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Introduction

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

The recognition of the multifocality of the
majority of cases of PCa, likelihood of syn-
chronous cancer lesions, and lack of specific
and sensitive imaging modalities to accurately
identify the extent or contours of significant
cancer foci remain major limitations to more
broad implementation of FT [9-11]. Although,
several recent studies based on unbiased
genome-wide approaches demonstrated that
anatomically distinct tumor metastases are
derived from a single progenitor clone [12—15].
These data of the literature suggest that most
commonly the driver lesion with potentially
lethal clone is located inside of the index focus,
which gives the bright prospects for focal abla-
tion of this focus with potentially curable
intent. However, currently, we still lack a reli-
able diagnostic tool to rule out an existence of
this lethal clone in secondary (satellite)
lesion(s) in some cohort of patients.

85

T.J. Polascik (ed.), Imaging and Focal Therapy of Early Prostate Cancer,
Current Clinical Urology, DOI 10.1007/978-3-319-49911-6_7


mailto:Vladimir.Mouraviev@flhosp.org

86

V. Mouraviev et al.

In this chapter we review the current literature
on the pathologic significance of PCa including a
number of tumors, location, aggressiveness, inva-
siveness, uni- vs. multifocality, and laterality
along with genomic alterations. As we continue
to understand the histologic and genomic biology
of index and satellite lesions, we can better select
candidates and predict those men most likely to
benefit from an organ-preserving treatment
approach.

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

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

The Index Lesion as a Driver of Cancer
Progression

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

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

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

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

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

Several reports contend that secondary, small-
volume tumors do not significantly influence the
survival of patients after RP [34-37]. A study by
Liu et al. revealed support for a single aggressive
lesion affecting the mortality of patients with
advanced PCa [13]. This multi-institutional study
using high-resolution, genome-wide single
nucleotide polymorphism and copy number
reported on 94 anatomically separate cancer sites
in 30 men who died from metastatic PCa. These
data in conjunction with a single-locus genetic
study of advanced PCa evaluating the role of
TMPRSS2-ETS in tumor progression demon-
strated that in spite of common genetic heteroge-
neity in primary cancers, most metastatic cancers
arise from a single clone of index lesion [13].
On the contrary, emerging data suggests that
secondary tumors may grow and become clini-
cally significant over time [38, 39]. The advanced
genome-wide association studies (GWAS) have
emerged as a new approach to identify alleles
associated with prostate cancer risk in unbiased
fashion; i.e., without prior knowledge of their
position or function [40—43]. These GWASs can

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

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

Taken together, the aforementioned studies
reveal a series of unexpected characteristics of
localized prostate cancer. First, they demonstrate
the presence of widespread field effects, with
mutational stress across the entire prostate gland
superimposed with tumor evolution and selective
pressures to produce substantial spatial heteroge-
neity. Second, they highlight the challenge of
treating tumors composed of different subclones,
some of which may respond to specific systemic
or targeted therapies, and suggest a need for mul-
timodal interventions. Finally, they suggest that
genomic interrogation of a single biopsy speci-
men may be insufficient to generate robust pre-
dictions from molecular biomarkers, even if
suspected trunk mutations are considered because
of apparent multiple clonally independent tumors
within a single individual. To date, these conclu-
sions are based on a limited number of patient
trials; therefore they cannot be used to make
generalizations for all candidates for FT. More
robust clinical observations are required.
Furthermore, it is well known that these multiple
genetic events may not always have an impact on
the natural history of the disease.
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Fig. 7.1 Molecular and pathological findings in the pri-
mary tumor and their clonal relationship to the distant
metastases. (a) Proposed model of disease progression in
this index case, based on sequencing and molecular patho-
logical analyses. Phylogenetic relationships of distant
metastases were calculated based on structural rearrange-
ments. (Reprinted with permission from Haffner MC,
Mosbruger T, Esopi DM, Fedor H, Heaphy CM, Walker
DA, et al. Tracking the clonal origin of lethal prostate can-

If secondary cancers are initially left untreated,
a stringent surveillance protocol including
imaging and novel genomics tools should be fol-
lowed. If significant growth of secondary lesions
is noted during follow-up after index ablation,
repeat ablation should be performed.

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

/ Metastatic

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

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

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

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

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

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

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

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

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

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

Gleason Grade

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

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

In a contemporary series of patients who were
selected for FT, most (85 %) had Gleason scores
5-7. Among these, Gleason 7 is of particular
interest due to the controversy related to tumor
biology and aggressiveness [17]. Some studies
did not demonstrate a significant difference
between clinical outcomes with histologically
confirmed PGG 2 (GS 3+4) compared to PGG 3
(GS 4+3) disease [17]. However, other studies
purport that cancers with primary Gleason pattern
4 have less favorable clinical behavior than those
with primary Gleason pattern 3 [17]. Analyzing
1688 men 10 years after RP, Tollefson et al. dem-
onstrated that a PGG 2 (GS 3+4) was associated
with an increased biochemical disease-free sur-
vival (bDFS) (48 % vs. 38 %), lower systemic
recurrence (8 % vs. 15 %), and higher cancer-
specific survival (97 % vs. 83 %) compared to
PGG 3 (GS 4+3), respectively [54]. Burdick et al.
presented the results of 705 patients with Gleason
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Fig. 7.2 Schematic diagrams demonstrating the types of
focal therapy conducted in prospective development study
on focal ablation of index lesion in multifocal localized
prostate cancer. Large red areas represent dominant can-
cers (so-called index lesions), while small green areas rep-
resent small, low-grade, secondary lesions. Red transparent
boxes represent ablation zones on the high-intensity

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

Prognostic grade group Gleason score
1 343=6

2 3+4 =17

3 443 =17

4 8

5 9-10

7 prostate cancer treated with RP (n = 310),
external beam radiotherapy (n = 268), or brachy-
therapy (n = 127) [55]. The 5-year bDFS rate was
78 % and 71 % (p = 0.0108) for PGG 2 (GS 3+4)
and PGG 3 (GS 4+3), respectively [55]. The
Physicians’ Health Study and the Health
Professionals Follow-Up Study reported on the
mortality of PCa [56] suggesting that PGG 3 (GS
4+43) cancers were associated with a threefold

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

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

Extraprostatic Extension Is Not
an Absolute Contraindication
to Focal Therapy

The risk of extraprostatic extension (EPE), which
upgrades primary PCa to clinical stage T3a,
should be considered in planning FT. EPE is a
significant pathological parameter identified after
RP that can influence disease-free recurrence. In
a multivariate analysis by Ohori et al. the amount
of EPE or prostate capsule invasion (PCI) was an
independent prognostic factor of disease recur-
rence. These authors detected a strong correlation
between the level of PCI and total tumor volume,
Gleason grade, SVI, positive lymph node status
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(+LN), and rate of biochemical recurrence after
RP [57]. Of interest, PCa did not appear to metas-
tasize in the absence of invasion into the prostate
boundary regardless of the volume or grade of
the intraprostatic tumor. Since EPE was identi-
fied as occurring more commonly on one side
(85 % unilateral EPE vs. 15 % bilateral in this
study), it is essential for optimal FT planning
to understand the precise location of EPE.
Unfortunately, EPE usually occurred near the
neurovascular bundle (NVB) where it was
exceedingly difficult to prevent collateral dam-
age to this structure during thermal ablation.
Figure 7.3 depicts the spatial location of EPE
based on a large RP series from Baylor College
of Medicine [57]. This map of possible locations
of EPE is important and may guide treatment
planning to preserve the contralateral NVB on
the untreated side, thereby preserving erectile
function.

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

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

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

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

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

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

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

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

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

In summary, PZ (foci <2 cc), TZ/AFMS can-
cer contours and locations can be predictable and
conform to histological zonal boundaries.
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<0.1cc
n=146

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

Knowledge of cancer origin and intraprostatic
pattern of dissemination can be important for
imaging, diagnosis, and guidance for biopsy and
focal therapy. Additional study will be necessary
to better understand the molecular events and
potential intraprostatic spread of cancers within
the prostate.

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

of Prostatectomy Specimens

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

0.2-0.5cc
n=24

permission from Nevoux P, Ouzzane A, Ahmed HU,
Emberton M, Montironi R, Presti JC, Jr., et al. Quantitative
tissue analyses of prostate cancer foci in an unselected
cystoprostatectomy series. BJU Int. 2012 Aug;110(4):517—
523 [60]

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

At the NCI, Turkbey et al. developed the cus-
tomized mold and provided tissue blocks that
permitted a direct one-to-one correlation with
in vivo MRI [62, 63]. The use of the customized
mold enabled more exact correlation between
each MRI parameter and the histopathological
specimen, without requiring a correction or an
approximation approach to validate MRI with a
more standardized, unbiased method. Whole-
mount histopathological evaluation of 45 prosta-
tectomy specimens revealed 342 tumor-positive
regions: 281 (82 %) in the PZ and 61 (18 %) in
the central zone (CZ) among 1746 regions. Of
these 342 tumor positive regions, 90 (82 %) in the
PZ and 20 (18 %) in the CZ contained tumors
5 mm or less in diameter, whereas 232 including
191 (82 %) in the PZ and 41 (18 %) in the CZ
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UNIFOCAL 42%

A B
MULTIFOCAL 58%
C D

UNILATERAL 21%

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

contained tumors greater than 5 mm in diameter.
Gleason scores were 7 or less in 235 regions: 194
(82.5 %) in the PZ and 41 (17.5 %) in the CZ
regions and greater than 7 in 107 regions; 87
(81 %) in the PZ and 20 (19 %) in the CZ regions.
On histopathological evaluation, extracapsular
extension was detected in 20 regions in 12 pros-
tatectomy specimens. Seminal vesicle invasion
was detected in two patients. The positive predic-
tive value of mpMRI to detect prostate cancer
was 98 %, 98 %, and 100 % in the overall pros-
tate, peripheral zone, and central gland, respec-
tively. The sensitivity of MRI sequences was
higher for tumors larger than 5 mm in diameter as
well as for those with higher Gleason scores
(greater than 7, p < 0.05) [63].

BILATERAL 79%

cant cancer of 0.1 cc undetectable by posterior SB. (c, d)
Unilateral (¢) and bilateral (d) multifocal cancers with a
large PZ cancer of 0.7 cc and a smaller TZ cancer of
0.1 cc. Modified with permission from Nevoux P, Ouzzane
A, Ahmed HU, Emberton M, Montironi R, Presti JC, Jr.,
et al. Quantitative tissue analyses of prostate cancer foci in
an unselected cystoprostatectomy series. BJU Int. 2012
Aug;110(4):517-523 [60]

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

Russo et al. presented results of 115 patients
with biopsy-confirmed prostate cancer who
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underwent mpMRI before radical prostatectomy
[68]. Stained whole-mount histological sections
were used as the reference standard. All lesions
were contoured by an experienced uropathologist
who assessed their volume and pathological
Gleason score. All lesions with a volume of
>0.5 ml and/or pathological Gleason score of > 6
were defined as clinically significant prostate can-
cer. In all, 104 of 115 index lesions were correctly
diagnosed by mpMRI with sensitivity—90.4 %
and 95 % confidence interval (CI) 83.5-95.1 %,
including 98/105 clinically significant index
lesions (93.3 %; 95 % CI 86.8-97.3 %), among
which 3 of 3 lesions had a volume of <0.5 ml and
Gleason score of >6. Overall, mpMRI detected
131/206 lesions, including 13 of 68 “insignifi-
cant” prostate cancers (Table 7.2) [68]. The multi-
variate logistic regression modeling showed that
pathological Gleason score (odds ratio [OR] 11.7,
95 % CI 2.3-59.8; P = 0.003) and lesion volume
(OR 4.24, 95 % CI 1.3-14.7; P = 0.022) were
independently associated with the detection of
index lesions at MRI.

In conclusion, fusion MRI/TRUS-targeted
biopsy:

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

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

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

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

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

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

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

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

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

Sensitivity, % (n/N)

‘ Gleason score <6 ‘ Gleason score 3+4 ‘ Gleason score 4+3 ‘ Gleason score >8 ‘ Total

All lesions

PZ 28.1 (18/64) 85.1 (63/74) 100 (22/22) 93.7 (15/16) 67 (118/176)
TZ 30 (6/20) 71.4 (5/7) 50 (1/2) 100 (1/1) 43.3 (13/30)
Total 28.6 (24/84) 83.9 (68/81) 95.8 (23/24) 94.1 (16/17) 63.6 (131/206)

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

PZ 70 (7/10) 85.1 (63/74) 100 (22/22) 93.7 (15/16) 87.7 (107/122)
TZ 66.6 (4/6) 714 (5/7) 50 (1/2) 100 (1/1) 68.8 (11/16)
Total 68.7 (11/16) 83.9 (68/81) 95.8 (23/24) 94.1 (16/17) 85.5 (118/138)

Data are percentages, numerators indicate the number of detected lesions, and denominators represent the total number

of lesions
PZ peripheral zone, TZ transitional zone

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

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

Ayres et al. evaluated the role of TTMB in 101
men on active surveillance at a single center [72].
Criteria for active surveillance were <75 years,
Gleason <343, PSA < 15 ng/ml, clinical stage
T1-2a, and <50 % TRUS guided transrectal
biopsy cores positive for cancer with <10 mm of
disease in a single core. The number of men with
an increase in disease volume or Gleason grade
on TTMB and the number of men who later
underwent radical treatment were assessed. In
all, 34 % of men had more significant prostate
cancer on restaging transperineal template biop-
sies compared with their transrectal biopsies. Of
these men, 44 % had disease predominantly in
the anterior part of the gland, an area often under-
sampled by transrectal biopsies. In the group of
men who had restaging TTMB within 6 months
of commencing active surveillance, 38 % had
more significant disease. In total, 33 % of men
stopped active surveillance and had radical treat-
ment. In conclusion, around one-third of men had
more significant prostate cancer on TTMB. This
probably reflects under-sampling by initial tran-
srectal biopsies rather than disease progression.

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

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

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

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

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

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

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

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

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

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

The Safety Margin of Focal Ablation
Based on Concordance

Between Baseline Multiparametric
Magnetic Resonance Imaging

and Final Pathology Assessment

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

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

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

reference standard

Definition of
Reference N Sensitivity (%) Specificity (%) | NPV PPV significant PCa
Thompson et al. [82] 48 98 43 75 91 GS>7,GS=6
CL > 5 mmor 20 %
cores positive
Chamie et al. [83] 115 96 46 92 66 pT3, GS > 4+3,
GS =3+4 and
>1.3ml
Junker et al. [84] 50 97 79 NR NR Any PCa
Hoeks et al. [85] 63 65 67 NR NR Any PCa
Delongchamps et al. 57 78 97 NR NR Any PCa
[86]
Yoschizako et al. [87] 35 69 94 NR 95 Any PCa
Villers et al. [88] 24 77 91 NR NR Any PCa

N number of radical prostatectomies, NPV negative predictive value, PPV positive predictive value, PCa prostate can-

cer, GS Gleason score, CL core length
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Table 7.4 Comparison of multiparametric magnetic resonance imaging (mpMRI) with transperineal mapping biopsy

(TPMB) as a reference control

Sensitivity | Specificity Definition of Number of | Reporting
Reference N (%) (%) NPV PPV significant PCa | cores system
Pepe et al. [89] 168 |83 72 88 79 NR 6-35, NR
median 28
Thompson etal. | 150 |93 53 52 98 GS >7, median 30, |PI-RADS
[82] GS=6 two
CL>5mmor |targeted
20 % cores
positive
Grey et al. [90] 201 |97 60 98 49,58, GS>7, 24-40, two | PI-RADS
84¢ GS=6CL > to four
6 mm targeted
Abd- Alazeez 54 190,76 42,42 95,79 26,38 |UCL1,UCL Minimum PI-RADS
etal. [91] 20 10-12
Arumainayagam | 64 | 64-81, 68-80, 91-94, |35-45, 'UCL1,UCL 2941, Likert
etal. [92] 58-73¢ 71-83¢ 84-89¢ | 49-63¢ | 2° median 34

N number of patients, NPV negative predictive value, PPV positive predictive value, PCa prostate cancer, GS Gleason
score, CL core length, PI-RADS Prostate Imaging Reporting and Data System, UCL University College London

PPV for PI-RADS 3, 4, and 5, respectively

"UCL 1, Gleason score of over 4+3 and/or maximum cancer core length (CCL,,,,) of 6 mm or more; UCL 2, Gleason

score of 3+4 or more and/or CCL,,,, of 4 mm or more
‘Range from different radiologists

The latest report of this group updated results
showing an index PCa detection rate by mpMRI
in 224 of 285 (78.6 %) tumors validated by
whole-mount histopathology (WMHP) (Carroll
P. Personal communication, 2016). The median
maximal diameter of PCa index tumors on
mpMRI was 1.3 cm while on WMHP measured
as 2.0 cm with poor Pearson correlation coeffi-
cient of 0.45 (p < 0.05).

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

MRI Lesion

Histologic

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

that based on the histological boundary (Fig. 7.6)
[11]. Adjustment of simulated treatment volume
to a 9 mm treatment margin achieved complete
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histological tumor destruction in 100 % of
patients and should be incorporated into clinical
ablation strategies.

Conclusion

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