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Abstract

Introduction: Clinical confusion continues to exist regarding the 
underestimation of cancers among patients on active surveillance 
and among men with repeated negative prostate biopsies despite 
worrisome prostate-specific antigen (PSA) levels. We have previ-
ously described our initial experience with magnetic resonance 
imaging (MRI)-based detection of tumours in the anterior prostate 
gland. In this report, we update and expand our experience with 
these tumours in terms of multiparametric-MRI findings, staging, 
and grading. Furthermore, we report early treatment outcomes with 
these unique cancers.
Methods: We reviewed our prostate MRI dataset of 1117 cases from 
January 2006 until December 2012 and identified 189 patients 
who fulfilled criteria for prostate evasive anterior tumors (PEATS). 
Descriptive analyses were performed on multiple covariates. 
Kaplan-Meier actuarial technique was used to plot the treatment-
related outcomes from PEATS tumours.
Results: Among the 189 patients who had MRI-detectable ante-
rior tumours, 148 had biopsy proven disease in the anterior zone. 
Among these tumours, the average PSA was 18.3 ng/mL and most 
cancers were Gleason 7. In total, 68 patients chose surgical ther-
apy. Among these men, most of their cancers had extra prostatic 
extension and 46% had positive surgical margins. Interestingly, 
upgrading of tumours that were biopsy Gleason 6 in the anterior 
zone was common, with 59% exhibiting upgrading to Gleason 7 or 
higher. Biochemical-free survival among men who elected surgery 
was not ideal, with 20% failing by 20 months. 
Conclusion: PEATS tumours are found late and are disproportional-
ly high grade tumours. Careful consideration to MRI testing should 
be given to men at risk for PEATS.

Introduction 

Prostate cancer is the most common male malignancy and 
the second leading cause of cancer death among men in the 

western world.1 Detection of prostate cancers has changed 
over the past 30 years from digital rectal examination (DRE) 
findings to prostate-specific antigen (PSA) based case iden-
tification. The key in using the DRE to find prostate cancers 
is based on the seminal observations by McNeal and col-
leagues, who defined the zonal anatomy of the prostate.2 It 
has been observed that the vast majority of prostate cancers 
originate in the peripheral zone of the gland and thus over 
time most men with prostate cancers will exhibit an abnor-
mal DRE. It has been recognized however that historically 
some men died of metastatic prostate cancer with a normal 
DRE.3 Many of these tumours are felt to have arisen in the 
transition zone of the prostate, although these tumours are 
classically lower grade than peripheral zone cancers.4

Use of PSA as a screening tool has led to an increased 
detection of prostate cancer on transrectal biopsy with stage 
migration towards early and low-risk disease. This has come 
with the risk of overdiagnosis since many of the cancers 
detected on transrectal ultrasound (TRUS) biopsy are low-risk 
prostate cancer. On the other hand, anterior tumours tend to 
be missed by TRUS biopsy until they grow to a substantial 
size and reach within 2 cm from the posterior prostatic cap-
sule, leading to delayed or missed diagnosis. Multiparametric 
magnetic resonance imaging (mp-MRI) has been extensively 
studied in recent years and, when used in conjunction with 
PSA for targeted biopsies, provides a better diagnostic path-
way to detect cancer and assign appropriate treatment.5-9

In 2009, our group published a series of 19 cases of men 
either on active surveillance or who had repeated negative 
prostate biopsies and rising PSA and were later deemed to 
have large sized and high-grade tumours in the anterior 
prostate on mp-MRI (Fig. 1).10 The origin of these tumours 
may be the anterior lateral horn of peripheral zone, transi-
tion zone or the anterior fibromuscular zone. The latter, if 
true, challenges the findings of McNeill and colleagues who 
claimed that epithelium was devoid in this area.

Since the publication of our original paper, our clinical 
suspicion of the prostate evasive anterior tumours (PEATS) 
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has increased and we have subsequently performed more 
MRI scans among patients in whom we would not have 
traditionally. This paper describes our recent experience and 
the increasing role of mp-MRI to detect and stage these 
tumours; we also report our initial treatment results with 
these unique tumours.

Methods 

Cohort assembly 

We retrospectively reviewed our prostate MRI (2006–2012) 
database, including cases from January 2006 to December 
2012. All reports were reviewed. We selected cases where 
an anterior lesion (defined as lesions at a distance of >20 mm 
from the posterior prostate capsule, >4 mm in largest dimen-
sion on mp-MRI) (n = 225). Among these selected files, we 
then identified 189 men who had targeted biopsies (cogni-
tive co-registration by an experienced uro-radiologist [AT]). 
Of these 189 patients, those with positive targeted biopsies 
were further identified. Chart review was then carried out 
on all cases and the following covariates were measured: 
age, PSA, MRI lesion size, total prostate volume by ultra-
sound, DRE findings, anterior zone biopsy Gleason score, 
staging results, and surgical findings (including pathologi-
cal stage, grade, margins as well as biochemical treatment 
outcomes). We also noted the indication for the initial MRI 
which included active surveillance (AS), prior negative 
biopsy, failed local treatment, and staging.

MRI technique 

Our mp-MRI has been previously published.11 All patients 
underwent a diagnostic mp-MRI (Siemens Avanto or GE 
Excite HD 1.5T or Siemens, MAGNETOM, Verio 3T) using a 
4-channel phased-array surface coil coupled to an endorectal 
coil, to aid tumour localization. Sequences included axial, 
sagittal and coronal Turbo Spin Echo T2-weighted images 
in relation to the orientation of the prostate gland (slice 
thickness, 3 mm; gap, 0 mm), axial diffusion-weighted imag-

ing with the same slice locations as the T2-axial sequence 
(B-values: 0, 100,400,800 s/mm2), axial 2D-Flash in and out 
of phase T1-weighted images, and axial 2D Flash in- and 
out- of phase imaging, followed by axial 3D flash dynamic 
contrast-enhanced T1-weighted imaging, using Magnevist 
(Bayer Healthcare) as contrast agent.

MRI scans were reviewed by one of two experienced uro-
radiologists (SG/MH). All MRIs were done at least 6 weeks 
from biopsy to minimize the effect from hemorrhage. 
Diagnostic features for malignancy were low T2 signal and 
specifically an erased charcoal appearance in the transi-
tion zone, a relatively low apparent diffusion coefficient 
calculated from diffusion-weighted imaging (DWI), early 
enhancement and washout on dynamic contrast-enhanced 
(DCE) MRI.10,12,13

Tumours were confirmed on biopsy if they were displayed 
on MRI in the anterior zone, if they were greater or equal to 
4 mm in dimension, or if patients had significant abnormali-
ties in different anatomical locations other than the original 
diagnostic biopsy.

Prostate biopsies were taken within 12 weeks of the MRI so 
that a correlation was possible between biopsy and imaging 
findings. Confirmatory biopsy consisted of a standard biopsy 
(minimum 12 cores), plus additional cores aimed at anterior 
MRI identified locations. Abnormal sites on MRI were anno-
tated into zones and given to the radiologist taking the TRUS 
biopsy for targeting. The MRI scans were available allowing 
“real time” comparison of the methods and zones of inter-
est. All prostate biopsies were reviewed by dedicated uro-
pathologists at our institution. Specific biopsies from anterior 
regions were correlated based on MRI scans in which there 
was a high suspicion for cancer, as in previous studies.14-16

Analyses 

Descriptive analyses were performed on the above-men-
tioned covariates. The Kaplan-Meier actuarial technique 
was used to plot treatment-related outcomes from PEATS 
tumours. For surgical and radiation-related therapies, any 
PSA >0.2 ng/mL or Phoenix criteria (PSA nadir plus 2 ng/mL) 
were utilized, respectively.

Results 

In total, 148 (78.3%) of the 189 patients with suspicious 
anterior MRI lesions underwent targeted biopsy. The clini-
cal characteristics of this cohort are shown in Table 1. The 
targeted biopsy area Gleason score distribution was as fol-
lows: 6, 43.2%; 7 (3+4), 31.2%: 7 (4+3), 14.2% and 8-10, 
11.4%. Five patients had nodal Mets at presentation.

The reasons for performing the mp-MRI of the prostate 
were: active surveillance 53.3% (79 patients); prior negative 
biopsy 29% (43 patients); failed non-surgical local therapy, 

Fig. 1. Magnetic resonance imaging reveals large anterior tumour. Dotted 
outline indicates the tumour.
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such as radiation or high-intensity focused ultrasound (HIFU) 
6.7% (10 patients); and 10.8% (16 patients) had their PEATS 
tumours discovered when they underwent staging (Table 1). 

In terms of elected therapies, 68 (45.9%) patients under-
went radical prostatectomy (RP), 12 patients (8.1%) had 
radiotherapy alone, 20 patients (13.5%) had radiotherapy 
in combination with androgen deprivation therapy (ADT), 10 
patients (6.7%) had HIFU, and 31 patients (20.9%) elected 
for watchful waiting (Table 1). Seven patients were awaiting 
therapy at time of manuscript preparation. Among the RP 
patients, an additional 7 had adjuvant radiotherapy and 3 
had radiotherapy in combination with ADT.

Pathological stages and Gleason score among men who 
underwent RP are listed in Table 2. Other surgical outcomes 
included 1 patient who was N+ and 31 with positive margins 
(45.5%). Three patients (4.4%) had detectable postoperative 
PSA (Table 2). 

Biochemical and salvage therapy free survival from 
patients treated with RP is noted in Figure 2, with about 70% 
of patients free of either PSA failure or salvage treatment. 

A total of 5 patients either died of disease or had known 
metastatic progression.

Discussion 

The diagnosis of prostate cancer continues to be a topic that 
elicits strong passions and great debate, particularly in the 
context of screening. Conventionally, PSA, DRE and TRUS 
biopsy remain the main tests used by clinicians to determine 
the presence of significant disease. We have previously iden-
tified a series of clinical scenarios which have historically 
puzzled clinicians who diagnose and treat men with prostate 
cancer.11 Two major scenarios include: (1) men with ris-
ing levels of PSA despite multiple negative biopsies and (2) 
men who otherwise fulfill criteria for active surveillance but 
develop seemingly rapid disease progression. PEATS were 
first described by our group as large and disproportionately 
high-grade MRI detectable lesions among men within these 
two clinical scenarios. Their significance is emphasized as 
these tumours almost always present after considerable 
delay. The true prevalence of PEATS remains unknown in 
the negative biopsy scenario, but is in the range of about 
10% among unselected active surveillance patients.11

It must be stressed that historically we “reserved” pros-
tate MRI for patients off protocol to those with PSA levels 
>10 ng/mL. In this setting, the average PSA was high and 
only 22% of cancers were Gleason 6. Once we learned of 
PEATS tumours, our awareness increased and we have more 
recently performed MRIs earlier than in the original cohort. 
As a result, it becomes important to reanalyze this entity and 
its clinical characteristics.

In this retrospective study, we reviewed our new experi-

Mri use in prostate evasive anterior tumours

Table 1. Baseline clinical characteristics among 148 
patients with PEATS tumours

Variable No. Proportion
Mean age, years 64 NA

Median PSA (range)
18.26 ng/mL 
(4.2–559.33)

NA

PSA distribution
<10
10–20
20–50
>50

73
47
21
7

49.3%
31.7%
14.2%
4.7%

Indication for MRI
Surveillance
Negative biopsy
Staging
Failed local therapy

79
43
16
10

53.3%
29%

10.8%
6.7%

Biopsy Gleason score
6
7 (3+4)
7 (4+3)
8–10

64
46
21
17

43.2%
31.2%
14.2%
11.4%

MRI lesion size distribution
≤5 mm
6–10 mm
11–15 mm
16–20 mm
>21 mm

10
13
44
43
38

6.7%
8.7%
29.7%
29%

25.6%

Elected therapy
Radical prostatectomy
Radiotherapy
Radiotherapy plus hormones
HIFU
Watchful waiting/lost to follow-up
Waiting for therapy

68
12
20
10
31
7

45.9%
8.1%
13.5%
6.7%
20.9%
4.7%

PEATS: prostate evasive anterior tumours; PSA: prostate-specific antigen; MRI: magnetic 
resonance imaging; HIFU: high-intensity focused ultrasound; NA: not applicable.

Table 2. Initial surgical outcomes

Surgical outcomes (n = 68) No. Proportion

Pathological stage
T2
T3a
T3b
T4

27
31
7
3

39.7%
45.5%
10.2%
4.4%

Nodal status
N0
N1
Nx

42
1
25

62.7%
1.5%
35.8%

Margins
Positive
Negative

31
37

45.5%
54.5%

Final Gleason score
6
7 (3+4)
7 (4+3)
8–10
ADT effect

12
29
17
8
2

17.6%
42.6%
25%

11.7%
2.9%

Detectable postoperative PSA 3 4.4%
PSA: prostate-specific antigen.



CUAJ • May-June 2015 • Volume 9, Issues 5-6E270

al edwan et al.

ence with anterior prostatic tumours. We started the cohort 
by analyzing our MRI database and selecting men with posi-
tive prostate biopsy in the anterior zone. By analyzing the 
data this way, we were able to capture the clinical relevance 
of these tumours. This is in contrast with prior histopatholo-
gy-based studies which have analyzed these tumours purely 
based on their anatomic location.17 In these cases, the vast 
majority of tumours were found in the peripheral zone first 
and hence those descriptive papers do not capture the clini-
cal entity.

In this paper we have identified 148 patients with MRI-
detected anterior biopsy confirmed tumours among the 
189 patients with actual lesions. Therefore about 21.7% 
of patients with MRI-detected lesions did not have a posi-
tive confirmatory biopsy. This is lower than our original 
manuscript and either represents falsely positive scans or 
missed biopsies. As we have noted, our biopsies to date 
have largely been via cognitive coregistration and thus can 
be theoretically prone to misses, particularly as we identify 
smaller lesions. Also, since these anterior lesions may be 
directly anterior to the urethra, smaller lesions may be dif-
ficult to target via a TRUS approach. Novel software for 
MRI/TRUS fusion are now coming online (including at our 
centre) and it will be interesting to see how these predictive 
values change over time. On the other hand, heterogenous 
appearance makes an assessment for cancer more difficult 
in the transition zone. 

Additional benefit of functional imaging over T2 weighted 
images in assessing the transition zone tumour is limited, as 
areas of benign stromal hyperplasia may show enhancement 
on DCE and restricted diffusion on DWI.18,19 Suspicion of 
cancer on mp-MRI in the transitional zone is mostly limited 
to morphological features on T2WI, such as an ‘erased char-
coal’ appearance, indistinct margins of the nodule, exten-
sion of low signal into peripheral zone, lenticular shape, 
and extension to fibromuscular stroma. This may have also 
partially accounted for some false positive interpretations on 
mp-MRI. Several studies have shown that targeted biopsy fol-
lowing mp-MRI is more likely to detect clinically significant 
disease in comparison to systematic TRUS biopsy,20 which 
by its random nature may detect low grade ‘sparse’ or low 
volume tumour, which are usually not identified on mp-
MRI.21 This may account for a Gleason score of 7 or higher 
in >50% of tumours identified in our study.

Although PEATS tumours tend to have worse outcomes 
than earlier detected peripheral zone tumours, the Gleason 
score distribution of these lesions are now approaching 
peripheral zone tumours, with 43.2% of tumours possessing 
low-grade (Gleason 6) features. This number is similar to our 
in-house data (data not shown), although the risk of high-
grade disease (Gleason 8–10) is about double that of de novo 
diagnosed peripheral zone tumours (4.8% in-house data not 
shown). One observation that must be stressed relates to 
pathological upgrading. In our cohort, 43.2% of patients 
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Fig. 2. Kaplan-Meier survival function curve for radical prostatectomy patients. 
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had a Gleason 6 biopsy, but only 17.6% had Gleason 6 at 
final pathology in those who had RP. Although upgrading is 
not uncommon at RP,22 59.2% of Gleason 6 cancers were 
upgraded in our series. This likely reflects two phenomena: 
difficulty with sampling in PEATS tumours and the fact that 
higher volume Gleason 6 tumours have a tendency to har-
bour foci of pattern 4 disease.22

It should be noted that with average PSA values approach-
ing 20 ng/mL, many of these patients have a later diagnosis 
than traditionally diagnosed patients. As a consequence, 
many patients have adverse stage, operative findings, and 
an adverse clinical course.

The zonal origin of PEATS tumours remains unknown. 
They may represent high lateral horn peripheral zone 
tumours or transition zone lesions which invade the ante-
rior prostate. Furthermore, as some of these tumours seem-
ingly have no radiological connection to the lateral horn 
or transition zone, it remains plausible that they are truly 
anterior fibromuscular in origin. If so, this would contradict 
the seminal studies of McNeal and colleagues who claimed 
that epithelial glands were devoid in this era.2 Molecular 
characterization of these tumours could help clarify their 
zonal ontogeny and whether they represent a distinct bio-
logical entity. It should be noted that the utility of other 
diagnostic tests, such as prostate cancer antigen (PCA)-3, 
remain unknown in these tumours.

As this paper represents a retrospective albeit important 
case series, we must be aware of bias. In our view, the 
major bias in this study is that many of these lesions are 
found late. A more rigorous use of MRI, especially among 
men with first negative biopsies, would help clarify the true 
incidence of these tumours. We of course cannot comment 
on the incidence/prevalence of these lesions without offering 
MRI to a consecutive group of unselected men. We have 
previously published our experience with consecutive MRI 
among non-selected men with very low-risk PCA and found 
that 10% of men who otherwise are active surveillance can-
didates harbour PEATS tumours. This proportion is unknown 
in the post-first negative biopsy setting. Another bias is that 
perhaps not all physicians at our centre had the same trig-
ger for ordering MRI. In this case, the generalizability of the 
findings should be tempered.

It is important to recognize PEATS as distinct clinical enti-
ty of prostate cancer.23,24 Careful attention should be given 
to men with rising PSA and negative biopsies and men with 
rising PSA on active surveillance.25 Men with smaller vol-
ume prostates appear to be at an increased risk for PEATS.4

Although biopsy may reveal Gleason 6 disease, few patients 
are truly Gleason 6 at surgery. MRI is the best way to detect 
PEATS with a positive predictive value approaching 80%. 
Clinicians need a high sense of awareness to diagnose these 
lesions.

Conclusion 

PEATS are a distinct clinical entity in prostate cancer char-
acterized by tumour in the anterior aspect of the gland that 
is difficult to diagnose by traditional methods. MRI remains 
the mainstay in the detection of these lesions. Very few of 
these lesions are true Gleason 6 tumours.

Notes: Presented in part as podium poster at the 68th Annual Meeting of the Canadian Urological 
Association, June 2013, Niagara Falls, Ontario Canada; and as moderated poster at the AUA Annual 
Meeting, May 2014, Orlando FL.
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