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IntroDuCtIon
International guidelines now recommend multipara-
metric (mp) MRI as the initial diagnostic test in males 
referred with a suspicion of prostate cancer.1,2 The Prostate 
Imaging–Reporting and Data System (PI- RADS) guide-
lines initially developed in 2012 with further updates in 
2015 and 20193–5 aim to improve MR image acquisition 
and quality, and also to standardize the interpretation of 
prostate MRI. Likert- based scoring systems pre- date the 
development of PI- RADS and are currently advocated in 
UK guidelines for mpMRI interpretation.6–8 Key differ-
ences include the incorporation of clinical information into 

Likert assessment and an equal evaluation of all mpMRI 
sequences, in contrast to the zone- specific dominant 
sequence paradigm of PI- RADS.9

There have been a limited number of studies comparing the 
two scoring systems, mainly involving the first version of 
PI- RADS, which pre- dates the introduction of the domi-
nant sequence model.9–11 A more recent study evaluated 
Likert with PI- RADS v. 2, however, this only involved 1.5 
T imaging, and imaging included a mismatch between T2 
and diffusion- weighted imaging, against current recom-
mendations.12 Furthermore, a UK consensus panel has 
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objective: To compare the performance of Likert and 
Prostate Imaging–Reporting and Data System (PI- RADS) 
multiparametric (mp) MRI scoring systems for detecting 
clinically significant prostate cancer (csPCa).
Methods: 199 biopsy- naïve males undergoing pros-
tate mpMRI were prospectively scored with Likert and 
PI- RADS systems by four experienced radiologists. A 
binary cut- off (threshold score ≥3) was used to analyze 
histological results by three groups: negative, insignifi-
cant disease (Gleason 3 + 3; iPCa), and csPCa (Gleason 
≥3 +4). Lesion- level results and prostate zonal location 
were also compared.
results: 129/199 (64.8%) males underwent biopsy, 
96 with Likert or PI- RADS score ≥3, and 21 with nega-
tive MRI. A further 12 patients were biopsied during 
follow- up (mean 507 days). Prostate cancer was diag-
nosed in 87/199 (43.7%) patients, 65 with (33.6%) csPCa. 
30/92 (32.6%) patients with negative MRI were biopsied, 
with an NPV of 83.3% for cancer and 86.7% for csPCa. 

Likert and PI- RADS score differences were observed 
in 92 patients (46.2%), but only for 16 patients (8%) at 
threshold score ≥3. Likert scoring had higher specificity 
than PI- RADS (0.77 vs 0.66), higher area under the curve 
(0.92 vs 0.87, p = 0.002) and higher PPV (0.66 vs 0.58); 
NPV and sensitivity were the same. Likert had more five 
score results (58%) compared to PI- RADS (36%), but 
with similar csCPa detection (81.0 and 80.6% respec-
tively). Likert demonstrated lower proportion of false 
positive in the predominately AFMS- involving lesions.
Conclusion: Likert and PI- RADS systems both demon-
strate high cancer detection rates. Likert scoring had a 
higher AUC with moderately higher specificity and lower 
positive call rate and could potentially help to reduce the 
number of unnecessary biopsies performed.
advances in knowledge: This paper illustrates that the 
Likert scoring system has potential to help urologists 
reduce the number of prostate biopsies performed.
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previously highlighted the need for further evidence comparing 
the two systems.6 The purpose of this study was therefore to 
directly compare the diagnostic performance of the Likert and 
PI- RADS v. 2 systems for the detection of all cancer and clinically 
significant prostate cancer (csPCa).

MethoDS
Consecutive biopsy- naïve patients undergoing 3 T prostate 
mp- MRI in a university hospital from May 2018 to October 
2018 were included.. The local ethics committee approved this 
research project as a service evaluation and waived the need for 
informed consent (CUH/018/PRN7917). Patients were referred 
from primary care with a suspicion of prostate cancer based on 
a raised prostate- specific antigen (PSA) and/or positive digital 
rectal examination. Patients were prospectively scored using 
both the Likert and the PI- RADS scoring systems. Exclusion 
criteria included patients on active surveillance (n = 13), prior 
treatment for prostate cancer (2) significant motion artefact 
(9), or presence of hip replacement (n = 2). Following this, 199 
patients were included for analysis.

MRI parameters
Prostate MRI was performed on a 3 T HDx Discovery MR750 
HDx (GE Healthcare, Waukesha, USA) using a 32- channel phased 
array coil. Axial, sagittal and coronal planes T2 weighted FR- FSE 
images of the prostate were acquired [echo time/repetition time 
(TE/TR) = 85/3700 ms; field of view (FOV) 24 × 24 cm; matrix 
256 × 256; slice thickness 3 mm]; DWI was performed using a 
SE pulse sequence (TE/TR = 60/3400 ms; matrix 256 × 256; slice 
thickness 3 mm). The following b- values were acquired: b-150, 
b-750, b-1,000, b-1,400 and b-2,000 s/mm2; apparent diffusion 
coefficient maps were automatically calculated. DCE- MRI was 
performed as an axial 3D- FSPGR sequence (TR/TE 4.088/1.788 
ms, FOV 24 × 24 cm) following bolus injection of Gadobutrol 
(Gadovist, Bayer Healthcare) at 3 ml s−1 (dose 0.1 mmol/kg), with 
a temporal resolution of 7 s.

Image analysis
Mp- MRIs were prospectively reported by one of four expe-
rienced uro- radiologists. Readers had full access to all rele-
vant clinical information, including PSA, findings on digital 
rectal examination, and any othermedical history. Scoring was 
performed according to PI- RADS v. 2,3,13 and using a Likert 
system, which is the default system used in our department, as 
previously described,14 wherein 1: highly unlikely to have clin-
ically significant prostate cancer (csPCa), 2: csPCaunlikely, 3: 
indeterminate for csPCa, 4: csPCalikely, 5: highly likely to have 
csPCa; Supplementary Table 1. Both Likert and PI- RADS scores 
were reported simultaneously at the time of initial review. All 
scores ≥ 3 were reviewed in a multidisciplinary team setting 
to determine whether targeted biopsy should be performed. 
In cases of a negative MRI, a decision to perform a system-
atic biopsy was based on clinical risk factors, including family 
history of prostate cancer, absolute PSA ≥10 ng ml−1 and PSA- 
density ≥0.15 ng/ml/cm3. Any patient not undergoing a biopsy 
was followed- up for at least 14 months, with at least one subse-
quent PSA reading.

Biopsy technique
When a target lesion was identified, biopsy was performed 
using a MRI/ultrasound fusion technique by either a transrectal 
(UroNavTM; InVivo Corp) or transperineal approach (BiopseeTM; 
Medcom). At least two biopsy cores were taken from each target 
lesion prior to systematic biopsy cores. A genitourinary pathol-
ogist evaluated all biopsies using the Gleason score according 
to International Society of Urological pathology (ISUP) 2014 
recommendations; all the results were confirmed in a multidis-
ciplinary team setting.15 The final histology result was used as 
reference standard for outcome purposes.

Statistical analysis
Statistical analyses were conducted using “R” v. 3.5.3 (2019; The 
R Foundation for Statistical Computing). General characteristics 
with mean and standard deviation (SD) for normally distributed 
continued variables, and median and interquartile ranges (IQRs) 
for skewed continued variables were calculated. For cases with 
multiple lesions, only the dominant “index lesion” was assessed. 
Outcomes were clustered into three clinically meaningful groups 
based on pathology results: negative, Gleason 3 + 3 (insignificant 
prostate cancer, iPCa), and Gleason ≥ 3+4 (csPCa) and reported 
as counts and percentages. A radiological cut- off of score ≥3 
was applied for both Likert and PI- RADS scores based on the 
stated criteria for each reporting tool, outcomes were reported 
by sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV), absolute false positive (FP) 
and negative (FN) counts, receiver operating characteristic 
(ROC) curves and compared with Delong test to evaluate statis-
tically significant differences. Using the binary clustered results, 
McNemar's test was used to detect significant changes in MRI 
score between the two reporting score systems. Score outcome 
differences between the two methods were separately analyzed 
and compared to biopsy outcome. For statistical analysis, target 
lesions were stratified according to prostate zonal involvement 
(PZ and TZ), lesions arising from the TZ but involving mostly 
the anterior fibromuscular stroma (AFMS) were separately 
assessed;absolute true positive (TP) and FP and FN counts were 
calculated for csPCa and all PCa; to mitigate the biased estima-
tion due unavailable biopsy results (MRI TN and MRI FNs) PPV 
and false discovery rate (FDR) were obtained for the two scores.

reSultS
199 patients were assessed, with a mean age of 64 years (range 
44–84) and median PSA of 6.00 (IQR 4.38–8.74); Table 1.

Pathological outcomes
In total, 117/199 (58.7%) patients underwent initial biopsy, 
including 96 with a positive MRI (Likert/PI- RADS score ≥3) 
and 21 patients with a negative MRI. A further 12 patients were 
biopsied during the follow- up period, thus in total 129 (64.8%) 
patients were biopsied, of which 9 patients were negative on both 
Likert and PI- RADS scoring. Prostate cancer was diagnosed 
in 87/199 (43.7%) patients, including 65/199 (33.6%) clinically 
significant tumors, Gleason ≥ 3+4. The 70 patients with no 
biopsy were followed- up clinically for an average of 16 months 
(median 16, range 14–18 months). In 92 patients, the final MRI 
score was ≤2, 30/92 (32.6%) of those patients were biopsied, with 
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an NPV of 83.3% for any cancer and 86.7% for csPCa Gleason 3 
+ 4,no lesions of Gleason ≥ 4+3 were identified.

Overall diagnostic accuracy
Overall, the Likert system had a moderate but non- significant 
higher specificity than PI- RADS (0.77 vs 0.66; χ2 (1)=3.1; p = 
0.078) but with unchanged sensitivity (both 0.94) leading to a 
significantly higher AUC (0.92 vs 0.87, p = 0.002) and higher 
PPV (0.66 vs 0.58); Table 2, Figure 1. At a positive MRI threshold 
of score ≥3, 107 lesions were identified on one or both of the 
classification systems, with 92 by Likert and 106 lesions by 
PI- RADS scoring. 91 lesions at this cut- off were identified by 
both classifications whilst 16 patients (8%) were reported differ-
ently, with significantly more Likert negative PI- RADS positive 
(n = 15) than Likert positive PI- RADS negative cases (n = 1), 
p = 0.001.15 MRIs reported negative by Likert but positive on 
PI- RADS (11 category 3, three score 4, and one PI- RADS 5), of 
these six patients underwent biopsy, with five benign and one 
Gleason 3 + 3 tumour (Supplementary Figure 1).Conversely, one 
Likert positive (score 4) but PI- RADS negative (score 2) patient 
had a lesion in the region of the AFMS where targeted biopsy 
showed Gleason 3 + 3.

Score outcomes at prostate lesion level
Analyzing the individual scores of the two evaluation systems, 
in 92/199 patients (46.2%) the final score obtained was different; 
of these 32 relate to PI- RADS score 2 being classified as Likert 
category 1 all of which showed no cancer. Likert had a higher 

proportion of category 5 scores (58/199, 29%) compared to 
PI- RADS (36/199, 18%). Likert score 5 lesions demonstrated a 
smaller median diameter compared to PI- RADS 5 at 16 mm and 
21 mm, respectively (Supplementary Table 1) but the detection 
of csPCa was similar at 47/58 (81%) and 29/36 (80.6%), respec-
tively; Table 3, Figure 2. The largest difference was for category 
4 lesions, with 53 lesions scored as PI- RADS-4 and only 16 
Likert 4 (Figure 3). PI- RADS category 4 lesions were upscored 
to Likert 5 in 24 cases, and downgraded to either Likert 3 in 15 
cases or Likert 2 in 4 cases. With regard to category 4 lesions, the 
Likert scoring system demonstrated a higher PPV compared to 
PI- RADS for all cancer (94% vs 75%, respectively), and for clin-
ically significant PCa (62% vs 53%, respectively). Distribution of 
Likert and PI- RADS scores by radiologist is provided in Supple-
mentary Table 1.

Score outcomes at prostate zonal level
The majority of the 107 lesions identified were in the peripheral 
zone (86/107; 80.4%), with 11 in the transition zone (10.3%), 4 
in both (3.7%) and 6 lesions arising from the TZ but localized 
in the AFMS (5.6%); Table 4. Most score changes occurred in 
PZ lesions (50 target lesions); however, no proportional differ-
ences were observed between PZ and TZ (58.1% vs 45.5%). In 
lesions with score ≥3 that differed between Likert and PI- RADS, 
12/16 were in the PZ (13.8% overall) and 4/12 in the TZ (23.5% 
overall), but 3 of the 4 TZ lesions were located in the AFMS; 
Table 4.

Table 1. General characteristics of included patients

Overall Negative Gleason 3 + 3 Gleason ≥ 3+4
Number 199 112 22 65

Age
[years]
Mean (SD)

64.0 (8.4) 61.9 (8.0) 63.3 (11.3) 67.8 (6.4)

PSA level
[ng/ml]
Median [IQR]

6.00 [4.38, 8.74] 5.65 [4.21–8.11] 4.85 [3.87–6.63] 7.08 [5.02–9.80]

PSA density
[ng/ml/cc]
Median [IQR]

0.16 (0.19) 0.10 (0.06) 0.13 (0.07) 0.26 (0.31)

Prostate volume
[cc]
Median [IQR]

52.2 [36.0–75.3] 59.5 [45.4–94.9] 45.4 [28.9–59.7] 42.4 [33.5–56.9]

IQR, interquartile range; SD, standard deviation.

Table 2. Performance comparison of the two systems at a positive MRI cut- off of score ≥3 for csPCa (Gleason score ≥3 +4)

Score
Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Accuracy
(95% CI)

AUC*
(CI 95%)

Likert 0.94
(0.85–0.98)

0.77
(0.69–0.84)

0.66
(0.56–0.76)

0.96
(0.91–0.99)

0.82
(0.76–0.87)

0.92
(0.87–0.95)

PI- RADS 0.94
(0.85–0.98)

0.66
(0.58–0.74)

0.58
(0.48–0.67)

0.96
(0.89–0.99)

0.75
(0.69–0.81)

0.87
(0.82–0.92)

AUC, area under the curve; CI, confidence interval; NPV, negative predictive value; PI- RADS, Prostate Imaging–Reporting and Data System; PPV, 
positive predictive value; csPCa, clinically significant prostate cancer.
*p = 0.002 demonstrates significant difference between the two systems.
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Likert score demonstrated higher PPVs for lesions with an overall 
higher PPV of 66% compared to PI- RADS at 58% for csPCa and 
88 vs 76%, respectively for all PCa. Prediction performances were 
not significantly different between the PZ and TZ for csPCa (χ2 
(3)=4.78, p = 0.189); however, a higher PPV was observed using 
the Likert scoring system for lesions extending into the AFMS, 
with a PPV of 75% for Likert vs 60% with PI- RADS for csPCa 
and 100 vs 60%, respectively for all prostate cancer; Supplemen-
tary Table 1.

DISCuSSIon
Our study demonstrates that both Likert and PI- RADS v. 2 
are comparable systems for the evaluation of prostate mpMRI, 
demonstrating high detection rates of clinically significant 
cancer. At a positive MRI cut- off of score 3, there was an 8% 

difference between the scoring systems, and each system only 
missed one clinically significant cancer. However, Likert scoring 
had a moderate but non- significant higher specificity based on 
a lower FP call rate, which could potentially help to reduce the 
number of unnecessary biopsies performed.

This study benefited from 3 T MRI scanning interpreted by 
experienced readers using PI- RADS v. 2, and using an MRI 
protocol fully compliant with PI- RADS guidelines. The results 
reported are consistent with those previously reported using 
both PI- RADS v. 19,16 and v. 2,11,12 showing similar detection 
rates for csPCa, but with an improvement in diagnostic accu-
racy for the Likert- based system. Khoo et al recently reported 
the Likert detected more csPCa across all definitions of clinically 
significant prostate cancer.12 Although we report an identical 
detection rate between the two systems, it is notable that Likert 
had a moderate increased specificity and significantly higher 
ROC area under the curve, secondary to a lower positive MRI 
call rate. This may relate to incorporation of clinical information 
(including PSA, PSA density clinical symptoms, DRE and family 

Figure 1. ROC curves for Likert and PI- RADS scoring. PI- 
RADS, Prostate Imaging–Reporting and Data System; ROC, 
receiver operating characteristic.

Table 3. Biopsy outcomes per score

Score

Biopsy

Negative Gleason 3 + 3 Gleason ≥ 3+4

N (%) N (%) N (%)
1 PI- RADS 3 (100%) 0 (0%) 0 (0%)

Likert 34 (97%) 1 (3%) 0 (0%)

2 PI- RADS 84 (93%) 2 (2%) 4 (4%)

Likert 67 (93%) 1 (1%) 4 (6%)

3 PI- RADS 10 (59%) 3 (18%) 4 (24%)

Likert 8 (44%) 6 (33%) 4 (22%)

4 PI- RADS 13 (25%) 12 (23%) 28 (53%)

Likert 1 (6%) 5 (31%) 10 (63%)

5 PI- RADS 2 (6%) 5 (14%) 29 (81%)

Likert 2 (3%) 9 (16%) 47 (81%)

PI- RADS, Prostate Imaging–Reporting and Data System.

Figure 2. Graphical visualization of outcome prediction 
change by each scoring system. PCa, prostate cancer.
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history), particularly for borderline calls at a threshold of Likert 
category 2–3 and from a clinical standpoint, this resulted in a 
reduced rate of unnecessary negative biopsies without compro-
mising the detection of csPCa.

The Likert system produced a higher number of category 5 
lesions. This is unsurprising given that the PI- RADS system 

differentiation of category 4 and 5 is based on a size threshold 
or invasive features. Conversely, the Likert system does not 
incorporate size criteria and a score 5 is determined based on 
confidence that a significant lesion is present; our results empha-
size this, with Likert-5 lesions being significantly smaller than 
PI- RADS score 5. However, the percentages of csPCa identified 
by Likert and PI- RADS category 5 were similar and is supported 
by previous work suggesting that lesion diameter has only a 
modest correlation with Gleason grade and significant cancer 
detection.17

Scoring at a lesion level showed the greatest difference for 
PI- RADS categories 2 and 4. A change from PI- RADS score 2 to 
Likert-1 will have little if any clinical relevance, and it has been 
shown that PIRADS v. 2 category 1 prostate classification can be 
as low as 1%.18 The lower number of Likert 4 lesions is mainly 
explained by upscoring of small high probability PI- RADS 
category 4 lesions to Likert 5, however, there was a notable 
downscoring of some lesions to category 3. This may relate to 
PI- RADS score “3 + 1” lesions in the PZ, which can often relate 
to focal prostatitis,19 subsequently scored as Likert 2 or 3 with the 
addition of clinical information. Likert score 4 had a higher PPV 
compared to PI- RADS 4, and may be explained by the relative 
heterogeneity of this category incorporating a range from score 
“3 + 1” through to high probability lesions not quite meeting the 
category 5 size threshold. The number of Likert/PI- RADS cate-
gory 3 was similar, with the downgrading of PI- RADS 4 to Likert 
3 counterbalanced by some PI- RADS 3 scores being reported as 
Likert 2.

Rosenkrantz et al20 found that Likert performed better than 
PI- RADS v. 1 in the TZ. Assessment of the TZ is more chal-
lenging than the PZ, incorporating a subjective assessment of 
the margins and morphology of the target lesion,21 thus evalu-
ation of the zone with all sequences in a less rigid manner may 
be beneficial. Although we did not demonstrate a significant 
difference in assessment of the TZ, this may relate to limited 
numbers, and it is worth noting that 75% of lesions within the 
AFMS region resulted in a change on Likert scoring and with 
improved outcomes. The updated PI- RADS v. 2.1 may address 
these issues with a move towards increased use of DWI in the TZ 
and a separate assessment now proposed for the AFMS region, 
with emphasis on DCE and high b- value imaging.22

Figure 3. Negative PI- RADS score, positive Likert score. 
62 year old male, PSA 5.78 ng ml−1. (a) T2W image, with minor 
motion artefact. (b): DCE image at the same level. (c/d): 
DWI shows 12 mm area of restricted diffusion (arrows) in the 
left anterior stroma region with minor linear, peripheral high 
signal on b-2000 DWI (c) and low ADC (d). The lesion was 
scored PI- RADS category 2 initially based on appearances on 
T2WI, the dominant sequence. Likert score 4 based on early 
enhancement at DCE and given restricted diffusion, particu-
larly the high SI on b-2000 images, features which are not in 
keeping with fibrous tissue. Targeted transperineal biopsy of 
the lesion showed Gleason 3 + 3 tumour in 2/4 cores, maxi-
mally 8 mm. DCE, dynamic contrast enhanced;DWE, diffusion- 
weightedimaging; PI- RADS, Prostate Imaging–Reporting and 
Data System; PSA, prostate- specific antigen; SI, signal inten-
sity; T2WI, T2weighted imaging.

Table 4. Prediction change by lesions zone location

Lesions Change score Change results
N (%) N (%) N (%)

PZ 86 (80%) 50 (58%) 12 (14%)

TZ (TZ +AFMS) 17 (16%) 10 (59%) 4 (24%)

TZ (only) 11 (10%) 5 (46%) 1 (9%)

Predominately AFMS 6 (6%) 5 (83%) 3 (50%)

Both (PZ +TZ) 4 (4%) 0 (0%) 0 (0%)

Total 107 60 16

AFMS, anterior fibromuscular stroma.

http://birpublications.org/bjr
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Our study has some limitations.Likert PI- RADS scores were 
assigned during the same reading session unblinded, thus the 
scoring for one system may have biased the scoring of the other. 
Interobserver agreement could not be assessed due to study 
design, with each study being assessed by 1 of 4 uro- radiologists 
as part of a clinical workflow, however, all readers were at the 
top of their learning curve,23–25 and all scores ≥3 were reviewed 
in a multidisciplinary team setting for clinical safety, meaning 
this may be less relevant.It has been suggested that PI- RADS 
scoring with its more rigid rules should be used when radiolo-
gists are less experienced in mpMRI reporting,8 thus, the high 
experience of the readers in this study may mean these results 
are not fully generalizable. PI- RADS v. 2 was used at the time of 
the study, however, v. 2.1 is now available and may address some 
of the issues highlighted here such as assessment of the anterior 
stroma andinflammatory change in the PZ. The TN rate cannot 
be fully established in males not undergoing biopsy, and there 
is potential for sampling error leading to a FN result in cases of 
both a negative or positive MRI; however, all males underwent 
a minimum of 14 months of clinical follow- up with at least one 
repeat PSA. Reassuringly, the NPV of the biopsied patients with 
a negative MRI was high and no Gleason ≥4 +3 lesions were 
identified.

In conclusion, both Likert and PI- RADS scoring systems have 
a high detection of csPCa at a cut- off positive MRI score  ≥3. 
However, Likert scoring by experienced radiologists resulted 
in lower positive call rate, but with equivalent outcomes, and 
therefore could help reduce the number of unnecessary biopsies 
performed.

De long p = 0.002 demonstrates significant difference between 
the two systems.
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