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Key points 90 

Question 91 

Is biparametric MRI non-inferior to multiparametric MRI in the detection of 92 

clinically significant prostate cancer? 93 

Findings 94 

In this level-1, prospective, multicentre, within-patient, non-inferiority trial of 95 

490 biopsy-naïve men, biparametric MRI was non-inferior to multiparametric 96 

MRI for detection of Gleason Grade Group 2 or higher prostate cancer 97 

(difference, -0.4%; 95% confidence interval, -1.2% to 0.4%; p=0.5).  98 

Meaning 99 

In men with suspected prostate cancer, providing image quality is adequate, 100 

an abbreviated biparametric MRI, with or without targeted biopsy, could 101 

become the new standard of care for prostate cancer diagnosis.  102 

  103 
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Abstract  104 

Importance 105 

Multiparametric MRI (mpMRI), with or without prostate biopsy, has become 106 

the standard of care for diagnosing clinically significant prostate cancer 107 

(csPCa). Resource capacity limits widespread adoption. Biparametric MRI 108 

(bpMRI) which omits the gadolinium contrast sequence, is a shorter and 109 

cheaper alternative offering time-saving capacity gains for health systems 110 

globally. 111 

Objective 112 

To assess whether bpMRI is non-inferior to mpMRI for csPCa diagnosis.  113 

Design, setting and participants 114 

A prospective, multicentre, within-patient, non-inferiority trial of biopsy-naïve 115 

men from 22 centres (12 countries) with clinical suspicion of prostate cancer 116 

(elevated prostate-specific antigen (PSA) and/or abnormal digital rectal 117 

examination (DRE)) from April 2022 to September 2023, with the last follow-118 

up conducted on 03 December 2024. 119 

Interventions 120 

Participants underwent mpMRI, comprising T2-weighted (T2-WI), diffusion-121 

weighted (DWI) and dynamic contrast-enhanced (DCE) sequences. 122 

Radiologists reported abbreviated bpMRI first (T2-WI and DWI), blinded to 123 

DCE. After unblinding, radiologists reported the full mpMRI. Patients 124 

underwent a targeted biopsy with or without systematic biopsy if either bpMRI 125 

or mpMRI was suggestive of csPCa. 126 

Main outcomes and measures  127 
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The primary outcome was the proportion of men with csPCa. Secondary 128 

outcomes included the proportion of men with clinically insignificant cancer. 129 

The non-inferiority margin was 5%.  130 

Results 131 

555 men were recruited, of whom 490 were included for primary outcome 132 

analysis. Median (IQR) age was 65 (59-70) years and PSA was 5.6 (4.4-8.0) 133 

ng/mL. The proportion of patients with abnormal DRE was 12.7%. BpMRI was 134 

non-inferior to mpMRI, detecting csPCa in 143 of 490 men (29.2%), compared 135 

to 145 of 490 men (29.6%) (difference, -0.4%; 95% CI, -1.2% to 0.4%; p=0.5). 136 

BpMRI detected clinically insignificant cancer in 45 of 490 men (9.2%), 137 

compared to 47 of 490 men (9.6%) on mpMRI (difference, -0.4%; 95% CI, -138 

1.2% to 0.4%). Central quality control demonstrated that 99% of scans were 139 

of adequate diagnostic quality. 140 

Conclusion and relevance 141 

In men with suspected prostate cancer, providing image quality is adequate, 142 

an abbreviated bpMRI, with or without targeted biopsy, could become the new 143 

standard of care for prostate cancer diagnosis. With approximately 4 million 144 

prostate MRIs performed globally annually, adopting bpMRI could 145 

substantially increase scanner throughput and reduce costs worldwide. 146 

Trial registration 147 

ClinicalTrials.gov Identifier NCT04571840 148 

(Funded by the John Black Charitable Foundation, Prostate Cancer UK, the 149 

European Association of Urology Research Foundation and the 150 

Wolfgang.Dieckmann Foundation) 151 
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Introduction 152 

 153 

In the past five years, multiparametric MRI (mpMRI) with or without prostate biopsy 154 

has become an international standard of care for prostate cancer diagnosis1–3. A 155 

mpMRI consists of three sequences: T2-weighted, diffusion-weighted and dynamic 156 

contrast-enhanced (DCE) imaging. However widespread adoption is challenging due 157 

to resource issues and increased demand for prostate MRI4,5. 158 

 159 

One solution is to adopt a shorter, less resource-intensive scan without the DCE 160 

sequence6,7, known as biparametric MRI (bpMRI). This reduces scan time from 30–161 

40 minutes to 15–20 minutes, thus increasing scanning capacity6,8,9. Using contrast-162 

medium for mpMRI necessitates a medical practitioner to be present in case of an 163 

allergic reaction, meaning that by avoiding a patient injection, bpMRI is less resource 164 

intensive in terms of staff and scanner time. Further, it is known that the contrast-165 

medium used, gadolinium, deposits in the brain, bone, liver and skin10,11. In addition 166 

to the cost of the contrast-medium and its administration, gadolinium contamination 167 

of the environment has been observed11.  168 

 169 

Most studies comparing bpMRI to mpMRI are typically small, single-centre, 170 

unblinded retrospective, and without MRI quality assurance7,12,13. They typically use 171 

a scoring system14 which already assumes that DCE has a limited role in cancer 172 

detection, limiting their ability to show a difference in cancer detection15. Further, 173 

biopsies were typically either not targeted to MRI-suspicious areas or done on basis 174 

of the full mpMRI information only, without considering what would have been done 175 

without the DCE. The only randomised trial comparing bpMRI to mpMRI showed 176 
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significant cancer detection in favour of mpMRI (24% vs. 33%) but without statistical 177 

significance due to being underpowered16. Genuine uncertainty remains as to 178 

whether DCE improves significant cancer detection. Contrast is also thought to play 179 

an important role in staging decisions and evaluating involvement of key anatomical 180 

structures around the prostate, thus influencing treatment eligibility options and 181 

treatment planning17,18.      182 

 183 

We designed the Prostate Imaging using MRI +/- contrast Enhancement (PRIME) 184 

trial, to overcome these limitations15,19 and investigate whether bpMRI is non-inferior 185 

to mpMRI for the detection of clinically significant prostate cancer (csPCa).  186 

  187 
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Methods 188 

 189 

Trial design 190 

 191 

PRIME, NCT04571840, was a prospective, international, multicentre, within-patient, 192 

non-inferiority, level-1 evidence diagnostic yield study conducted in 22 centres in 12 193 

countries (eTable 1, Supplement 3). A diagnostic yield study is one which evaluates 194 

and compares the proportion of men with a target condition detected by different 195 

diagnostic tests. Men who gave written informed consent were enrolled into the 196 

study and underwent mpMRI. The trial protocol has been published19 and was 197 

approved by the ethical review board at each participating institution (Supplement 1). 198 

The trial was monitored by an independent Global Trial Steering Committee.  199 

 200 

Participants 201 

 202 

Participants were recruited in outpatient clinics and were eligible if they were referred 203 

with clinical suspicion of prostate cancer based on elevated PSA or abnormal digital 204 

rectal examination (Figure 1). Participants were required to have PSA ≤ 20ng/mL 205 

and no prior MRI or biopsy. Self-reported ethnicity data were collected on enrolment 206 

using predefined categories to characterise the ethnic composition of the study 207 

cohort (Table 1).  208 

 209 

MRI and prostate biopsy 210 

 211 
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Patients underwent mpMRI using a 1.5 or 3.0T scanner with a pelvic phased-array 212 

coil, with or without an endorectal coil (eTable 2, Supplement 3). T2-weighted, 213 

diffusion-weighted and DCE sequences were acquired according to Prostate 214 

Imaging – Reporting and Data System version 2.1 (PI-RADSv2.1) guidelines14. 215 

Image quality for each scanner was optimised to be guideline compliant at each 216 

site13. 217 

 218 

A site radiologist first evaluated the bpMRI (T2-weighted and diffusion-weighted 219 

imaging), strictly blinded to DCE sequences (Figure 1). Successful blinding was 220 

confirmed for each case by an independent clinician or dedicated computer 221 

workflow. Suspicious areas on bpMRI were identified by the radiologist and assigned 222 

a score according to the Likert20 and PI-RADSv2.1 scoring systems14 on a scale 223 

from 1 to 5, with higher numbers indicating a greater likelihood of csPCa. Both 224 

scoring systems were defined as 1 (highly unlikely), 2 (unlikely), 3 (equivocal), 4 225 

(likely) and 5 (highly likely) to contain csPCa. Radiologists were mandated to record 226 

the bpMRI based decision and biopsy-target recommendations before DCE was 227 

revealed. This allowed an unbiased assessment of bpMRI’s standalone contribution 228 

to cancer detection.  229 

 230 

After immediate unblinding to DCE, the radiologist re-evaluated all three sequences 231 

and generated a new mpMRI report. If a completely new suspicious region was 232 

identified that was absent on bpMRI, or if an existing bpMRI lesion appeared 233 

significantly larger on mpMRI, the newly revealed region (or non-overlapping portion 234 

of the enlarged lesion) was marked as a separate, DCE-specific target for biopsy. 235 
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Areas on either bpMRI or mpMRI suggestive of cancer, scoring 3 (equivocal for 236 

csPCa), 4 (likely for csPCa), or 5 (highly likely for csPCa) on either the Likert or PI-237 

RADSv2.1 scores underwent targeted prostate biopsy. Systematic biopsies were 238 

taken on MRI-negative sides of the prostate.   239 

 240 

If the MRI was not suggestive of csPCa, scoring 1 or 2 on both the Likert and PI-241 

RADSv2.1 scales, bilateral systematic biopsies were undertaken if there was high 242 

clinical suspicion of prostate cancer, with a PSA density of ≥  0.15ng/mL/mL; with a 243 

PSA density < 0.15ng/mL/mL, no prostate biopsy was taken. 244 

 245 

MRI-targeted biopsy registration was performed by visual or software-assisted 246 

registration21,22 via the transperineal or transrectal route, according to local expertise. 247 

Biopsy operators took 4 cores from each suspicious area on MRI. The full biopsy 248 

schema is in the protocol19. 249 

 250 

eTable 3 in Supplement 3 provides details regarding the experience of the clinicians 251 

in the trial. 252 

 253 

Outcomes 254 

 255 

The primary outcome was the proportion of men with csPCa, defined as the 256 

presence of a single biopsy core indicating disease of Gleason grade group (GGG) 2 257 

or greater (the range for GGG is 1 to 5, with higher scores indicating a more 258 

aggressive form of prostate cancer). Secondary outcomes included the proportion of 259 

men with clinically insignificant cancer (GGG 1), test performance and the proportion 260 
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of patients in whom DCE made a difference to treatment eligibility or planning. The 261 

secondary outcomes are listed in eTable 4 in Supplement 3. Outcomes were 262 

reported according to the START21 and STARD23 guidelines (eTables 5 and 6 in 263 

Supplement 3). 264 

 265 

Follow-up 266 

 267 

Participants were followed until their treatment decision. Participants who underwent 268 

further diagnostic tests or treatment were followed until after these procedures. 269 

Patients with negative test results returned to standard of care PSA monitoring.   270 

 271 

Multidisciplinary team meeting 272 

 273 

Radiologists, oncologists and urologists involved in the delivery of radiotherapy, 274 

surgery, focal therapy or active surveillance for prostate cancer led a dedicated trial 275 

muti-disciplinary team meeting. Treatment eligibility options and detailed treatment 276 

planning by individual treatment modality were discussed for each participant based 277 

on their clinical information including patient-reported outcome measures, bpMRI 278 

images and prostate biopsy results, blinded to any DCE-information or DCE-specific 279 

biopsies19. The group was then unblinded to DCE images and DCE-specific biopsies 280 

and re-evaluated the participants’ treatment options and planning. 281 

 282 

Patient-reported outcome measures 283 

 284 
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Participants completed baseline International Index of Erectile Function-5 and 285 

International Prostate Symptom Score questionnaires24,25 to ascertain erectile 286 

function and lower urinary tract symptoms.  287 

 288 

Central quality control 289 

 290 

Following completion of the trial, radiologists and pathologists at the coordinating 291 

centre, unaware of the results of the original reports, reviewed all the MRIs and 15% 292 

of the original pathological specimens, chosen at random from participants at each 293 

site. MRIs were evaluated using the PI-QUAL scoring system26 on a scale from 1 to 294 

5, with higher numbers indicating a higher quality scan. 295 

 296 

Statistical analysis 297 

 298 

The statistical analysis plan (Supplement 2) was prespecified and approved by the 299 

clinical trial group lead, statistician and chief investigator, prior to data analysis. 300 

 301 

Using a non-inferiority margin of 5 percentage points and a one-sided alpha level of 302 

2.5%, 400 men would provide 90% power to show non-inferiority of bpMRI to 303 

mpMRI, assuming an mpMRI underlying probability of detecting clinically significant 304 

cancer of 38%. This sample size was increased to 500 to allow for a 20% rate of 305 

dropout or exclusion after enrolment. A non-inferiority margin of 5 percentage points 306 

was chosen following a consensus meeting of clinicians and patients. This was 307 

determined to be the clinically acceptable trade-off between a small potential drop in 308 

cancer detection against the substantial practical, safety, and economic benefits of 309 
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bpMRI over mpMRI. Detailed justification of the sample size is provided in the 310 

protocol (Supplement 1).  311 

 312 

For the primary outcome, the proportion of men with csPCa detected by bpMRI-313 

targeted biopsy was defined as the number of men with csPCa identified on bpMRI-314 

targeted biopsy divided by the number of men undergoing bpMRI. Similarly, the 315 

proportion of men with csPCa detected by mpMRI-targeted biopsy was defined as 316 

the number of men with csPCa identified on mpMRI-targeted biopsy divided by the 317 

number of men undergoing mpMRI. For the primary outcome, the Likert score was 318 

used to derive a suspicious MRI requiring MRI-targeted biopsy, planned sensitivity 319 

analyses were performed using the PI-RADS v2.1 scale. Detailed derivation of the 320 

status of each patient is given in the statistical analysis plan (Supplement 2). A p-321 

value was obtained using a McNemar test.  322 

 323 

A sensitivity analysis of the primary outcome was performed using a more stringent 324 

definition of csPCa of any core containing GGG 3 or greater.  325 

 326 

For secondary outcomes, the results are reported as point estimates with 95% 327 

confidence intervals (CIs). The widths of the CIs were not adjusted for multiplicity, so 328 

the intervals should not be used for inference. Further analysis details are provided 329 

in eSection 3, Supplement 3. 330 

  331 
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Results 332 

 333 

Trial population 334 

 335 

From April 2022 through September 2023, 555 men were enrolled into the study 336 

from 22 centres in 12 countries. Of these, 490 men were eligible for the primary 337 

outcome analysis (Figure 1). Baseline characteristics of the population are given in 338 

Table 1. 339 

 340 

MRI scans were carried out on 39 scanners, 435/490 (88.8%) on 3.0T scanners, 341 

reported by 30 radiologists (eTable 7 in Supplement 3). MRI identified 308/490 342 

(62.9%) men with at least one suspicious area for biopsy. In those men, the median 343 

number of suspicious areas identified was 2 [IQR:1-2]. Of men undergoing targeted 344 

biopsy, 193/319 (60.5%) were via the transperineal route and 260/319 (81.5%) were 345 

carried out using software-assisted or fusion registration (eTables 8 and 9 in 346 

Supplement 3).  347 

 348 

Outcomes 349 

 350 

The proportion of scans scoring 3 or greater on the Likert scale leading to a biopsy 351 

indication was 273/490 (55.7%) for bpMRI and 280/490 (57.1%) for mpMRI 352 

(difference, 1.4 percentage points) (Table 2; eTable 10A in Supplement 3). DCE 353 

identified newly suspicious areas in 31 of 490 patients (6.3%). Of these 31 patients, 354 

21 (67.7%) had a suspicious area not visible on bpMRI, and 10 (32.3%) had a 355 
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suspicious area that was significantly larger on mpMRI. Twenty-nine of 31 patients 356 

(93.5%) derived no additional csPCa detection from the DCE-specific biopsy. 357 

 358 

BpMRI was non-inferior to mpMRI for detection of csPCa, detecting 143 of 490 men 359 

(29.2%), compared to 145 of 490 men (29.6%) for mpMRI (difference, -0.4 360 

percentage points; 95% CI, -1.2 to 0.4; p=0.5). This result was consistent in the 361 

sensitivity analysis using GGG 3 or higher to define csPCa (difference, -0.4 362 

percentage points; 95% CI -1.2 to 0.4) (eTable 11 in Supplement 3). 363 

 364 

For clinically insignificant cancer detection, bpMRI detected 45 of 490 men (9.2%), 365 

compared to 47 of 490 men (9.6%) on mpMRI (difference, -0.4 percentage points; 366 

95% CI -1.2 to 0.4). Biopsy outcomes and test performance characteristics are given 367 

in Tables 2 and 3. 368 

 369 

Sensitivity, specificity, positive and negative predictive values were similar for bpMRI 370 

(98.0%, 61.6%, 53.1%, 98.6%, respectively) and mpMRI (99.3%, 60.1%, 52.5%, 371 

99.5%, respectively (Table 3; eTable 12 in Supplement 3). There were no major 372 

differences in sensitivity (difference -1.4 percentage points, 95% CI, -3.9 to 1.2) or 373 

specificity (difference 1.5 percentage points, 95% CI, -1.2 to 4.2). Results were 374 

consistent when using the PI-RADsv2.1 scoring system instead of the Likert scoring 375 

system (eTable 10B, eTable 12 in Supplement 3).  376 

 377 

Radiological T-staging decisions, likelihood of extracapsular extension, and 378 

involvement of the bladder neck, seminal vesicle, urethral sphincter and rectal wall 379 

were very similar between bpMRI and mpMRI (eTable 13-14 in Supplement 3).  380 
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 381 

After review at the post-trial multi-disciplinary team meeting with rotating clinician 382 

panels, DCE sequences or DCE-specific biopsies made a difference to treatment 383 

eligibility decisions in 21/488 (4.3%; 95% CI 2.7 to 6.5) of cases and treatment 384 

planning decisions, for example, in how surgery, radiotherapy or focal therapy were 385 

planned to be delivered, in 15/488 (3.1%; 95% CI 1.7 to 5.0) of cases (eTable 15 in 386 

Supplement 3). 387 

 388 

Central review of image quality (eTable 16 in Supplement 3) revealed 482/488 389 

(98.8%) of scans were of adequate diagnostic quality, scoring 3 or higher on the PI-390 

QUALv1 scale. In those 143/488 (29.3%) without optimal diagnostic quality scans, 391 

scoring 4 or lower, 117/143 (81.8%) had an issue with the quality of the T2W or DWI 392 

sequences and 49/143 (34.3%) had an issue with the quality of the DCE sequence 393 

(eTable 17A, 17B in Supplement 3). Central quality review of biopsy specimens is 394 

outlined in eTable 18 in Supplement 3. 395 

 396 

For both bpMRI and mpMRI with or without targeted biopsy, csPCa would have been 397 

missed by a targeted-only biopsy approach, and detected by systematic biopsy in 398 

3/476 (0.6%, 95% CI 0.1 to 1.8) of patients (eTable 19A, 19B in Supplement 3), 399 

leading to a total csPCa prevalence in the cohort of 148/490 (30.2%; 95% CI 26.2 to 400 

34.5). 401 

 402 

Adverse events are described in eTable 20 in Supplement 3. 403 

404 
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Discussion 405 

 406 

The PRIME study demonstrates that a shorter and less resource-intensive bpMRI, 407 

detects as much clinically significant cancer as the full mpMRI, without increasing the 408 

diagnosis of clinically insignificant cancer. Despite earlier concerns that lack of 409 

contrast information would lead to more biopsy recommendations, we found no 410 

evidence of this, with biopsy rates being very similar between bpMRI and mpMRI. 411 

Although DCE sequences identified a small proportion of new suspicious areas on 412 

the mpMRI not seen on the bpMRI, the majority of these did not reveal significant 413 

cancer; overall, test performance characteristics were also very similar between both 414 

bpMRI and mpMRI.  415 

 With approximately four million prostate MRIs performed annually, these findings 416 

have critical global health implications4, and saving a significant proportion of 417 

scanner time and staff time should increase access to imaging and represent a 418 

major opportunity cost saving. The significant benefits of a bpMRI approach include 419 

a shorter scan for the patient, improved scanner throughput for the healthcare 420 

system, avoiding the need for use of gadolinium contrast, elimination of cannulation 421 

and contrast-agent safety risks, avoiding the need for a physician to be present 422 

during scanning and reduced environmental toxicity6,11,27. 423 

DCE sequences have been thought to be particularly important in the local staging of 424 

prostate cancer and involvement of key anatomical structures around the 425 

prostate17,18. However, we found that bpMRI did not really differ from mpMRI in this 426 

evaluation. Further, the use of DCE sequences only changed treatment eligibility 427 

decisions or treatment planning decisions in a minority of cases.  428 

 429 
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Additional findings include that systematic biopsy on MRI-negative sides of the 430 

prostate identified only a very small proportion of men with significant cancer and 431 

could likely be omitted. 432 

 433 

A previous randomised trial showed an approximate 9% increase in significant 434 

cancer detection in favour of mpMRI, which we did not observe here16. However, our 435 

findings are consistent with most published studies comparing bpMRI and 436 

mpMRI7,12,15, although these studies had major limitations. 437 

 438 

Strengths of PRIME include its design as an appropriately powered prospective 439 

multicentre study in many different health care settings and optimised DCE prior to 440 

commencing the study to give the best chance of demonstrating any possible added 441 

value of contrast13. We ensured strict blinding of radiologists who had to submit their 442 

bpMRI findings and biopsy plans from this before being shown the contrast 443 

sequences and performed biopsies based not just on what the mpMRI suggested but 444 

also what the bpMRI suggested. For the first time, we evaluated the added value of 445 

DCE in treatment decision eligibility and planning in a blinded multi-disciplinary team 446 

meeting. We also carried out our primary analysis using the Likert scoring system, 447 

which permits radiologists to weight DCE findings higher than with the PI-RADSv2.1 448 

scoring scale thus realistically permitting a difference between a man being offered a 449 

biopsy or not. We permitted centres to use their local expertise with respect to 450 

radiologists, biopsy operators, biopsy access route and registration technique, which 451 

increases the generalisability of the results. 452 

 453 
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We considered a randomised design, but chose a within-patient trial design as it had 454 

a number of advantages19: first, our patient group and funding peer-reviewed panel 455 

preferred this trial design as if one of the techniques was inferior, patients in a 456 

randomised design would be denied the benefit of targeted biopsies from the other 457 

arm. Second, the within-patient design is a more efficient trial design requiring a 458 

sevenfold lower sample size with equivalent quality of evidence in a diagnostic study. 459 

Third, patients act as their own controls, therefore allowing us to draw conclusions 460 

regarding the value of DCE sequences on a per patient level. Fourth, it allows for the 461 

evaluation of the impact of contrast on staging decisions and treatment eligibility 462 

decisions at an individual patient level.  463 

 464 

There are limitations. First, MRI quality was good in PRIME, as participating sites’ 465 

protocols had been optimised prior to taking part13. Thus, we would advise centres to 466 

ensure that their scans are of good quality prior to considering adopting a bpMRI 467 

approach. Our pre-trial quality control which included both academic and non-468 

academic centres globally suggests that providing an MRI scanner is less than 10 469 

years old, it is very feasible to deliver optimal scan quality, compliant with 470 

international standards, with simple optimisation13, regardless of whether the centre 471 

is academic or not, or whether they possess 1.5T or 3.0T scanners. We have 472 

demonstrated that this can be achieved without any cost requirements to upgrade 473 

equipment and with basic modifications to scanning protocols in line with 474 

international guidelines on minimal standards for MRI conduct13, thus we believe this 475 

is achievable in most centres. Further, our approach to optimise scan quality pre-trial 476 

may have given results in favour of mpMRI detecting more cancer over bpMRI, as 477 

we found that in unoptimised scans amongst our trial network that DCE was the least 478 
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well-done sequence13,22,26 whereas in PRIME our post-trial central evaluation 479 

demonstrated that DCE was of high quality. Of note, a suboptimal bpMRI scan was 480 

not likely to be compensated for by the DCE sequence as in most of these cases, 481 

the DCE was also suboptimal (eTable 17 in Supplement 3).   482 

 483 

Second, it is important to consider the possibility of anchoring bias underestimating 484 

significant cancer detection by mpMRI, as radiologists could have been less likely to 485 

deviate from their report on the bpMRI when declaring their mpMRI findings as they 486 

had already seen the bpMRI. Conversely, as clinicians were aware of the hypothesis 487 

of the study, the standard of care was mpMRI prior to the trial and as the core group 488 

designing the study used DCE in their daily practice, the results were more likely to 489 

have been biased in favour of mpMRI detecting cancer. This is because radiologists 490 

knew that the purpose of the study was to see if areas of suspicion seen when DCE 491 

was revealed harboured significant cancer, thus they would have paid more attention 492 

to the DCE sequences than they might have in routine clinical practice and thus, may 493 

have been more likely to declare a DCE-specific lesion. 494 

 495 

Third, our results reflect practice in centres with highly experienced radiologists and 496 

biopsy operators. It is therefore important to address the need for structured training 497 

and quality control in other centres. Widespread, successful implementation of 498 

bpMRI and targeted biopsy would be supported by educational programmes and a 499 

standardised approach to reporting, potentially including formal accreditation, to 500 

ensure diagnostic accuracy is maintained across diverse practice settings28–31. Such 501 

initiatives are important in aiding clinicians to interpret scans without the perceived 502 

safety net of contrast-enhanced sequences32. 503 
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 504 

Fourth, whilst a shorter scan that avoids the use of contrast, requires fewer staff to 505 

deliver and has similar clinical outcomes, is likely to be cost-effective, a formal health 506 

economic analysis is planned and will be reported separately. 507 

 508 

 Finally, while the immediate focus must be on education and quality 509 

improvement13,28–31, the development of artificial intelligence tools to support image 510 

interpretation could play a significant role in augmenting the future diagnostic 511 

pathway and should be a focus of future work33–35.  512 

 513 

Conclusion 514 

 515 

In summary, in this international multicentre non-inferiority trial, we have 516 

demonstrated that amongst experienced radiologists and providing image quality is 517 

adequate, bpMRI performs very similarly to mpMRI for cancer detection, staging and 518 

treatment planning. We provide level-1evidence that bpMRI could be an alternative 519 

first-line diagnostic test to mpMRI for cancer diagnosis in men with suspected 520 

prostate cancer. 521 

  522 
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Figure Legends 763 

Figure 1. Flow of participants in the PRIME trial. 764 

 765 

Radiologists first reported the biparametric MRI (T2-WI + DWI) blinded to DCE, with 766 

independent verification of blinding. They recorded bpMRI-based decisions and 767 

biopsy targets before DCE was revealed. After immediate unblinding to DCE, 768 

radiologists re-evaluated all sequences and generated an mpMRI report. Any new 769 

suspicious regions or significantly larger lesions on mpMRI compared to bpMRI were 770 

marked as separate, DCE-specific biopsy targets. 771 

 772 

ª Each MRI lesion is scored 1–5 representing the likelihood of clinically significant 773 

prostate cancer using both Likert and PI-RADSv2.1 scoring systems, with the 774 

highest score on either system determining the subsequent pathway. A score of 1 775 

indicates clinically significant cancer is highly unlikely, 3 is equivocal and 5 indicates 776 

it is highly likely. In this trial, scores of 1-2 were considered 'non-suspicious,' and 777 

providing PSA Density ≤ 0.15, they were recommended to avoid biopsy. Scores of 3-778 

5 were considered “suspicious” and recommended to undergo targeted ± systematic 779 

biopsy.   780 

 781 

ᵇ Nine participants identified with no lesions on biparametric MRI and multiparametric 782 

MRI, but a PSA density ≥ 0.15 did not have systematic biopsy. 783 

 784 

ᶜ Clinically significant prostate cancer (csPCa) was defined as the presence of any 785 

cancer with a Gleason Grade Group (GGG) of 2 or greater. The proportion of men 786 

diagnosed with csPCa was the primary outcome. The GGG system is the standard 787 

for grading prostate cancer aggressiveness, ranging from GGG 1 (least aggressive) 788 

to GGG 5 (most aggressive). Higher scores indicate a more aggressive tumour and 789 

a poorer prognosis. 790 

 791 

Abbreviations: bpMRI, biparametric MRI; DCE, dynamic contrast-enhanced 792 

sequence; DWI, diffusion-weighted sequence; DRE, digital rectal examination; 793 

mpMRI, multiparametric MRI; PI-RADS, Prostate Imaging Reporting and Data 794 

System; PSA, prostate-specific antigen; PSAD, prostate-specific antigen density; T2-795 

WI, T2-weighted sequence. 796 

  797 
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Figure 2. Difference in proportion of men with clinically significant prostate 798 

cancer between bpMRI and mpMRI, with non-inferiority margin and 95% CI. 799 

The lower bound of the 95% confidence interval does not cross the non-inferiority 800 

margin, indicating that bpMRI-targeted biopsy is non-inferior to mpMRI-targeted 801 

biopsy.  802 
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Tables 803 

Table 1. Baseline characteristics of participants 804 

Characteristic All participants (n = 490)  

Age (years), median [IQR]   65 [59-70]   

Ethnicity (self-reported), n (%)     

  Asian 17 (3.5) 

  Black, African or Caribbean 20 (4.1) 

  Mixed or Multiple 2 (0.4) 

  Othera 14 (2.9) 

  White 437 (89.2) 

Obesity (BMI > 30 kg/m²), n (%) 32 (6.5) 

Medical history, n (%)  

  Family history of prostate cancer 92 (18.8)   

  Any tumour within last 5 yrs 10 (2.0) 

  Myocardial infarction 12 (2.5) 

  Peripheral vascular disease 10 (2.0) 

  Cerebrovascular disease 10 (2.0) 

  Chronic pulmonary disease 15 (3.1) 

  Diabetes without organ damage 26 (5.3) 

  Diabetes with organ damage 2 (0.6) 

  On blood thinning medication 23 (4.7) 

Abnormal DRE, n (%)   62 (12.7) 

PSA (ng/mL), median [IQR]   5.6 [4.4-8.0]   

WHO Performance Statusb, n (%)     

  0: Fully active  469 (95.7)  

  1: Restricted in strenuous activity 20 (4.1)  

  2: Self-caring but unable to work  1 (0.2)  

 805 
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a  The ‘Other’ category (n=14) includes men that self-reported their ethnicity as 806 

Arabic-Asian (n=1), Chinese (n=1), Hispanic (n=1), Inder (n=1), South Asian (n=1), 807 

Turkish (n=1), Not disclosed (n=8). 808 

b  WHO Performance Status: a scale to assess a patient’s functional ability, ranging 809 

from 0 (fully active) to 5 (dead). Higher scores indicate a greater degree of disability. 810 

Abbreviations: DRE, Digital rectal examination; PSA, Prostate-specific antigen; 811 

WHO, World Health Organisation. 812 

 813 

 814 
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 816 

 817 

 818 

 819 

 820 

 821 

 822 

 823 

 824 

 825 
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 827 

 828 

 829 

 830 

 831 

 832 

 833 

 834 

 835 

 836 



 

38 
 

Table 2. Comparison of outcomes between biparametric and multiparametric 837 

MRI 838 

Outcome 
bpMRI 
(n=490) n (%; 
95% CI) 

mpMRI 
(n=490) n (%; 
95% CI) 

Differencea 
(% points; 
95% CI) 

Clinically significant cancerb 
(Primary outcome) 

143 (29.2; 
25.2 to 33.4) 

145 (29.6; 
25.6 to 33.9) 

-0.4; (-1.2 to 
0.4), p=0.5 

  Gleason Grade Groupc 2 70 (14.3) 70 (14.3)  

  Gleason Grade Group 3 39 (8.0) 40 (8.2)  

  Gleason Grade Group 4 13 (2.7) 13 (2.7)  

  Gleason Grade Group 5 21 (4.3) 22 (4.5)  

Clinically insignificant cancer  
(Gleason Grade Group 1) 
(Secondary outcome) 

45 (9.2; 6.8 to 
12.1) 

47 (9.6; 7.1 to 
12.6) 

-0.4; (-1.2 to 
0.4) 

Proportion of patients with 
biopsy indicationd 

273 (55.7; 
95% CI 51.2 
to 60.2)  

280 (57.1; 
95% CI 52.6 
to 61.6)  

1.4, 95% CI -
0.5 to 3.4 

Proportion of patients with no 
biopsy indicationd 

217 (44.3) 210 (42.9) 1.4; (-3.4 to 0.5) 

No cancer on biopsy (benign) 85 (17.3) 88 (18.0) 
-0.7; (-2.2 to 
1.4)  

a Difference between rates are shown in percentage points.   839 

 840 
b As per primary outcome definition of clinically significant cancer, which was defined 841 

as the presence of a single biopsy core indicating disease of Gleason Grade Group 842 

2 or greater. It was assessed for non-inferiority of bpMRI compared to mpMRI with a 843 

pre-specified margin of 5 percentage points. Clinically insignificant cancer was 844 

therefore defined as the presence of disease only of Gleason Grade Group 1.   845 

 846 
c The Gleason Grade Group (GGG) system classifies prostate cancer based on 847 

glandular architecture seen on histology from biopsy. It is derived from the sum of 848 

the two most common Gleason patterns (each scored 1-5), then mapped to a Grade 849 

Group from 1 to 5, where higher groups indicate more aggressive disease. 850 

Specifically: GGG 1 = Gleason ≤6 (3+3; clinically insignificant cancer), GGG 2 = 851 

Gleason 7 (3+4), GGG 3 = Gleason 7 (4+3), GGG 4 = Gleason 8 (4+4, 3+5 or 5+3), 852 

GGG 5 = Gleason 9-10 (4+5, 5+4, or 5+5). 853 

  854 
d  As indicated by a Likert score of 3 or greater. 855 

 856 

 857 
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Table 3. Test performance characteristics 858 

Table 3A. Test performance characteristics of biparametric MRI 859 

 Clinically significant prostate cancer, n (%) 

Present  Absent Total 

bpMRI, n (%) 

Positive 145 128 273 

Negative 3 205 208 

Total 148 333 481 

  860 

Sensitivity: 145/148=98.0% (95% CI: 94.2, 99.6) 861 
Specificity: 205/333=61.6% (95% CI: 56.1, 66.8) 862 
Positive Predictive Value: 145/273=53.1% (95% CI: 47.0, 59.2) 863 
Negative Predictive Value: 205/208=98.6% (95% CI: 95.8, 99.7) 864 
 865 

Table 3B. Test performance characteristics of multiparametric MRI 866 

 Clinically significant prostate cancer, n (%) 

Present  Absent Total 

mpMRI, n (%) 

Present 147 133 280 

Absent 1 200 201 

Total 148 333 481 

  867 

Sensitivity: 147/148=99.3% (95% CI: 96.3, 100.0) 868 
Specificity: 200/333=60.1% (95% CI: 54.6, 65.4) 869 
Positive Predictive Value: 147/280=52.5% (95% CI: 46.5, 58.5) 870 
Negative Predictive Value: 200/201=99.5% (95% CI: 97.3, 100.0) 871 
  872 
Difference (95% CI) in sensitivity: 1.4 (95% CI: -1.2, 3.9) 873 
Difference (95% CI) in specificity: 1.5 (95% CI: -1.2, 4.2) 874 

 875 

 876 

Contingency tables (2x2) and corresponding test performance characteristics for the 877 

biparametric (bpMRI) and multiparametric (mpMRI) pathways. The tables cross-878 

tabulate the MRI result (positive defined as a Likert score ≥3, or negative) against 879 

the final histological diagnosis of clinically significant prostate cancer being present 880 

or absent. Analyses for diagnostic performance were performed on n=481 out of 490 881 

participant cohort, excluding 9 participants who did not undergo systematic biopsy as 882 

per protocol. 883 


