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mpMRI- Multiparametric Magnetic Resonance Imaging
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TRUS biopsy- Transrectal ultrasound guided biopsy
TTPM- Transperineal Template Mapping biopsy

PSA- Prostate specific antigen

NPV- Negative predictive value

PPV- Positive predictive value
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Abstract
Purpose: To evaluate detection of clinically significant prostate cancer (csPCa) using
MRI-targeted biopsies, and compare visual-estimation to image-fusion targeting, in

patients requiring repeat prostate biopsies.

Materials and Methods: Prospective, ethics-committee approved, registered
PICTURE trial enrolling 249 consecutive patients (11%"/January/2012-
29%/January/2014). Men underwent an mpMRI and were blinded to its results. All
underwent transperineal template prostate mapping (TTPM) biopsies. In 200 with a
lesion, this was preceded by visual-estimation and image-fusion targeted biopsies.
For the primary endpoint, csPCa was defined as Gleason >/=4+3 and/or any grade of

cancer length >/=6mm. Other definitions of csPCa were also evaluated.

Results: Mean (SD) age was 62.6 (7) years, median (IQR) PSA 7.17ng/ml (5.25,
10.09), mean primary lesion size 0.37cc (SD1.52), with mean 4.3 (SD2.3) targeted
cores per lesion (visual-estimation and image-fusion combined) and mean 48.7
(SD12.3) TTPM-biopsy cores. TTPM-biopsies detected 97 (48.5%) cases of csPCa and
85 (42.5%) insignificant cancers. Overall, mpMRI-targeted biopsies detected 81
(40.5%) csPCa and 63 (31.5%) insignificant cancers. Eighteen (9%) with csPCa on MRI-
targeted biopsies were benign or clinically insignificant on TTPM-biopsy. Thirty-four
(17%) had csPCa detected on TTPM-biopsy but not on MRI-targeted biopsies;
approximately half of these were present in non-targeted areas. csPCa was found

with visual-estimation and image-fusion in 53/169 (31.3%) and 48/169 (28.4%)
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(McNemar’s test, p=0.5322). Visual-estimation missed 23 (13.6%) csPCa detected by

image-fusion; image-fusion missed 18 (10.8%) csPCa that visual-estimation detected.

Conclusions: MRI-targeted biopsies are accurate at detection of csPCa and reducing
over-diagnosis of insignificant cancers. To maximise detection both visual-estimation

and image-fusion targeted biopsies are required.

Trial Registration: The PICTURE trial was registered with ClinicalTrials.gov Identifier:

NCT01492270 (URL https://clinicaltrials.gov/ct2/show/NCT01492270)

Funding: PICTURE received funding from the US National Institute of Health (primary
award 1R01CA135089; sub-award via Riverside Research Institute
NYO.G00351P.011741.12) and an unrestricted research grant from Advanced

Medical Diagnostics SA.
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Introduction

The diagnosis of prostate cancer remains a challenge due to the inaccuracy of
transrectal ultrasound-guided (TRUS) biopsy, the diagnostic test that is most
frequently used in men who have an elevated serum prostate specific antigen (PSA).
TRUS-biopsy deploys 10 to 12 needles into the prostate blind to possible location of
the suspected cancer. It has been estimated to miss-classify disease in approximately

30-50% (1)(2).

Multi-parametric MRI (mp-MRI) permits targeted biopsies to areas of suspicion
within the prostate and has been shown to improve the detection of clinically
significant prostate cancer (csPCa) and reduce the over-diagnosis of clinically

insignificant prostate cancer (3-6).

The PICTURE trial was designed to overcome methodological issues inherent to
studies that evaluated the properties of new approaches to diagnose prostate
cancer using TRUS-biopsy or radical prostatectomy as the reference standard (7).
The former being inaccurate and the latter incorporating selection biases because
men had to test positive for cancer on a TRUS-biopsy and then chose surgical
treatment. PICTURE aimed to assess the role of imaging in the risk stratification of
prostate cancer in men who had already undergone TRUS-biopsy, but where there
was still a suspicion of csPCa following a negative biopsy, or assessed for suitability
for active surveillance or focal therapy. We recently reported on the sensitivity and

specificity of mpMRI against transperineal template prostate mapping (TTPM)
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biopsies from the PICTURE study (8). Here, we report on the agreement between
mpMRI-targeted biopsies with TTPM-biopsies and compare visual-estimation

targeting and image-fusion targeting.

Methods

The PICTURE trial is a single-centre prospective cohort study reporting diagnostic
validity results compliant with Standards of Reporting Diagnostic (STARD) (9) (10)
and Standards of reporting for MRI-targeted biopsy (START) studies (11). The full
details of our protocol have been published (7). Ethics-committee approval for the
study was granted by London City Road and Hampstead National Research Ethics
Committee (reference 11/L0O/1657) and the trial was registered with
ClinicalTrials.gov (NCT01492270) on 6t"/December/2011 prior to recruitment
occurring 11™/January/2012 to 29t"/January/2014. A prototype SmartTarget® non-

rigid image-fusion system was used (12).

When we compared MRI-targeted biopsies with TTPM-biopsies, we also assessed
whether the missed csPCa by targeted biopsies were errors of targeting or errors in
mpMRI reporting. We did this by assessing whether the missed csPCa were within

the targeted region on TTPM-biopsies or areas that were not targeted.

Eligibility: Men who had undergone prior TRUS-biopsy were eligible for the study if

clinical suspicion remained that either csPCa had been missed or they had been
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incorrectly classified, or if they were recommended for further TTPM-biopsy for

assessment of suitability for focal therapy or active surveillance.

mpMRI: All eligible men underwent mpMRI using a 3T scanner with a pelvic-phased
array coil. MRl sequences included T1-weighted, T2-weighted, dynamic contrast
enhancement with gadolinium (DCE), diffusion-weighting (DWI) with high b-value
(b=2000) sequence and apparent diffusion coefficient (ADC) map using multiple b-
values (b=0,150,500,1000) (13). MRIs were prospectively scored by a single expert
uro-radiologist with 5 years’ experience in the interpretation of prostate mpMRI,
using a 5-point Likert scale for likelihood of the presence of csPCa (14). This scoring
system was based on the outputs of a consensus meeting that was convened prior to
the publishing of the PIRADS versions 1 and 2 mpMRI consensus (15,16) and has
been shown to have validity when compared to PIRADS (17). Men remained blinded

to their MRI results to prevent attrition bias.

Biopsy: The biopsy procedure was carried out under general or spinal anaesthesia
with antibiotic prophylaxis and patients in the lithotomy position. All biopsies were
performed transperineally. Prior to TTPM-biopsies, targeted biopsies were taken in
men who had an area with mpMRI score >/=3. The most suspicious area scoring
>/=3 was targeted; in case of two lesions of the same score >/=3 the largest was
sampled. In addition, to test the performance of image-fusion biopsies compared to
visual-estimation, we carried out image-fusion targeted biopsies using our in-house,
academically-developed, prototype software (SmartTarget®). This uses deformable,

non-rigid, MRI-ultrasound image registration to demonstrate the likely anatomical
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location of a lesion within the gland live at the time of biopsy (12,18,19).
(Supplementary-Figure-a). Image-fusion biopsies were followed by visual-estimation
targeted biopsies in which the urologist taking the biopsies determines needle
deployment independent of any software. In order to minimise incorporation bias,
the operator declared which template grid coordinates would be used for visual-
estimation biopsies prior to the image-fusion software being deployed. Once the
image-fusion biopsies were taken, biopsy cores from these pre-declared locations
were then taken. Where the grid coordinates were overlapping between the two
types of targeting, the information from these biopsies was used for both strategies
in the analysis. Each targeted core was individually identified by its specific grid

location. Up to four targeted cores per targeting strategy were permitted.

All men then underwent TTPM-biopsies, which was performed according to a set
standardised protocol by trained urologists regardless of the imaging findings.

A urethral catheter was inserted in order to visualize and avoid traversing the
urethral lumen with biopsy needles. 5mm sampling was obtained using 17G biopsy
core needles inserted via a brachytherapy grid fixed on a stepper. In most prostates,
two biopsies at each grid point were required in order to sample the full cranio-
caudal length of the gland. All biopsies were reported by two expert uro-pathologists
with more than 20 years’ experience each. All negative biopsies were double-
reported for quality control (20). The cancer involvement per core was reported as
the actual amount of cancer seen in each core in millimetres without counting the

intervening areas of benign glands (21).
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Target condition: Disease significance was defined by criteria we previously
developed, validated and used with TTPM-biopsies (22). Our primary outcome was
based on detecting any grade (Gleason >/=3+3=6 or more) of cancer core length
involvement >/=6mm AND/OR the presence of Gleason >/=4+3=7 (UCL/Ahmed
Definition 1). In addition, we evaluated our endpoints with other target conditions in
mind. These were, a) any grade of cancer core length >/=4mm AND/OR any length of
cancer Gleason score >/=3+4=7 (UCL/Ahmed Definition 2), and b) any Gleason

>/=3+4=7. The overall aggregate Gleason score from all targeted cores was used.

Statistics: Patient and tumour characteristics and biopsy features are summarised
using mean (standard deviation [SD]), median (interquartile range [IQR]) or
frequency (%) as appropriate. We compiled 3-by-3 contingency tables for the overall
MRI-targeted biopsies (incorporating both visual-estimation and image-fusion)
compared to TTPM-biopsy. We also assessed the agreement between visual-
estimation and image-fusion targeted biopsies, reporting the proportion exact
agreement with 95%CIl. McNemar’s test for paired proportions (two-tailed) was used
to compare two types of biopsy tests (targeted versus TPM; visual estimation versus
image-fusion) for each definition of cancer. STATA version 13.0 software was used

for all analyses.

The sample size calculation was based on the PICTURE study’s primary objectives
(i.e., to assess the clinical validity of mpMRI and Prostate-HistoScanning) (23-25). As
a consequence, there was no a priori sample size calculation for the assessment of

agreement between different biopsy strategies.
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Results

Patient Demographics: Three-hundred and thirty were enrolled with 81 withdrawals
(Figure-1). Patient demographics for men eligible for biopsy were mean age 62 years
(SD7), median PSA 6.8ng/ml (IQR4.8-9.8) and median number of previous biopsies 1
(IQR1-2) and gland size 37ml (26.8-50.0) (Table-1). 121 (48.6%) had Gleason 6
disease on TRUS-biopsy whilst 52 (21.1%) had low volume Gleason 7 disease; 76

(30.5%) had no prior cancer.

Of these, 249 had paired datasets of mpMRI and biopsy; 49 (19.6%) did not have an
mpMRI lesion scoring >/=3, and thus did not have a MRI-targeted biopsy. Therefore,
200 had targeted biopsies with mean size of primary lesion 0.37cc (SD1.52) and
maximum diameter of the main mpMRI lesion 11.7mm (SD6.7), with mean 4.3
(SD2.4) targeted cores per lesion overall (fusion and visual estimation combined),
mean 2.3 cores fusion and mean 2.4 cores for visually estimation cores and a mean
48.7 (SD12.3) TTPM cores. Mean number of cores positive for cancer on targeting

was 1.9 (SD1.03) (Supplementary-Table-a).

Primary outcome:

Overall, TTPM-biopsies detected 97 (48.5%) definition 1 csPCa and 85 (42.5%)
insignificant cancers, 18 (9%) men were benign at TTPM. MRI-targeted biopsy
detected 81 (40.5%) csPCa and 63 (31.5%) insignificant cancers with 56 (28%) men

benign at MRI targeted biopsy. Eighteen (9%) of those with csPCa on MRI-targeted
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biopsies had been designated benign or clinically insignificant by TTPM-biopsies
(Table-2). Thirty-four (17%) had csPCa detected on TTPM-biopsy but were
designated benign or clinically insignificant by MRI-targeted biopsy (p=0.0375)

(Table-2 and Supplementary-Table-c).

Secondary Outcomes:

Using definition 2 csPCa as the threshold for significance, TTPM-biopsies detected
168 (84%) csPCa and 41 (20.5%) clinically insignificant cancers. MRI-targeted biopsies
detected 122 (61%) csPCa and 22 (11%) insignificant cancers. Nine (4.5%) of those
with definition 2 csPCa on MRI-targeted biopsies had been designated benign or
clinically insignificant by TTPM-biopsies. Forty (20%) had definition 2 csPCa detected
on TTPM-biopsy but designated benign or clinically insignificant by MRI-targeted
biopsy (p=0.0001) (Table-3). Table-4 shows the differences for any Gleason 7

disease (p=0.0003).

Second, Gleason 3+3=6 was detected in 38 (19%) and Gleason >/=3+4=7 in 106
(53%) on MRI-targeted biopsies (Table-5). Eleven (5.5%) of those with Gleason
>/=3+4=7 on MRI-targeted biopsies had been designated benign or clinically
insignificant by TTPM-biopsies. Thirty-seven (18.5%) had Gleason >/=3+4=7
detected on TTPM-biopsy but designated benign or clinically insignificant by MRI-

targeted biopsy (Table-5).

Third, 3 (1.5%) patients with Gleason >/=4+4=8 on TTPM-biopsies were not

identified by MRI-targeted biopsy. Four (2%) classified as insignificant or benign by
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TTPM-biopsies were found to have Gleason >/=4+4=8 disease by MRI-targeted

biopsy (Table-5).

Fourth, we evaluated reasons for targeted biopsies miss-classifying cancer as no
cancer. Forty men had cancer detected at TTPM-biopsy but no cancer on MRI-
targeting; 22/40 (55%) were within the targeted area and therefore the targeting
strategy had failed. Of men not detected by targeted biopsy, only 3/40 (7.5%) had
csPCa by definition 1. 18/40 (45%) had disease in areas that were not targeted i.e.,
scored negative on mpMRI and therefore an mpMRI detection error; of these missed

cancers only 2/40 (5%) were csPCa (Supplementary-Table-b).

Fifth, we compared agreement between visual-estimation targeted biopsies with
image-fusion targeted biopsies. For the 169 men with available data from both types
of targeting there was exact agreement for the presence or absence of any cancer
between the two targeting modalities in 137 (81% [95%CI 74-87%]) (Supplementary-
Table-d) and agreement for presence or absence of definition 1 csPCa in 128 (76%
[95%Cl 69-82%]) (Table-6). Overall, definition 1 csPCa was found with visual-
estimation targeting in 48/169 (28.4%) and image-fusion targeting in 53/169
(31.3%). Visual-estimation missed 23/169 (13.6%) definition 1 csPCa detected by
image-fusion. Image-fusion missed 18/169 (10.8%) definition 1 csPCa that visual-
estimation detected (p=0.5322)._ Supplementary Tables e, f, g and h summarise
agreement between visual-estimation targeting and image-fusion targeting for other

thresholds of clinical significance.
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Discussion

In summary, our PICTURE trial shows that MRI-targeted biopsies, based on the Likert
reporting system for mpMRI, have a good detection rate of csPCa and agreement
with TTPM-biopsies in 81% of cases (137/169) on disease classification, whilst
reducing by 40% (43/106) the unnecessary diagnosis of clinically insignificant disease
when compared to TTPM-biopsy. Although TTPM-biopsies detected more csPCa
than MRI-targeted biopsies, they did so with 44 more biopsies per patient on
average and found 43 more clinically insignificant cancers overall. Our results also
showed that both visual-estimation and image-fusion biopsies are required to

achieve optimal results.

Our results also demonstrated that in some cases visual- estimation detected csPCa
that fusion- targeting did not. No fusion software can pick-up when it is miss-
registered, but an expert operator can adjust cognitively according to visual cues.
Visual is not passive whereas until fusion builds in landmark detection on images to
feedback loop into the registration/fusion system, there may be occasional technical

errors.

Limitations to our MRI-targeted biopsy protocol were the inclusion of only the
largest lesion on mpMRI for specific targeting and also a limit on the number of
targeted samples per lesion. One could argue that all mpMRI-detected lesions
should have been sampled. This is especially pertinent since our primary definition of

csPCa is based on cancer core length involvement and therefore exclusion of smaller
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lesions may have biased our outcomes. However, our rationale for these two steps
was to minimise the burden of extra biopsy cores on the patient, who also
underwent TTPM-biopsy; in many respects, this may have under-estimated the
performance of targeted biopsy in our study. Second, the deformable MRI-US image-
fusion device used in the study was a prototype and this may have limited the
performance of image-fusion biopsies. Third, whilst we attempted to eliminate
incorporation bias by declaring coordinates for visual-estimation targeting before
the start of image-fusion, carrying out image-fusion biopsies might have either led to
poorer outcomes from visual-estimation due to biopsy-related swelling or better
outcomes by the operator being helped by the needle tracks from the previous

biopsy.

A number of recent systematic reviews have assessed the role of MRI-targeted
biopsy. These have shown that a biopsy of the prostate using mpMRI to inform
sampling resulted in detection rates of csPCa of about 42% (5). Our results from a
prospective study that blinded patients to the imaging results showed that targeted
biopsies had a detection rate of between 41% and 61% depending on the definition

of csPCa used.

When evaluating the results from targeted biopsy studies it is important to identify
the areas for possible error. By incorporating both visual-estimation and image-
fusion we aimed to reduce any miss-registration errors that may have occurred by
the use of one strategy alone. We have shown that about half of the cases in which

targeted biopsies were benign when TTPM-biopsy showed cancer were due to
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mpMRI detection errors with the other half being targeting errors that might be
improved, either by increasing the number of cores taken and/or with further

refinements to fusion software.

Nonetheless, it is worth noting that all diagnostic tests and strategies have
advantages and disadvantages. The large burden of TTPM-biopsies make this
strategy untenable in any healthcare system due to requirement for general
anaesthetic, high burden and morbidity for the patient and high resource use and
cost for the institution. Whilst targeted biopsies were carried out under the same
general anaesthetic as the TTPM-biopsies in PICTURE through necessity to minimise
burden and also minimise withdrawals between biopsy strategies were they to be
performed on separate days, we have recently demonstrated the feasibility of doing

transperineal targeted biopsies under local anaesthetic (26).

Conclusion

MRI-targeted biopsies have good accuracy at detecting clinically significant prostate
cancer compared to an intensive biopsy sampling strategy. Targeting identified most
significant cancers when present with almost ten-fold fewer biopsies and reduced
unnecessary diagnosis of clinically insignificant disease. For optimal detection both
visual-estimation and image-fusion targeted biopsies were required. However, some
clinically significant cancers were missed, suggesting that some systemic sampling

alongside targeting might aid in minimising this.
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Tables and Figure Legends:
e Figure 1: Study flow diagram
e Table 1: Patient demographics

e Table 2. MRI targeted biopsies versus TTPM-biopsies in men with a target of UCL/Ahmed
definition 1 csPCa in 200 men with a target

e Table 3. MRI targeted biopsies versus TTPM-biopsies in men with a target of UCL/Ahmed
definition 2 csPCa in 200 men with a target

e Table 4. MRI targeted biopsies versus TTPM-biopsies in men using any Gleason 7 in 200
men with a target

e Table 5: Targeted biopsies (combination of visual-estimated and image-fusion) versus

TTPM-biopsies (Gleason grade alone)

e Table 6: Agreement between two types of MRI-targeted biopsies (visual-estimated
versus image-fusion targeted biopsies) for UCL/Ahmed definition 1 clinically significant

cancer

Supplementary tables legends (see attached separate file:

e Supplementary Figure a) An example of a targeted biopsy using the SmartTarget®
image-fusion software

e Supplementary Table a) Gleason grade distribution of Targeted patients

e Supplementary Table b) MRI Targeted evaluation data: reasons for targeted
biopsies miss-classifying cancer on TTPM-biopsies as no cancer

e Supplementary Table c) Targeted biopsies (combination of visual-estimated and
image-fusion) versus TTPM-biopsies (Definitions 1 and 2)

e Supplementary Table d) Agreement between visual-estimated and image-fusion

targeted biopsies for any cancer
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Supplementary Table e) Agreement between visual-estimated and image-fusion
targeted biopsies for various definitions

e Supplementary Table f) Agreement between visual-estimated and image-fusion targeted
biopsies for UCL/Ahmed definition 2 clinically significant cancer

e Supplementary Table g) Agreement between visual-estimated and image-fusion
targeted biopsies for any Gleason 7

e Supplementary Table h) Agreement between visual-estimated and image-fusion

targeted biopsies for various Gleason scores
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Tables and Figures:

Figure 1: Study flow diagram
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Table 1: Patient demographics

Characteristic

Median (IQR)

Median (mean, SD, range)

Age, years

63 (42-83)

62 (62.0, 7.16, 42-83)

PSA concentration at
consent, ng/ml

7.4 (0.7-58.05)

6.8 (7.81, 4.26, 0.7-30.3)

Mean (SD) Mean (SD)
Number of previous 1.49 (0.79) 1.41 (0.69)
biopsies
MRI Prostate volume, cc 46.48 (26.53) 37.1(15.5)

Table 2. MRI targeted biopsies versus TTPM-biopsies in men with a target of UCL/Ahmed

definition 1 csPCa in 200 men with a target
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Transperineal Template

Mapping Biopsies

Benign UCL/Ahmed | Totals
Definition 1

MRI Benign 85 34 119
targeted
biopsies UCL/Ahmed | 18 63 81
(combined | Definition 1
visual- Totals 103 97 200
estimation
and
image-
fusion)

McNemar’s test for paired proportions (two-tailed) when csPCa (UCL/Ahmed defn 1)
and no csPCa (no UCL/Ahmed defn 1) used to dichotomise outcomes to derive paired
proportions: p=0.0375

Table 3. MRI targeted biopsies versus TTPM-biopsies in men with a target of UCL/Ahmed

definition 2 csPCa in 200 men with a target
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Transperineal Template

Mapping Biopsies

Benign UCL/Ahmed | Totals
Definition 2

MRI Benign 38 40 78
targeted
biopsies UCL/Ahmed | 9 113 122
(combined | Definition 2
visual- Totals 47 153 200
estimation
and
image-
fusion)

McNemar’s test for paired proportions (two-tailed) when csPCa (UCL/Ahmed defn 2)
and no csPCa (no UCL/Ahmed defn 2) used to dichotomise outcomes to derive paired
proportions: p=0.0001

Table 4. MRI targeted biopsies versus TTPM biopsies in men using any Gleason 7 in 200

men with a target
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Transperineal Template
Mapping Biopsies

Benign Any Totals
Gleason 7

MRI Benign 57 37 94
targeted
biopsies Any 11 95 106
(combined | Gleason 7
visual- Totals 68 132 200
estimation
and
image-
fusion)

McNemar'’s test for paired proportions (two-tailed) when any Gleason 7 used to

dichotomise outcomes to derive paired proportions: p=0.0003

Table 5: Targeted biopsies (combination of visual-estimated and image-fusion) versus

TTPM-biopsies (Gleason grade alone)

’ Transperineal Template Mapping biopsies
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Benign | Gleason Gleason Gleason Totals
343 3+4 or >/=4+4
4+3

MRI No MRI 22 16 11 0 49
targeted target
biopsies Benign 15 25 15 1 56
(combined | Gleason 0 17 21 0 38*
visual- 3+3
estimation | Gl 3+4 or 1 7 91 2 101
and 4+3
image- Gleason 2 1 1 1 5
fusion) >/=4+4

Totals 40 66 139 4 249

Key to shading

No MRI target

Significant disease missed by TTPM-

biopsies

Significant disease missed by

targeting

Table 6: Agreement between two types of MRI-targeted biopsies (visual-estimated versus

image-fusion targeted biopsies) for UCL/Ahmed definition 1 clinically significant cancer

\ Image-fusion targeted biopsy
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Benign UCL/Ahmed | Totals
Definition 1

Visual- Benign 98 23 121
estimation
targeted UCL/Ahmed | 18 30 48
biopsies Definition 1

Totals 116 53 169
McNemar’s test for paired proportions (two-tailed) for UCL/Ahmed 1 csPCa:
p=0.5322
References
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