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Introduction 

We evaluated performance of transrectal ultrasound-guided systematic (TRUS) biopsy compared to 

transperineal template mapping (TPM) with a 5mm sampling frame, stratified by MP-MRI Likert 

score within the PROMIS study. 

 

Methods 

Biopsy-naïve men due prostate biopsy for elevated PSA and/or abnormal digital rectal examination 

underwent MP-MRI, TPM and TRUS biopsies, conducted and reported blind to other test results. 

Clinically significant prostate cancer (csPCa) was primarily defined as Gleason >/=4+3 or maximum 

cancer core length (MCCL) >/=6mm of any grade, and secondarily Gleason >/=3+4 or MCCL >/=4mm 

of any grade.  

 

Results 

In 41 months, 740 men at 11 centres were recruited; 576 underwent all three tests. Of 150 with MRI 

score 1-2, 8 (5.1%) had any Gleason >/=3+4 disease on TRUS-biopsy. In 75 where TRUS-biopsy 

showed Gleason 3+3 of any MCCL, 61/75 (81%) had Gleason 3+4, 8/75 (11%) Gleason 4+3 and 0/75 

(0%) Gleason >/=4+5. For definition1 csPCa, TRUS-biopsy sensitivity remained stable and low across 

MP-MRI Likert scores (35%-52%). For definition2 csPCa and any cancer, sensitivity increased with 

higher MP-MRI score. Negative predictive value varied due to varying disease prevalence but for all 

cancer thresholds declined with increasing MP-MRI score.  

 

Conclusions 

TRUS-biopsy in the setting of MP-MRI Likert scores 1-2 finds Gleason 3+4 disease in only 1 in 20 

men. Further, for any csPCa definition, TRUS-biopsy had poor sensitivity and variable but low NPV 

across MP-MRI scores. Men undergoing TRUS-biopsy without targeting in the setting of MP-MRI 

score 3 to 5 should be advised to undergo a repeat (targeted) biopsy.  

 

Funding 

PROMIS is funded by the UK Government Department of Health, National Institute of Health 

Research – Health Technology Assessment Programme, (Project number 09/22/67). Department of 

Health Disclaimer: The views and opinions expressed therein are those of the authors and do not 

necessarily reflect those of the health technology assessment program, NIHR, NHS or the 

Department of Health. 
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Introduction 

 

The PROMIS study assessed the diagnostic accuracy of transrectal ultrasound-guided systematic 

(TRUS) biopsies and multi-parametric MRI (MP-MRI) compared to transperineal template mapping 

(TPM) biopsy with a 5mm sampling frame in the detection of clinically significant prostate cancer 

(csPCa)1. Results provided level 1b evidence demonstrating superior sensitivity and negative 

predictive value for MP-MRI in detecting and ruling-out clinically significant disease, facilitating its 

use as a triage prior to invasive biopsy sampling in men at risk of harbouring csPCa. The low 

specificity and positive predictive value of MP-MRI indicated biopsies were still required in those 

men having a suspicious MP-MRI. The PRECISION randomised controlled trial subsequently 

demonstrated the improved utility of MP-MRI triage followed by targeted biopsies in those men 

with a suspicious lesion scoring 3 or higher2.  

 

PRECISION did not include systematic sampling of men randomised to the MP-MRI arm with ongoing 

debate as to the role of systematic TRUS biopsy in men who have undergone a MP-MRI.  With this in 

mind, we aimed to further elaborate on the performance characteristics of systematic TRUS-biopsies 

alone when compared to TPM-biopsy, stratified by MP-MRI Likert scores1. 
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Methods 

 

PROMIS was a prospective, multi-centre, paired-cohort, confirmatory study, which represented level 

1b evidence for diagnostic test assessment and reported to the Standards for Reporting Diagnostic 

Accuracy3,4. The full protocol and results have been previously published1,5,6. Ethics committee 

approval was granted by National Research Ethics Service Committee London (reference 

11/LO/0185).  

 

Biopsy-naïve men over the age of 18 with a clinical suspicion of prostate cancer were enrolled with 

the conduct and reporting of each test performed blind to the other test results. Clinical suspicion 

warranting further investigation included elevated serum PSA (up to 15 ng/mL) within previous 3 

months, suspicious digital rectal examination, suspected organ confined stage T2 or lower on rectal 

examination, or family history. Other inclusion criteria were fitness for spinal anaesthesia, fitness to 

undergo MP-MRI, TRUS-biopsy and TPM-biopsy and ability to provide informed consent. Exclusion 

criteria included use of 5-alpha-reductese antagonist medication within the last 6 months, past 

history or treatment of prostate cancer, presence of a urinary tract infection or prostatitis within the 

preceding three months, contraindications to MRI (claustrophobia, non-compatible pacemaker, 

estimated glomerular filtration rate ≤50), past hip-replacement surgery and extensive pelvic 

orthopaedic metal work. 

 

MP-MRI (index test): Patients received a standardised MP-MRI, compliant with European Society of 

Uro-Radiology guidelines, with 1·5 Tesla magnetic field strength and a pelvic phased-array coil. T1-

weighted, T2-weighted, diffusion-weighted and dynamic gadolinium contrast-enhanced imaging 

sequences were acquired. The protocol allowed men to be withdrawn after the MP-MRI scan if there 

was evidence of T4 disease or prostate volume was greater than 100 mL as TPM-biopsy could not be 

applied fully to such large prostates. Scans of insufficient quality were repeated before biopsy. MP-

MRI scans were reported by dedicated urologic radiologists with experience of reporting prostate 

MP-MRI who underwent additional centralised training of two separate whole day courses. 

Radiologists were provided with clinical details including PSA, digital rectal examination findings, and 

risk factors including family history. A 5-point Likert radiology reporting scale was used to designate 

prostates as highly unlikely (1), unlikely (2), equivocal (3), likely (4), and highly likely (5) to harbour 

clinically significant prostate cancer 1,7-9.  
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Combined biopsy procedure: Following MP-MRI a combined prostate biopsy procedure was done 

under general or spinal anaesthesia. Patients and physicians remained blinded to the MP-MRI and 

reports. TPM-biopsy was done first followed by TRUS-biopsy10,11. TPM-biopsy and subsequent TRUS-

biopsy were combined under the same procedure to reduce patient visits and minimise dropout 

between tests.  The reference test (TPM-biopsy) sampled at 5mm intervals and was centrally 

reported by one of two expert uropathologists blinded to all other test findings. In the standard test 

(TRUS-biopsy), 10–12 core biopsies were taken as per international standard with each core 

identified and processed separately12. TRUS-biopsy samples were reported by expert uropathologists 

at each site blinded to all other test findings. 

 

Clinically significant prostate cancer: Definitions for clinical significance mirrored those used in our 

main PROMIS report1. The primary definition for clinically significant disease incorporated the 

presence of Gleason >/=4+3, or a maximum cancer core length (MCCL) involvement >/=6 mm of any 

grade in any location. Secondary definitions of clinical significance were also considered as the 

presence of Gleason >/=3+4 or a maximum cancer core length (MCCL) involvement >/=4mm of any 

grade in any location13. 

 

Statistical analysis 

The original sample size calculations were based on determining the validity of MP-MRI compared to 

TRUS-biopsy using TPM-biopsy as the reference standard1. For the analysis in this paper, there were 

no a priori sample size calculations. Comparison of the accuracy of TRUS-biopsy compared to TPM-

biopsy in terms of sensitivity, specificity, positive predictive value (PPV) and negative predictive 

value (NPV) in detection of prostate cancer was performed.  These were stratified by using different 

MP-MRI score thresholds. As there was only one patient with MP-MRI Likert score 1 and clinically 

significant disease, Likert scores 1 and 2 were combined for statistical analysis to create a cohort of 

158 men. Analyses used Stata version 13.0 software (Stata Corporation, College Station, TX, USA). 

For each comparison, 2 × 2 contingency tables were used to present the results and calculate the 

diagnostic accuracy estimates with 95% confidence intervals. The unit of assessment for our 2 × 2 

contingency table for assessment of accuracy was one patient (i.e., the whole prostate).  
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Results 

 

Over 41 months from 17th May 2012 to 9th November 2015, 740 men were recruited across 11 

centres and 576 underwent all three investigations1.  Baseline characteristics have been previously 

reported and are not repeated here. Gleason scores identified by TPM-biopsy, stratified by MP-MRI 

Likert score are shown in Table 1. 

 

First, TPM-biopsy identified 230 cases in 576 men (40%) of definition 1 csPCa whereas TRUS-biopsy 

identified 124/576 (21%) clinically significant cases. Table 2 demonstrates the breakdown of MP-MRI 

Likert scores for cases identified as being csPCa by TPM-biopsy. On comparison of TRUS-biopsy 

against TPM-biopsy across MP-MRI Likert scores, sensitivity and specificity remain broadly stable 

across all Likert scores (35-52%), with PPV and NPV showing greater variability (reflecting their 

strong correlation to the prevalence of disease at various MP-MRI scores) (Table 3). 

 

Second, in 75 men TRUS-biopsy classified patients as having only Gleason 3+3=6; these men had 

Gleason 3+4=7 in 61/75 (81%), Gleason 4+3=7 in 8/75 (11%) with none having Gleason score 8 or 

above on TPM-biopsy (Table 4). Of 158 with MRI score 1-2, 8 (5.1%) had any Gleason >/=3+4 disease 

on TRUS-biopsy. This is in contrast to the 38 (24%) found on TPM-biopsy (Figure 1). 

 

Third, TPM identified 331 cases in 576 men (57%) of clinically significant prostate cancer by 
definition 2 csPCa where TRUS biopsy identified 203/576 (35%) definition 2 csPCa cases (Figure 2, 
Table 5).  On comparison of TRUS-biopsy against TPM-biopsy across MP-MRI Likert scores for 
definition 2 csPCa, sensitivity and specificity are less stable across all MP-MRI Likert scores ( 
Table 6). The sensitivity of TRUS-biopsy appears to increase as MP-MRI score increases (30%-76%). 

PPV was high and stable where NPV fell with increasing Likert score from 79% to 21%, 

representative of increasing disease prevalence. 

 

Last, TPM-biopsy identified 408/576 (71%) cases of any grade and length of prostate cancer whereas 

TRUS-biopsy found 286/576 (50%). TRUS-biopsy found 135/576 men with Gleason 3+3=6 of any 

MCCL (23.4%) (Table 7). 95/135 (70.4%) patients had a higher Gleason score on TPM. Table 8 

demonstrates the breakdown of MRI Likert scores for cases of prostate cancer identified by TPM 

biopsy. On comparison of TRUS-biopsy against TPM-biopsy across MP-MRI Likert scores for the 

presence of any cancer sensitivity appears to increase as MP-MRI significant score increases whilst 

NPV appears to decrease with increasing MRI score.  Specificity and PPV remain high and stable 

across all scores (Table 9). 
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Discussion 

 

In summary, TRUS-biopsy applied in men with MP-MRI Likert scores 1 and 2 confers a 1 in 20 chance 

of yielding Gleason >/=3+4 prostate cancer. Further, for any definition of csPCa, TRUS-biopsy had 

poor sensitivity and variably low NPV across all MP-MRI score groups reinforcing its inaccuracy if 

applied in a systematic non-targeted fashion. 

 

Our findings demonstrate that TRUS-biopsy miss-classifies clinically significant disease with 9 in 10 

men identified as Gleason 3+3 of any cancer length on TRUS-biopsy, actually having Gleason score 

>/= 3+4 on TPM-biopsy.  Our findings are similar to those of Scott et al who compared TPM-biopsy 

versus TRUS-biopsy on prostatectomy specimens, concluding that TPM-biopsy more accurately 

depicted clinical risk and that TRUS-biopsy risked under-diagnosis of occult higher risk disease14. 

Huang et al also discerned 35% upgrading of disease grade on TPM-biopsy for patients with a 

previously negative TRUS-biopsy, however these were not contemporaneous samples unlike the 

present study.  

 

 

Our results have notable practical implications. Reliance on TRUS-biopsy risks inappropriately 

allocating patients to active surveillance, potentially missing a time-window where curative 

oncological management could be instigated. In centres utilising a targeted-biopsy strategy, addition 

of TRUS-biopsy risks the over-treatment of patients through increased detection of insignificant, 

low-volume, low-grade disease, similar to results from Rouvière et al15. The increased sensitivity of 

TRUS-biopsy that we see with increasing Likert score may be related to the correlation between 

MRI score and volume of cancer in the index lesion(s) and likelihood of csPCa due to higher 

probability of multifocality16.  

 

Whilst the cost-effectiveness of an MRI direct pathway has been shown in the UK and other 

healthcare systems, results from the current study also have implications for urology departments 

and patients17. The resource and financial burden of TPM-biopsy is not inconsequential. Clinicians 

should evaluate findings from the literature in-line with the pathology and biopsy resources 

available to them and the degree of clinical suspicion of the patient in front of the harbouring 

csPCa but certainly a TPM-biopsy in all strategy will be prohibitively expensive as well as confer 

significant side-effects to the patients18. Men should be counselled accordingly prior to TRUS-biopsy 

and made aware of the relative advantages and disadvantages of pre-biopsy mpMRI, TRUS-biopsy 



 9 

and TPM-biopsies1,2. Our results also have an impact on many clinicians who wish to carry out a 

systematic non-targeted TRUS-biopsy in the setting of a non-suspicious MP-MRI. PRECISION found 

38% clinically significant cancer in the target biopsy arm versus 26% in the standard TRUS-biopsy2. 

Additionally, they showed how MP-MRI triage and subsequent target biopsy reduced the yield of 

clinically insignificant cancer. With existing evidence and these results, urologists and their patients 

might conclude that the 5% pick up rate for any Gleason 7 disease or higher is sufficiently low to 

warrant an avoidance of an immediate TRUS-biopsy. Indeed, van der Leest et al demonstrated the 

non-inferiority of MP-MRI triage and MRI-targeted biopsy compared to systematic TRUS-biopsy in 

detecting lesions =/> Gleason 3+4 but superior in reducing the diagnosis of insignificant disease, 

similar to conclusions from the MRI-FIRST study15,19. Gleason 4+3 disease was absent in TPM-biopsy 

of lesions of Likert 1-2 though there was a 24% prevalence of Gleason 3+4 disease. At present 

there is insufficient evidence to determine whether the Gleason pattern 4 disease in such patients 

may be significant long-term. Consequently, clinicians may be deterred from relying on MRI as an 

indicator to biopsy. However, allocation to active surveillance protocols would facilitate follow-up 

for these cases and this presents an imperative need to optimise and standardise MRI and active 

surveillance protocols20. The inaccuracy of TRUS-biopsy without targeting continues even when the 

MP-MRI is suspicious and might question the role of doing systematic biopsies in that setting while 

the MRI-FIRST study showed the cumulative benefit from targeted and systematic biopsy for 

suspicious MRI lesions15. Miah et al undertook a large, multi-centre series examining the value of 

targeted fusion biopsy versus non-targeted systematic biopsy in which the latter did not overlap into 

targeted areas. Non-targeted systematic prostate biopsy cores had only a 9% csPCa yield with a 

26.1% prevalence of clinically insignificant prostate cancer. This calls into question the role of 

systematic biopsy especially in the context of PIRADS >/=3 lesions21. Other studies have shown a 1-2 

in 20 rate of significant prostate cancer in non-suspicious MP-MRI cases is in-keeping with findings 

from the PROMIS cohort while showing the rise in insignificant disease detected in using additional 

non-targeted systematic TRUS-biopsy19.  

 

There are some limitations. On TPM-biopsy a 5mm interval for sampling the whole prostate was 

utilised to provide precision for research purposes resulting in the exclusion of men with prostates 

greater than 100mL due to technical difficulties in sampling22. The exclusion of patients with large 

prostate glands is likely to have reduced the proportion of men with true negative glands and led 

to reduced NPV both for MP-MRI and TRUS-biopsy. TPM-biopsy may not be applied routinely to 

all men in clinical practice owing to the invasive nature of the technique. We have previously 

reported a 24% rate of urinary retention and significant sustained deterioration in patient 
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reported outcome measures evaluating erectile function and urinary symptoms following TPM-

biopsy from the PICTURE trial23. This highlights that no test can be equally highly accurate and 

confer little morbidity and that the application of MP-MRI as a triage and then targeting strategies 

might offer the optimal balance for men18. Third, deployment of TPM- biopsy followed by TRUS-

biopsy might have contributed to the reduced accuracy of TRUS-biopsy. This order of sampling 

was to protect patients from the potential increased risk of disseminating bacteria following TRUS-

biopsy and to maintain the reliability of TPM-biopsy as the reference standard within PROMIS. 

Finally, targeted biopsy techniques were not able to be evaluated as clinicians and patients were 

blinded to the results of MP-MRI.  

 

 

Conclusion 

 

TRUS-biopsy in the setting of MP-MRI Likert scores 1-2 finds Gleason 3+4 disease in only 1 in 20 

men. Further, for any csPCa definition, TRUS-biopsy had poor sensitivity and variable but low NPV 

across MP-MRI scores. Men undergoing TRUS-biopsy without MP-MRI or only systematic TRUS-

biopsy in the setting of MP-MRI score 3 to 5 should be advised to undergo a repeat targeted biopsy.  
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Tables 

 

Legends 

Table 1. Gleason score of TPM cores, stratified by MRI findings 

Table 2. MRI Likert scores of clinically significant prostate cancer (definition 1) identified on TPM 

biopsy 

Table 3. Diagnostic accuracy of TRUS versus TPM in identifying clinically significant prostate cancer 

(definition 1) across MRI Likert scores 

Table 4. Comparison of TRUS vs. TPM biopsy in men with clinically significant disease (definition 1) 

Table 5. MRI Likert scores of clinically significant prostate cancer (definition 2) identified on TRUS 

and TPM biopsy 

Table 6. Diagnostic accuracy of TRUS versus TPM in identifying clinically significant prostate cancer 

(definition 2) across MRI Likert scores 

Table 7. Biopsy findings of any MCCL 

Table 8. MRI Likert scores for prostate cancer identified on TPM biopsy 

Table 9. Diagnostic accuracy of TRUS relative to TPM across Likert scores for presence of any cancer 
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Table 1. Gleason score of TPM cores, stratified by MRI findings 

MRI 
Likert 
score 

Gleason score on TPM 

 0 3+3 3+4 3+5 4+3 4+5 5+4 Total 

1 12 7 4 0 0 0 0 23 

2 72 29 34 0 0 0 0 135 

3 65 39 55 0 4 0 0 163 

4 13 21 73 1 10 1 1 120 

5 6 4 86 0 30 6 3 135 

Total 168 100 252 1 44 7 4 576 

 

Table 2. MRI Likert score of clinically significant prostate cancer (definition 1) identified on TPM 

biopsy 

MRI Likert 
score 

TPM biopsy- 
non-significant 
disease 

TPM biopsy- clinically 
significant prostate 
cancer 

Total % identified as 
prostate cancer 

Likert 1 22 1 23 4.35% 

Likert 2 119 16 135 11.85% 

Likert 3 129 34 163 20.86% 

Likert 4 50 70 120 58.34% 

Likert 5 26 109 135 80.74% 

Total 346 230 576 39.93% 

 

Table 3. Diagnostic accuracy of TRUS versus TPM in identifying clinically significant prostate cancer 

(definition 1) across MRI Likert scores 

MRI Likert score 
(N) 

Sensitivity 
(95% CI) 

Specificity 
(95% CI) 

PPV 
(95% CI) 

NPV 
(95% CI) 

All scores (576) 48% (42-55) 96% (94-98) 90% (83-94) 74% (69-78) 

1+2 (158) 35% (14-62) 98% (94-100) 67% (30-93) 93% (87-96) 

3 (163) 47% (30-65) 99% (96-100) 94% (71-100) 88% (81-93) 

4 (120) 46% (34-58) 90% (78-98) 87% (71-96) 54% (43-65) 

5 (135) 52% (43-62) 85% (65-96) 93% (84-98) 30% (20-42) 

 

 

 

 

 

Table 4. Comparison of TRUS vs. TPM biopsy in men with clinically significant disease (definition 1) 

Gleason score TRUS 
Biopsy 

Gleason Score TPM Biopsy 

 3+3 3+4 3+5 4+3 4+5 5+4 Total 

0 4 25 0 5 0 0 34 

3+3 6 61 0 8 0 0 75 
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3+4 0 69 0 8 3 0 80 

3+5 0 0 1 0 0 0 1 

4+3 0 7 0 19 1 0 27 

4+4 0 1 0 4 1 0 6 

4+5 0 1 0 0 2 1 4 

5+3 0 0 0 0 0 1 1 

5+4 0 0 0 0 0 2 2 

Total 10 164 1 44 7 4 230 

 

Table 5. MRI Likert scores of clinically significant prostate cancer (definition 2) identified on TRUS and 

TPM biopsy 

MRI Likert 
score 

Biopsy 
modality 

No significant 
disease 

Clinically significant 
prostate cancer 

Total 

% identified 
as prostate 
cancer by 

TPM biopsy 

Likert 1 
TRUS biopsy 23 0 

23 
0.00 % 

TPM Biopsy 18 5 21.74 % 

Likert 2 
TRUS biopsy 122 13 

135 
2.26 % 

TPM Biopsy 96 39 28.89 % 

Likert 3 
TRUS biopsy 126 37 

163 
22.70 % 

TPM Biopsy 94 69 42.33 % 

Likert 4 
TRUS biopsy 64 56 

120 
44.80 % 

TPM Biopsy 28 92 76.67 % 

Likert 5 
 

TRUS biopsy 38 97 
135 

71.85 % 

TPM Biopsy 9 126 93.34 % 

Total 
TRUS biopsy 373 203 

576 
35.24 % 

TPM Biopsy 245 331 57.47 % 

 

Table 6. Diagnostic accuracy of TRUS versus TPM in identifying clinically significant prostate cancer 

(definition 2) across MRI Likert scores 

MRI Likert score 
(N) 

Sensitivity 
(95% CI) 

Specificity 
(95% CI) 

PPV 
(95% CI) 

NPV 
(95% CI) 

All scores (576) 60% (55-65) 98% (96-100) 98% (95-100) 65% (60-70) 

1+2 (158) 30% (17-45) 100% (97-100) 100% (75-100) 79% (71-85) 

3 (163) 51% (38-63) 98% (93-100) 95% (82-99) 73% (64-81) 

4 (120) 60% (49-70) 96% (82-100) 98% (90-100) 42% (30-55) 

5 (135) 76% (68-83) 89% (52-100) 99% (94-100) 21% (10-37) 

 

 

Table 7. Biopsy findings with any MCCL 

Gleason score 
TRUS biopsy 

Gleason Score  
TPM Biopsy 

 0 3+3 3+4 3+5 4+3 4+5 5+4 Total 

0 159 67 59 0 5 0 0 290 

3+3 9 31 87 0 8 0 0 135 

3+4 0 2 90 0 8 0 0 103 
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3+5 0 0 0 1 0 0 0 1 

4+3 0 0 14 0 19 1 0 34 

4+4 0 0 1 0 4 1 0 6 

4+5 0 0 1 0 0 2 1 4 

5+3 0 0 0 0 0 0 1 1 

5+4 0 0 0 0 0 0 2 2 

Total 168 100 252 1 44 7 4 576 

 

Table 8. MRI Likert scores for prostate cancer identified on TPM biopsy 

MRI Likert 
score 

TPM biopsy- no 
prostate cancer 

TPM biopsy- 
prostate cancer 

Total % identified as 
prostate cancer 

Likert 1 0 2 2 100.00 % 

Likert 2 56 45 101 44.55 % 

Likert 3 88 109 197 55.33 % 

Likert 4 17 115 132 87.12 % 

Likert 5 7 137 144 95.14 % 

Total 168 408 576 70.83 % 

 

Table 9. Diagnostic accuracy of TRUS relative to TPM across Likert scores for presence of any cancer 

MRI Likert score 
(N) 

Sensitivity 
(95% CI) 

Specificity 
(95% CI) 

PPV 
(95% CI) 

NPV 
(95% CI) 

All scores (576) 68% [63-72) 95% (90-98) 97% [94-99) 55% [49-61) 

1+2 (103) 40% [26-56) 93% [83-98) 83% [61-95) 65% [54-75) 

3 (197) 55% [45-65) 97% [90-99) 95% [87-99) 63% [55-72) 

4 (132) 70% [61-79) 94% [71-100) 99% [93-100) 32% [20-47) 

5 (144) 85% [78-91) 86% [42-100) 99% [95-100) 23% [9-44) 
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Figures 

Legends 

Figure 1. Gleason scores of TPM biopsy cores 

Figure 2. Identification of clinically significant disease (def 2.) TPM vs. TRUS 
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Figure 1. Gleason scores of TPM biopsy cores 
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Figure 2. Identification of clinically significant disease (def 2.) TPM vs. TRUS 
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