cancer [ 45 ]. 
These patients had a baseline PSA value of ≤15 ng/ml and a Gleason score of ≤7. 
TRUS biopsies 6 months following HIFU treatment were negative in 93.4 % of 
patients. The mean PSA Nadir was 0.07 ng/ml and the PSA value remained during a 
mean observation period of 22 months at 0.16 ng/ml. In 77 % and 69 % respectively, 
there was no biochemical relapse after 5 and 7 years, respectively. Although a satis-
factory “cure” rate in patients with low- and medium-risk disease has been observed 
with HIFU as monotherapy, combination therapy should be considered for patients 
with high-risk disease. In this study, no severe incontinence (grade II–III) could be 
found. Because of a urinary obstruction 12 % of the patients needed a transurethral 
resection during the follow-up period. In 47.3 % of patients, potency could be main-
tained and there were no reports of signifi cant changes in International Prostate 
Symptom Scores (IPSS). The 5-year survival rates of this study correspond to the 
large series of standard treatments of localized prostate cancer [ 46 – 51 ], [ 82 ]. 

11.10       HIFU in Incidental PCa 

 Up to 8 % of patients who undergo TURP/adenectomy for BPH show unexpected 
PCa in histology [ 52 ]. Based on this experience we performed a prospective mono-
centric pilot study, treated and followed 78 patients since 2000, and could prove that 
the three most important oncological success criteria after HIFU are “PSA Nadir” 
of 0.07 ng/ml, “PSA velocity” in a 10-year follow-up of 0.01 ng/ml/year, and “no 
further salvage therapy” in combination with minimal side effect rate, proved per-
fect oncological outcome [ 53 ]. 

Our long-term results [ 1 ] in T1–2 PCa show in a cohort of 704 patients with a 
maximum follow-up of 14 years (median follow-up 5.5 years) that at 10 years 
2/3rd of the patients are biochemically disease-free (Phoenix criteria) and that 
¾ did not need another salvage therapy.

Even if TUR-detected tumor volume, initial PSA, and Gleason score staged a 
“low-risk tumor,” some patients opt out of psychological reasons for a nonin-
vasive single-session HIFU therapy rather than “wait and see,” “watchful 
waiting,” or even radical surgical or radiation approach. HIFU is the only 
therapy profi ting out of the previous TUR!
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11.11       Training and Costs 

 Nowadays, the acceptance of a new cancer therapy is infl uenced not only by its onco-
logical effi cacy or side effects but also very much by its costs and reimbursement 
issues. Local costs have to be analyzed by the user and accepted by the reimbursing 
authority and the patient. Direct and indirect costs have to be considered, and costs 
have to be compared to alternative therapies already existing [ 55 ]. Cost reduction is, 
that HIFU by Ablatherm® is a mobile system: it needs neither installation nor specifi c 
external conditions. As a patient bed, it passes normal doors and elevators. It is a “roll-
in-roll-off” or “plug-and-play” device, which can be set up in start conditions within 
15 min after entering a room – important for mobile use and OR occupation. 

 Just a 16 A electric plug and anesthesia support are needed to perform therapy; 
no specifi c sterile operation room needs to be occupied. 

  Training of new users is standardized since >10 years [ 83 – 86 ]. 
 There is “on-site backup” by experienced coach or application specialist until the 

new user feels comfortable, mostly after about ten treatments. As perioperative side 
effects are rare and hospitalization is short, the additional costs are homogeneous 
and easy to calculate. 

11.12       Side Effects After Primary, Localized HIFU 

 Today’s observed side effects after HIFU for prostate cancer are mainly intermedi-
ate voiding dysfunction and retention caused by edema, necrosis, or bladder outlet 
obstruction at 6–12 months [ 2 – 4 ,  6 ]. 

 Severe side effects such as rectourethral fi stula [ 56 – 58 ], grade II–III urinary incon-
tinence, or permanent bladder outlet obstruction occurred and referred in most cases on 
the prototype devices without cooling, without real-time visualization, and without 
robotic autofocus applicator adjustment. Prevalence of side effects was as in therapeu-
tic salvage situations (i.e., locally recurrent PCa after surgery and radiation). 

HIFU or “TUR and HIFU” is a “one-man show”: a urologist and an anesthe-
siologist are necessary during this 2.5 h treatment, so it is staff saving (less 
staff for a complex robotic surgery is not possible).

While most other treatment options for localized prostate cancer (e.g., sur-
gery, radiation, cryotherapy, or brachytherapy) cannot be repeated in cases of 
local PCa recurrence, HIFU for PCa can be repeated safely (not after previous 
radiation!) and shows to be even more effective the second time [ 54 ].
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   In none of our treatments have been occurred any intra- or perioperative severe side 
effects: (no emergency surgery, no blood transfusions, no intensive care, no thrombosis 
or pulmonary embolism) occurred. This shows the low invasiveness of the therapy. 

  Recurrent PCa after HIFU has a smaller volume (<10 cc) than before and can be 
retreated by HIFU without increased morbidity, if there has not been previous radia-
tion therapy [ 54 ]. 

 To reduce postoperative urethral catheter time and postoperative morbidity 
(sludging, obstruction, infection), prospective studies were undertaken to observe 
the effect of a combination therapy (HIFU and TUR). In a pilot study in 30 patients 
with localized prostate cancer, a one-stage (in same anesthesia) combination ther-
apy with TUR and HIFU was performed. Mean treatment duration was 2:48 h. The 
transurethral catheter time was 2 days and the mean hospitalization 3 days. After 6 
months, control biopsies were negative in 80 % of patients, and the median PSA 
was 0.9 ng/ml. Mean Post-treatment International Prostate Symptom Score (PIPSS) 
was 6.7, compared with a pretreatment score of 7.5. Potency was preserved in 73 % 
of patients who had reported no erectile dysfunction before treatment [ 35 ]. 

 Today’s rate of adverse events among patients with primary – not salvage – therapy is 
low in regard to stress incontinence: grade I° is observed in 4–6 % of patients and grade II 
in 2 %, but secondary infravesical obstruction is seen in up to 25 %. Severe incontinence 
(grade III) and urethra–rectal fi stulae are rare (<1 %) since the introduction of robotic 
rectal HIFU integrating with real-time visualization (since 2005) (Figs.  11.4  and  11.7a ). 

 Preservation of erectile function is directly dependent on the position of the pri-
mary lesion in relation to the neurovascular bundle (complete, partial, or focal treat-
ment) (Figs.  11.8  and  11.9b ). Although sparing the contralateral side for 
neurovascular preservation can improve potency, it results in a higher local failure 
and consequent HIFU retreatment rate [ 49 – 52 ].    

11.13     Salvage Prostatectomy After HIFU 

 Before introduction of the combination therapy (TUR + HIFU) we performed seven 
radical prostatectomies after HIFU between 1996 and 2000. This was due to ini-
tially incomplete HIFU treatments of larger-size prostates. As the application of 

Finally, there is no general “Gleason shift” to more aggressive stages in recurrent 
PCa after HIFU seen, as it typically happens after ADT or radiation therapy [ 59 ].

It is important to mention that side effects typically occur within the fi rst 
months and decrease up to maximum of one year. Later primary onset of side 
effects is unknown.
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HIFU causes severe fi brotic adhesions between the rectum and Denovillier’s fascia, 
radical prostatectomy after HIFU is surgically more demanding; however, in our 
experience it was not associated with higher morbidity compared to a standard pros-
tatectomy, and it was easier than prostatectomy after radiation therapy. 

Since the introduction of “TUR before HIFU,” radical prostatectomy is rare 
and diffi cult, because now the prostate volume is small and the resected blad-
der neck fi brotic: so HIFU should not be misunderstood by the patient as a 
“trial and error” procedure before a potential radical surgery, and a patient has 
to be informed about this.

  Fig. 11.8    Focal.One®. ( a ) Device. ( b ) Operators interface/monitor. ( c ) Patient’s therapy position           

a
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b
Fig. 11.8 (continued)
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c

Fig. 11.8 (continued)

a

b

  Fig. 11.9    Focal Prostata 
cancer. ( a ) Monofocal – 
hemiablation. ( b ) 
Mulitfocal – safety 
margin ablation       
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11.14       Salvage HIFU After Brachytherapy 

 Limited experience exists with HIFU following brachytherapy, but it appears that 
this approach is not associated with a signifi cant increase in complications com-
pared to primary HIFU [ 61 ]. It is defi nitively advisable to monitor the position of 
the seeds precisely before HIFU (TRUS/MR). 

11.15       Salvage HIFU After Radical Prostatectomy 

 Therapeutic options for local recurrence following radical prostatectomy are limited 
and typically it is radiation therapy. Even here, failure rate is 67 % at 4 years 
(CaPsure database). HIFU offers an additional treatment option when local recur-
rence can be identifi ed through transrectal ultrasound and verifi ed by biopsies. After 
treatment with HIFU, the treated areas showed negative biopsies in 77 %. The PSA 
Nadir averaged 0.2 ng/ml and 66 % of the patients achieved PSA Nadir values 
<0.5 ng/ml. During follow-up of 5 years, 91 % of the patients showed no biochemi-
cal progress [ 62 ,  63 ].  

11.16       Salvage HIFU After Radiation Therapy 

 HIFU treatments have been performed as salvage therapy following external radio-
therapy failures. A. Gelet reported results of 71 patients [ 64 ]. All patients were diag-
nosed with a biochemical recurrence and local disease confi rmed by biopsies. 

There should be no seeds outside the prostate capsule, especially not between 
the rectum and the prostate. In these areas, they would interfere with the direct 
entry path of the ultrasound. Intraprostatic seeds seem not to disturb.

Personal experience showed that best – even curative – results could be 
achieved when patients had a recurrent PSA < 1 n/ml, related to a small and 
defi ned tumor volume. In cases with bigger local recurrent tumors and higher 
PSA levels, salvage HIFU after surgery served to stop the regrowth of residual 
cancer tissue after a locally debulking TUR.

The major side effect after this salvage procedure was urinary stress inconti-
nence. We experienced that patients without post-surgery incontinence did 
better than patients with a longer incontinence history (probably their conti-
nence was caused by recurrent tumor growth) [ 62 ,  63 ].
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 In one third of patients, androgen deprivation was employed either as a measure 
to auxiliary radiotherapy or early biochemical relapse, prior to HIFU treatment. 
During follow-up after HIFU, 80 % of treated patients showed negative biopsies 
(median follow-up period of 14.8, 6–86 months). The median PSA Nadir was 
0.2 ng/ml. In patients with HIFU as salvage therapy after external radiotherapy, a 
signifi cantly higher rate of side effects is observed, compared with patients who 
undergo primary HIFU therapy. Nevertheless, there is a favorable risk–benefi t ratio 
after HIFU treatment as compared to the alternatives [ 64 – 68 ], [ 81 ]. 

11.17       Cytoreductive Supportive HIFU in Advanced PCa 

 Pilot study results for the palliative treatment of advanced prostate cancer with 
HIFU show promising results in terms of reduction in local morbidity (rectal com-
pression, infravesical obstruction, hydronephrosis, hematuria, pelvic pain syn-
dromes) as well as in PSA reduction and salvage treatment-free survival. Published 
data in monocentric group ( n  = 143) in T3 and CrPCa cases with follow-up of 10 
years show a post-HIFU low PSA velocities of 0.17 ng/ml/year in favorable T3 
disease (PSAi < 20 ng/ml and without additional hormone ablation). Local tumor 
ablation with HIFU also resulted in a PSA reduction of 83 % in HRPCa cases. There 
was also evidence of a synergistic effect in hormone ablative therapies, with delays 
seen in the onset of hormone resistance [ 60 ].  

11.18     Cytoreductive HIFU in Castration-Resistant PCa (CrPCA) 

 Castration resistance after long-term ADT occurs in most cases after years, in high- 
Gleason tumors faster than in low-Gleason tumors. As ADT is not curative but only 
palliative, it should not be started too early. Therapeutic options in ADT-resistant 
progressive PCa are rare and poor. We performed a pilot study to evaluate HIFU 
effi cacy in this specifi c patient group and could show a 84 % PSA decrease and 
delay of disease (return of PSA to level at inclusion) of years [ 60 ]  

11.19     Immunological Induction by HIFU? 

 Recent progress has been made in developing an effective immune strategy for treat-
ing prostate cancer. A number of immunotherapy regimens are being studied includ-
ing immune-modulating cytokines/effectors, peptide and cellular immunization, 

HIFU as therapeutic treatment option for recurrent prostate cancer  is salvage ther-
apy option is included in most European guidelines (France, Italy, Germany): if it 
works there why shouldn’t it be even more effective in primary indications as well?
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viral vaccines, dendritic cell vaccines, and antibody therapies. Immune- modulating 
agents, such as granulocyte–macrophage colony-stimulating factor (GM-CSF), Flt3 
ligand, and IL-2, have been used to stimulate the immune system to generate an 
antitumor response against prostate cancer. 

 Several recent studies have looked at the potential of HIFU to initiate an immune 
response. Especially Asian scientists published about the effect of HIFU on sys-
temic antitumor immunity, particularly T-lymphocyte-mediated immunity in cancer 
patients. 

 They investigated whether the tumor antigens expressed on breast cancer cells 
may be preserved after HIFU treatment. Primary tumors in 23 patients with biopsy- 
proven breast cancer were treated with HIFU, than submitted to modifi ed radical 
mastectomy. Breast cancer specimens were then stained for a variety of cellular 
molecules, including tumor antigens and heat-shock protein 70 (HSP-70). 

 A number of tumor antigens were identifi ed, and these could provide a potential 
antigen source to stimulate antitumor immune response. 

 It has been suggested that endogenous signals from HIFU-damaged tumor cells 
may trigger the activation of dendritic cells and that this may play a critical role in 
a HIFU-elicited antitumor immune response. 

 Status of tumor-infi ltrating lymphocytes (TILs) after HIFU ablation of human 
breast cancer has been investigated. Results show that TILs infi ltrated along the 
margins of the ablated region in all HIFU-treated neoplasms, and the numbers of 
tumor-infi ltrating CD3, CD4, CD8, CD4/CD8, B lymphocytes, and NK cells were 
increased signifi cantly with HIFU treatment. The number of FasL(+), granzyme(+), 
and perforin(+) TILs was signifi cantly greater in the HIFU group than in the control 
group (Fig.  11.10 ) [ 69 – 74 ].   

11.20     Focal, Multifocal, Partial, or HEMI-HIFU Application 

 Latest treatment options for prostate cancer, which are being considered and already 
studied, include the development of a precise monofocal or multifocal therapy (25–
40 % treatment volume), without TURP (if not obstructed and without strong calci-
fi cations or extensive middle lobe) as well as partial therapy (40–90 % treatment 
volume = contralateral nerve sparing and with TUR). 

 HEMI-HIFU ablates one single lobe only (<50%); partial (=potency protective 
or nerve sparing) HIFU excludes a minimum of 5 mm of the contralateral capsule 
and neurovascular bundle and treats up to 90% of prostatic tissue. 

Patients qualifying for one of these approaches should be advised of the risk 
of tumor recurrence in the untreated area and have to be informed that they 
cannot expect PSA Nadir levels as in complete or radical therapy and that a 
“biochemical follow-up by PSA” depends more on PSA velocity than on PSA 
level.
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  A close follow-up of these patients is indispensable. There are several critical 
issues that need to be addressed regarding focal therapy of prostate cancer: the fi rst 
of these is the accurate identifi cation and localization of the so-called index lesion 
within the prostate on which to focus therapy. 

  There are also issues relating to the effectiveness of focal treatments and how 
patients should be monitored following treatment, whether this is with PSA moni-
toring, biopsy, or perhaps imaging in the future. These issues are meanwhile stressed 
suffi ciently in three prospective study protocols for focal HIFU recruiting already in 
the United States, France, and Germany. 

The operator needs to see the tumor and to be sure that there is not tumor if he 
don’t see it.

Patients qualifying for focal HIFU ablation should have 1–2 unilateral biopsies 
Gleason 6, maximum 5 % Gleason 7a, and a PSAi < 10 ng/ml. There should not 
be a urinary obstruction or calcifi cations on the tumor-affected lobe.

! On 26 mm limited active
                    penetration depth 

! Unavoidable
extracapsular
ablation close to
neurovascular
bundles 

! Up to 45 mm enlarged active
  and  flexible penetration depth 

! NO extracapsular
ablation close to
neurovascular
bundles !

a

b

  Fig. 11.10    HIFU applica-
tion possibilities. ( a ) 
Ablatherm®: ventral and 
laterally limited. ( b ) Focal.
One®: 3D perfect anatomical 
adaption       
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  Localization of tumor within the gland both before and control after treatment 
is another important issue. The application and the continued development of a 
variety of imaging and 3D biopsy techniques are likely to provide improvements 
in the visualization and assessment of HIFU lesions in the near future. With 
regard to localizing disease, variable sensitivity of magnetic resonance imaging 
(MRI) has been reported. Functional imaging techniques such as dynamic con-
trast-enhanced (DCE) MRI, diffusion-weighted imaging (DWI), and magnetic 
resonance spectroscopic imaging (MRSI) have been evaluated in an attempt to 
improve the detection and localization of prostate cancer. Results suggest that 
vascular information from DCE-MRI or DWI MRI combined with metabolic 
data from MRSI have extremely good potential for improving the accuracy of 
defi ning and staging prostate cancer. 

 In terms of visualization of the effi cacy of HIFU treatment, MRI is the gold- 
standard technique, and the extent of necrosis can be clearly visualized on 
gadolinium- enhanced T1-weighted images. MRE might also provide a means of 
assessing the effects of thermal tissue ablation by measuring the mechanical 
properties of the lesion. HIFU-induced lesions are visible using standard ultra-
sound, although there are limitations to the accuracy of this approach. 

 Other ultrasound-based techniques that might prove useful for assessing the 
extent of HIFU-induced lesions include contrast-enhanced power Doppler and other 
techniques that characterize the acoustic properties of tissues. 

 Focal therapy has been compared with whole-gland ablation in a series of 70 
patients. Of the 29 patients with unilateral disease, focal therapy involved ablation 
of the total peripheral zone and a half portion of transitional zone and resulted in a 
77 % negative biopsy rate at 12 months. Of the remaining 41 patients with bilateral 
disease, whole-gland ablation resulted in an 84 % negative biopsy rate at 12 months. 
Two-year biochemical recurrence-free survival rates were 91 and 50 % for low- and 
intermediate-risk groups undergoing whole-gland ablation compared with 83 and 
54 %, respectively, for the focal therapy equivalents. Morbidity with the two forms 
of HIFU was comparable [ 75 – 80 ].  

    Conclusion 

  PSA triggers the diagnosis of PCa detection and it is usually diagnosed earlier 
than 25 years ago. Patient’s life expectancy as well is longer and therefore the 
diagnostic and therapeutic period is signifi cantly extended. Besides this, 
resources for medical therapy are not increasing in the same way; new cost-
effective noninvasive diagnostics and therapies have to be developed. PCa ther-
apy changes to an individualized, multimodal, sequential therapy, which opens a 
large space for minimal invasive therapies. Transrectal HIFU for prostate cancer 
therapy by Ablatherm® is a precise, robotic, evolving, safe, and effective treat-
ment which might fi t in this gap.   

 PSA was in “Pandora’s box” – as Richard J Ablin says – and it is now open !
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12.1           Introduction 

 The concept of focal therapy fi rst rose up with lumpectomy for breast cancer. The 
preservation of healthy glands surrounding the tumor allowed to minimize esthetic 
damage with its psychological impact on women and remained safe in terms of 
oncologic outcomes, as far as resection margins around the tumor had been respected 
[ 1 ]. Secondly, partial nephrectomy for small renal masses with surgical excision of 
the tumor, sparing ipsilateral nephrons, proved to be also an oncologically safe 
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procedure with longtime preservation of kidney function and prevention of cardio-
vascular death compared to radical nephrectomy [ 2 ,  3 ]. Equivalent strategies exist 
for the thyroid [ 4 ], liver [ 5 ,  6 ], and pancreas (Whipple procedure) [ 7 ]. This para-
digm should be extended to prostate cancer where tissue preservation in this situa-
tion would not lead to esthetic or overall survival gain but to quality of life 
improvement mostly due to urinary, sexual, and intestinal side effects of whole- 
mount gland ablation. The challenging localization of the prostate into the pelvis 
and its anatomical relations with functional or dangerous structures such as the 
urethral sphincter, rectum, neurovascular bundles, and dorsal venous complex make 
its surgical partial ablation hardly conceivable, and no such series had been reported 
to our knowledge. From this statement, new uro-technologies appear as a no-brainer 
to face this challenge. Many new ablative technologies seem to offer an alternative 
between a functionally mutilating radical treatment (radical prostatectomy or exter-
nal beam radiation therapy) and a potentially undertreating active surveillance. To 
date, there is no randomized controlled trial comparing focal technique to another 
or focal technique to radical treatment and/or active surveillance. As a result, most 
of the practices are based on a lower level of evidence. Although the use of this new 
oncological approach for small prostate cancer starts to spread throughout the uro-
logical community, supported by encouraging clinical outcomes, some caveat have 
to be emphasized in order to prevent this new hope for patient management in terms 
of functional outcomes from turning to hell.  

12.2     Hope of Focal Therapy 

12.2.1     Minimally Invasive Techniques for Small Tumors 

 Numerous ablative techniques had been developed by industries during the last 
decade and described in previous chapters of this book: cryosurgery, high-intensity 
focal ultrasound (HIFU), photodynamic therapy (PDT), laser therapy, brachyther-
apy, irreversible electroporation (IRE), etc. All of them use either transrectal (HIFU) 
or transperineal percutaneous needle approaches (cryotherapy, IRE, brachytherapy, 
laser therapy, PDT, radiofrequency ablation). There are also different tissue- 
preserving strategies used across different series: hockey stick, hemiablation, mul-
tifocal, and unifocal [ 8 ]. All these techniques and strategies aimed to be less invasive 
than radical treatment in terms of surgical approach but also in terms of functional 
tissue preservation: neurobundles to preserve potency, urethral sphincter to preserve 
continence, and Denonvilliers fascia to prevent rectal toxicity. The length of hospi-
tal stay is often considered as a surrogate to measure the effi cacy of a less invasive 
surgical technique. In their recent review, Valerio et al. analyzed data from 25 stud-
ies reporting focal therapy for prostate cancer in the primary setting. Among 14 
series reporting on the length of hospital stay, the overall median length was 1 day. 
In a less recent study, Lotan et al. compared the length of hospital stay for patients 
undergoing radical prostatectomy with retropubic, laparoscopic, or robot-assisted 
approaches in order to assess overall cost of the three techniques. The mean length 
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of hospital stay was respectively of 2.5, 1.3, and 1.2 days [ 9 ]. Although those results 
should be interpreted with caution (the length of hospital stay is very dependent on 
the healthcare system of each country), they give us a general idea and fi t with our 
common sense that needle surgery is probably less invasive than open, laparoscopic, 
or robot-assisted surgery. 

 Another way to estimate the invasiveness of a technique is to control the qual-
ity of life before and after the procedure. In their review, Valerio et al. [ 8 ] reported 
urinary functional outcomes using validated questionnaires from nine studies; the 
pad-free continence rate varied between 95 and 100 %, and the range of leak-free 
rates was 83–100 %. Erectile function was reported using validated questionnaires 
in 10 studies. Erectile function suffi cient for penetration was reported in 54–100 % 
of patients (with or without PDE5-I medication). Rectal toxicity was often poorly 
reported. When it was reported, rates of fi stula ranged from 0 to 1 %. In a prospec-
tively designed study, Sanda et al. compared quality of life outcomes after primary 
treatment of prostate cancer using the three main whole-mount gland treatment strat-
egies: radical prostatectomy, external beam radiation therapy, or brachytherapy. The 
percentage of patients reporting no problem or small problems for sexual function, 
urinary continence, and bowel/rectal function using a self-questionnaire was, respec-
tively, 50, 92, and 98 % for patients treated by radical prostatectomies; 69, 95, and 
89 % for radiotherapies; and 70, 95, and 91 % for brachytherapies [ 10 ]. Although 
only randomized controlled trials could bring a defi nitive statement on this topic, 
focal therapy seems to fulfi ll the main aim to be less invasive than radical treatments.  

12.2.2     Treatment of Radiation Failure 

 Another promising application of focal therapy is the treatment of local recurrence 
after external beam radiation therapy (EBRT) for prostate cancer. The overall local 
relapse rate after EBRT is estimated to be around 30 % on prostate biopsies per-
formed at least 2 years after EBRT [ 11 – 13 ]. This recurrence rate is signifi cantly 
lower with high-dose radiation compared with conventional doses. Most men pre-
senting cancer relapse after EBRT are treated with androgen deprivation therapies, 
a systemic strategy involving serious impacts on the quality of life and cardiac, 
bone, and metabolic health [ 14 ,  15 ]. Most patients presenting a local recurrence are 
suitable for a local salvage treatment. Several whole-mount prostate treatments have 
been explored with acceptable oncological results [ 16 – 18 ]: radical prostatectomy, 
cryoablation, HIFU, and brachytherapy. When used in already irradiated tissue, 
these techniques present higher rates of genitourinary and bowel morbidity than for 
primary settings because of the previous damages of the surrounding structures. 
Approximately 66 % of men who have localized failure after EBRT can develop 
recurrent unifocal or unilateral cancer, and the main site of recurrence is usually the 
site of the index lesion before primary treatment [ 19 – 23 ]. From this statement, the 
rationale of focal salvage therapy would be to target this zone with safety margins 
in order to spare noncancerous tissue and respect the surrounding structures. Several 
studies have reported the feasibility of focal salvage therapy using brachytherapy 

12 Future Uro-technologies: Hope or Hell for Prostate Cancer Patients?



138

[ 24 ], cryoablation [ 25 – 27 ], HIFU [ 28 ], or radiofrequency interstitial tumor ablation 
(RITA) [ 29 ]. From oncological perspectives, those studies reported positive biopsy 
rates ranging from 8 to 10 % when using TRUS biopsies and 44 % when using 
transperineal template mapping biopsies for a median range follow-up of 17–47 
months [ 8 ]; only one series reported the presence of residual signifi cant cancer with 
a rate of 8 % [ 27 ]. The overall survival was 100 % in the two series that reported this 
outcome [ 27 ,  29 ]. Focal salvage treatment functional outcomes can hardly be gen-
eralized from the limited data available in literature. Continence, estimated by the 
pad-free rate, was achieved in 87.2–100 % of patients. In three studies ( n  = 82), 
potency was preserved in 29–40 % of previously potent patients [ 25 ,  27 ,  28 ]. The 
rate of rectourethral fi stula (0–12 %) was signifi cantly higher than in the primary 
cases [ 8 ]. Although the number of patients included was limited and a large ran-
domized controlled trial to validate this strategy is still awaited, all these studies 
concluded in the feasibility of focal therapy in the frame of local recurrence post- 
radiotherapy. It seems to be a pertinent option when patients are properly selected.  

12.2.3     Re-treatment Without Problems 

 Finally, another advantage of focal therapy, although it is hardly demonstrated in 
literature, is the possibility to treat and re-treat safely the prostate with the same 
technique. Twelve series reported the need for secondary focal treatments with a 
range of 0–34 % [ 8 ]; this re-treatment is feasible and allows another chance to pre-
serve genitourinary and bowel functions to the patients or, in the case of a second 
relapse, to postpone radical treatment and associated side effects.   

12.3     How Hope Could Turn to Hell 

12.3.1     Uncertainty If All Cancer Is Gone 

 One limitation of focal therapy is the absence of a surgical specimen to analyze in 
order to check the procedure quality. Just like EBRT, this statement has two negative 
consequences to deal with: fi rst is the uncertainty if all cancer is gone. Did ablative 
margins safely enclose the whole tumor? Had all central tumor cells been ablated 
effi ciently? Second is the inability to confi rm imaging- and biopsy-based tumor 
grading and staging. It has been shown that tumor upgrading and upstaging occur in 
respectively 6–36 % [ 30 – 32 ] and 27–57 % [ 33 ] from biopsy and imaging to surgical 
specimen analysis. Patients treated with radical prostatectomy can benefi t from this 
pathological control by being potentially reclassifi ed in a worse-prognosis risk 
group and receiving adjuvant treatment to improve their survival. This limitation 
has to be compensated by a thorough follow-up based on control biopsy, preferably 
transperineal template mapping biopsies (TTMB), never as sensitive as whole- 
mount prostate section analysis, and accurate imaging strategy including multi- 
parametric MRI.  
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12.3.2     Metastasis Development 

 Another challenge of focal therapy is the follow-up based on poorly known conse-
quences of this new strategy on the disease natural history. Cancer relapse is well 
defi ned in the frame of whole-mount prostate treatment (prostatectomy or EBRT): 
clinical evidence of recurrence, 2 consecutive PSA values of 0.2 ng/mL or greater 
after radical prostatectomy, and rise of 2 ng/mL above the posttreatment PSA nadir 
after radiation therapy [ 34 ]. Focal therapy does not have such a well-defi ned, vali-
dated PSA cut point to defi ne biochemical failure. It is hard to assess how much 
healthy gland has been spared during the procedure and how far this remaining 
prostate tissue is responsible for posttreatment PSA level. An important prognosis 
marker for prostate cancer is PSA velocity or PSA doubling time, often used to 
choose therapeutic options after post-curative treatment biochemical failure. The 
calculation of PSA doubling time is based on the assumption that PSA follows an 
exponential pattern in case of relapse. To our knowledge, this statement has never 
been confi rmed after focal therapy. We do not know if PSA doubling time can be 
used as a prognostic marker and what would be a sensitive cutoff to search for local 
or systemic recurrence. There is still a broad fi eld of research to understand how the 
cancer behaves in case of relapse and what would be pertinent markers to trigger 
specifi c diagnostic investigations to search for local or metastatic progression.  

12.3.3     Development of Significant Complications Such as Fistula 
and Incontinence 

 With focal therapy being a recent strategy, competing on one side with active sur-
veillance and on the other side with radical treatments, there are still improvements 
to be made to better select candidates and to standardize what zone to ablate and 
with which energy. Although functional outcomes seem promising, there are still 
cases of rectourethral fi stula [ 35 ] and incontinence reported [ 8 ]. As a minimally 
invasive technique, those side effects should be exceptional and could probably be 
reduced by standardization of techniques and defi nition of criteria predicting those 
side effects, allowing a better hazard control.  

12.3.4     New Technologies Without Standing the Test of Time 

 The most important danger of focal therapy is inherent with the development of new 
technologies encouraging the rapid spread of new techniques, shortcutting the real 
bottleneck of medical innovation validation: the randomized controlled trial. There is 
a time frame to seize the opportunity of a clinical trial for new surgical technologies, 
between safety validation on preclinical models and the empirical adoption of this 
new technique by a large surgeon community that would make it hard to compare 
new techniques with the original standard one. The classical example to illustrate this 
fact is the development of robot-assisted radical prostatectomy (RARP): no 
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prospective randomized controlled trial had been led to compare it with open radical 
or laparoscopic prostatectomies in order to obtain approval of this technique. Today 
we probably missed the train, and it is very unlikely that a large prospective trial can 
be designed with clinicians and patients accepting to be included in the controlled 
arm of open prostatectomy while they could benefi t the pretended better technique of 
RARP. This problem of safe and rigorous evaluation is particularly challenging for 
surgical techniques compared to new drug development since it requires good col-
laborations inside surgeons’ community.   

    Conclusion 

 To conclude, we have reasons to be optimistic and should encourage the develop-
ment of focal therapy for prostate cancer. Although pertinent evidences are still 
lacking, it seems to be a minimally invasive technique allowing shorter hospital 
stay and less complications while remaining a safe curative treatment. There is 
certainly a place for focal therapy as a salvage treatment after external beam 
radiation treatment failure, and we hope to see this technique as a safe way to 
re-treat cancer and preserve genitourinary and bowel functions better than cur-
rent mutilating whole- mount gland treatments. As a minimally invasive treat-
ment, most of the focal techniques allow re-treatment of the gland after evidences 
of fi rst treatment failure (positive biopsy for signifi cant residual cancer). 

 Our enthusiasm should not blind us from potential hazards associated with 
focal therapy. The inability to control the prostate after treatment because of the 
absence of pathological specimen should be compensated by standardized and 
validated follow-up protocols based on accurate imaging (multiparametric MRI) 
and biopsies. We also need to validate good markers for recurrence detection in the 
posttreatment follow-up. The signifi cant number of serious complications such as 
rectourethral fi stula or incontinence reported in literature reveals that there are still 
technical improvements to be made and better patient selection. We believe that the 
time for proof-of-concept studies is about to be achieved, but the urologist com-
munity should not be satisfi ed by this level of evidence. Now is certainly the right 
time to launch a prospective controlled trial to validate the different focal therapy 
techniques and compare them to each other and with active surveillance or radical 
treatments. This validation requires high-level collaborative works inside urolo-
gists’ community but also with radiologists, radiotherapists, and pathologists. This 
effort has to be launched now since we have observed in the past that the time 
period to conduct such controlled trial for new technologies is limited.     
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