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Abstract

Background: The optimal radiological follow-up of prostate lesions negative on mag-
netic resonance imaging (MRI)-targeted biopsy (MRI-TB) is yet to be optimised.
Objective: To present medium-term radiological and clinical follow-up of biopsy-
negative lesions.
Design, setting, and participants: The records for men who underwent multiparametric
MRI at the UCLH one-stop clinic for suspected prostate cancer between September
2017 and March 2020 were reviewed (n = 1199). Patients with Likert 4 or 5 lesions were
considered (n = 495), and those with a subsequent negative MRI-TB comprised the final
study population (n = 91).
Outcome measurements and statistical analysis: Baseline and follow-up MRI and biopsy
data (including prostate-specific antigen [PSA], prostate volume, radiological scores, and
presence of any noncancerous pathology) were extracted from reports. The last follow-
up date was the date of the last test or review in clinic.
Results and limitations: Median follow-up was 1.8 yr (656 d, interquartile range [IQR]
359–1008). At baseline, the median age was 65.4 yr (IQR 60.7–70.0), median PSA was
7.1 ng/ml (IQR 4.7–10.0), median prostate volume was 54 ml (IQR 39.5–75.0), and med-
ian PSA density (PSAD) was 0.13 ng/ml2 (IQR 0.09–0.18). Eighty-six men (95%) had Likert
4 lesions, while the remaining five (5%) had Likert 5 lesions. Only 21 men (23%) had a
single lesion; most had at least two. Atrophy was the most prevalent pathology on
MRI-TB, present in 64 men (74%), and followed by acute inflammation in 42 (46%), pro-
static intraepithelial neoplasia in 33 (36%), chronic inflammation in 18 (20%), atypia in
lsevier B.V. on behalf of European Association of Urology. This is an open access article
org/licenses/by/4.0/).
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13 (14%), and granulomatous inflammation in three (3%). Fifty-eight men had a second
MRI study (median 376 d, IQR 361–412). At the second MRI, median PSAD decreased to
0.11 ng/ml2 (IQR 0.08–0.18). A Likert 4 or 5 score persisted only in five men (9%); 40 men
(69%) were scored Likert 3, while the remaining 13 (22%) were scored Likert 2 (no
lesion). Of 45 men with a Likert �3 score, most only had one lesion at the second MRI
(28 men; 62%). Of six men with repeat MRI-TB during the study period, two were sub-
sequently diagnosed with prostate cancer and both had persistent Likert 4 scores (at
baseline and at least one follow-up MRI).
Conclusions: Most biopsy-negative MRI lesions in the prostate resolve over time, but any
persistent lesions should be closely monitored.
Patient summary: Lesions in the prostate detected via magnetic resonance imaging
(MRI) scans that are negative for cancer on biopsy usually resolve. Repeat MRI can indi-
cate persistent lesions that might need a second biopsy.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
1. Introduction

Although we and others have shown that the decision to
sample Prostate Imaging-Reporting and Data System (PI-
RADS) or Likert 3 prostate magnetic resonance imaging
(MRI) phenotypes can be informed by factors such as
prostate-specific antigen density (PSAD) and lesion charac-
teristics, targeting of clearly suspicious lesions (PI-RADS or
Likert 4–5) is widely considered uncontroversial (at least
for the time being) [1,2]. Nonetheless, one in five highly sus-
picious lesions are negative on MRI-targeted biopsy (MRI-
TB): in PRECISION, 31% of PI-RADS 4/5 lesions and 6% of
5/5 lesions did not yield cancer on targeting [3]. The chal-
lenges in negative MRI-TB scenarios are (1) to distinguish
false-positive MRI from false-negative biopsy findings and
(2) to determine the level of follow-up stringency required
to ensure no new or misclassified disease is missed. As men-
tioned, we previously addressed the former question by
showing that MRI false positivity is associated with specific
clinicoradiological attributes such as lower PSAD and T2 or
contrast-enhanced sequence signals without substantial
diffusion restriction [2]. In this paper we address the latter
question by providing medium-term radiological outcomes
for biopsy-negative lesions. We specifically demonstrate
that such lesions largely resolve over time and their resolu-
tion goes hand in hand with a reduction in PSAD.
2. Patients and methods

2.1. Clinic setting

The University College London Hospitals (UCLH) prostate cancer one-

stop clinic is a specialist service specifically designed for men with an

MRI-TB indication. Following an abnormal PSA result in the community,

patients are admitted for multiparametric MRI (mpMRI) immediately

reported by an experienced uroradiologist. MRI scans are routinely

scored according to the Likert system at the prostate level (therefore

deriving an overall Likert score) and separately for each lesion. If the

mpMRI is positive (ie, the PI-RADS or Likert score for the prostate or

any lesion is �3) and there is a clinical indication, the patient is offered

the option to undergo MRI-TB. TBs are performed in a cognitive manner

(ie, without fusion software) and although the number of deployments
R. Finn et al., Magnetic Reso
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per target depends on lesion volume, an average of four cores per lesion

is common practice. After the biopsy is performed, the patient is sent

home and the result is communicated a few days later either remotely

or in person.
2.2. Patient selection and follow-up

For this study, all patients who attended the UCLH one-stop clinic and

underwent mpMRI over a 2.5-yr period between September 2017 and

March 2020 were considered (n = 1199). All scans were reported by radi-

ologists highly experienced in prostate MRI reporting (>1000 prostate

MRI scans per year). All MRI reports were retrieved and men with an

overall Likert score of 4 or 5 (n = 495) were further scrutinised to identify

those who underwent MRI-TB under visual registration (n = 462). MRI-

TB pathology reports were retrieved and patients with negative histol-

ogy were finally selected, comprising the final study population of 91

men (Fig. 1A). For this group, all subsequent MRI and pathology reports

were also retrieved; the last day of follow-up was defined as the date of

the last investigation (MRI or biopsy), urology clinic letter, or prostate

intervention, depending on which occurred first. The interval between

baseline MRI and any event of interest was calculated in days (Fig. 1B).
2.3. Information extraction and analysis

Baseline MRI information was recorded for all patients, including pros-

tate volume and PSA at the time of MRI, number of lesions, overall and

lesion-level Likert scores, and lesion location (peripheral and/or transi-

tional zone, right-left, base-mid-apex). In addition, MRI-TB pathology

information such as the presence of inflammation (acute, chronic, or

granulomatous), prostatic intraepithelial neoplasia (PIN), atrophy, or

atypia was recorded for the entire prostate (ie, if either entity was found

in any targeted areas) and at the index lesion level (ie, the highest-

scoring lesion). For all follow-up MRI scans and MRI-TBs, the same radi-

ological and pathology information was recorded (PSA, prostate volume,

number of lesions, overall Likert score, presence of any significant non-

cancerous pathology). Results for continuous and categorical variables

were summarized using simple statistics such as the median, interquar-

tile range (IQR), and proportion. The co-occurrence of noncancerous

pathologies was assessed via multiple correspondence analysis. R ver-

sion 4.2.1 statistical software (R Foundation for Statistical Computing,

Vienna, Austria; http://www.R-project.org/) was used for analyses and

visualisations.
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Fig. 1 – Patient selection and follow-up. (A) The list of all University College London Hospitals (UCLH) patients seen at the one-stop clinic during the study
period was scrutinised for men with an overall Likert score of 4 or 5 (41.3% of the total) and a subsequent magnetic resonance imaging (MRI)-targeted biopsy
(MRI-TB). After exclusion of four patients previously diagnosed with cancer but seen at the one-stop clinic to expedite their assessment, a final population of
91 men (19.7% of those with a high Likert score and subsequent MRI-TB) was selected for this study. (B) The median follow-up for the entire cohort was
approximately 1.8 yr (656 d; interquartile range [IQR] 359–1008); follow up in days (grey bars) and repeat MRI examinations (black dots) are shown for all
patients. Repeat MRI at 1 yr is standard practice at UCLH for biopsy-negative cases; out of 91 men, 58 had a second scan (median interval from baseline: 376 d
IQR 361–412), while a small number of patients had more MRI scans.

Table 1 – Clinical characteristics at baseline and follow-up MRIa

Parameter Baseline MRI MRI 1 MRI 2 MRI 3

Patients (n) 91 58 11 2
Median age, yr (IQR) 65.4 (60.7–70) NA NA NA
Median time from baseline, d (IQR) – 376 (361–412) 890 (752–996) NA
Median prostate volume, ml (IQR) 54 (39.5–75) 55 (45–69) 65 (55–77) NA
Median PSA, ng/ml (IQR) 7.1 (4.7–10) 7 (4.8–9.2) 8 (7–12) NA
Median PSAD, ng/ml2 (IQR) 0.13 (0.09–0.18) 0.11 (0.08–0.18) 0.13 (0.13–0.16) NA
Overall Likert score, n (%)
2 0 13 (22) 4 (36) 1
3 0 40 (69) 6 (55) 1
4 86 (95) 5 (9) 1 (9) 0
5 5 (5%) 0 0 0

Number of lesions (Likert 3–5), n (%) (n = 91) (n = 45) (n = 7)
1 21 (23) 28 (62) 3 (43) 1
2 50 (55) 15 (34) 4 (57) 0
3 14 (15) 2 (4) 0 0
4 6 (7) 0 0 0

MRI = magnetic resonance imaging; IQR = interquartile range; PSA = prostate-specific antigen; PSAD = PSA density; NA = not applicable.
a Most patients had Likert 4 lesions and multiple targetable areas on MRI. Of 91 men, 58 had a second MRI that demonstrated a clear shift towards lower Likert
score, fewer lesions, and lower PSAD. A small number of men had a third and fourth follow-up MRI that demonstrated similar findings.
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3. Results

3.1. Baseline characteristics

The baseline characteristics are presented in Table 1. The
median PSA and age at presentation were 7.1 ng/ml (IQR
4.7–10.0) and 65.4 yr (IQR 60.7–70.0), respectively. Prostate
Please cite this article as: V. Stavrinides, E. Eksi, R. Finn et al., Magnetic Reso
Eur Urol Focus (2023), https://doi.org/10.1016/j.euf.2023.03.011
volumes were calculated using the ellipsoid formula. The
median prostate volume at baseline was 54 ml (IQR 39.5–
75.0), giving a median PSAD of 0.13 ng/ml2 (IQR 0.09–
0.18). Of 91 men, 86 (95%) had a Likert MRI score of 4/5
and the remaining five (5%) had a score of 5/5. Only 21
men (23%) had a single lesion; the remaining 70 (77%)
had at least two lesions. At the prostate level, atrophy was
nance Imaging Follow-up of Targeted Biopsy–negative Prostate Lesions,
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by far the most prevalent noncancerous pathology on MRI-
TB (Table 2 and Fig. 2A), which was present in 64 men
(74%). This was followed by acute inflammation in 42 men
(46%), PIN in 33 (36%), chronic inflammation in 18 (20%),
atypia in 13 (14%), and granulomatous inflammation in
three (3%). Lesion-level analyses generally echoed these
findings (Fig. 2B). Multiple correspondence analysis of
prostate-level pathology demonstrated that acute inflam-
mation was often observed in specimens with atrophy,
while the presence of PIN was more often noted in speci-
mens with atypia (Fig. 2C). Regardless of their hierarchy,
lesions were mainly distributed in the peripheral zone,
and most spanned the middle and apical prostate segments
(Supplementary Fig. 1).

3.2. Clinical, radiological, and MRI-TB follow up

The median follow-up for the entire cohort was approxi-
mately 1.8 yr (656 d, IQR 359–1008). Follow-up information
is given in Table 1. Of 91 men, 58 had a second MRI (median
interval from baseline 376 d, IQR 361–412). The median
prostate volume at the second MRI was 55 ml (IQR 45–
69), median PSA was 7 ng/ml (IQR 4.8–9.2), and median
PSAD decreased to 0.11 ng/ml2 (IQR 0.08–0.18). These
changes were accompanied by substantial shifts in MRI
scores (Fig. 3): only five out of 58 men (9%) had a persis-
tently high overall Likert score of 4, while 40 (69%) were
scored as Likert 3 and the remaining 13 (22%) as Likert 2
(no visible lesion). In addition, of the 45 men with Likert
�3 scores, most now had only one lesion (28 men; 62%).
Eleven men had a third MRI (with a persisting Likert 4 score
in one patient), and the proportion of men without lesions
increased further in comparison to the second scan (four
men; 36%).

Of the six men who had repeat MRI-TB during the study
period, two were subsequently diagnosed with prostate
cancer and both had persistent Likert 4 scores (at baseline
and at least one follow-up MRI). The first patient (age 57
yr; no abnormal pathology) was diagnosed 3.7 yr (1357 d)
after baseline and underwent radical prostatectomy (RP)
for a 7-ml Gleason 3 + 4 cancer. The second patient (age
Table 2 – Prostate-level MRI-TB pathology at baseline and follow-upa

MRI-TB sample

Baseline Follow-up

Patients (n) 91 6
Cancer (n) – 2
Benign pathology, n (%) 91 4
Chronic inflammation 18 (20) 1 (25)
Acute inflammation 42 (46) 2 (50)

Granulomatous inflammation 3 (3) 0
Prostatic intraepithelial neoplasia 33 (36) 3 (75)
Atypia 13 (14) 1 (25)
Atrophy 67 (74) 3 (75)

MRI = magnetic resonance imaging; TB = targeted biopsy.
a At baseline MRI-TB, atrophy was the dominant finding, followed by
acute inflammation, PIN and chronic inflammation. Six men had a second
MRI-TB at some point during the study period, and two were diagnosed
with cancer that was later treated with surgery. The findings for the
remaining four largely emulate baseline pathology.

Please cite this article as: V. Stavrinides, E. Eksi, R. Finn et al., Magnetic Reso
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68 yr; PIN, atypia, and atrophy on pathology) was diagnosed
3.3 yr (1222 d) after baseline with Gleason 4 + 4 disease at
RP. The remaining four patients with repeat MRI-TB were
negative for cancer; their pathology is given in Table 2. Four
patients in total had benign prostatic hyperplasia treatment
(transurethral resection, laser enucleation, or embolization),
all within 2.3 yr from baseline.
4. Discussion

This work further contributes to the evidence base on the
fate of TB-negative prostate MRI lesions. We showed that
most of these highly scoring phenotypes are associated with
atrophy or other noncancerous pathologies and short-term
radiological resolution (both in terms of score severity and
lesion number) is their most likely outcome, usually accom-
panied by a decrease in PSAD. In a similar series of 88 TB-
negative cases described by Meng and colleagues [4], the
rate of persistently high-scoring lesions was higher at 27%
(12/45 men with a second MRI). This could be attributed
to multiple factors, including different targeting, MRI acqui-
sition, and reporting protocols (PI-RADS v2 was used
instead of Likert). The rate of cancer on subsequent MRI-
TB was five out of eight men, in comparison to two out of
six in our series. Other authors more recently reported that
the rate of subsequent clinically significant cancer on
follow-up targeting ranges from 4.9% to 23% [5,6]. An
equally interesting parallel finding in the Meng study is
the low rate of subsequent cancer on concurrent systematic
biopsy in those with decreasing radiological scores (2/13
men; 15%) [4]. These results could imply that nonresolution
of targeted lesions foreshadows prostate cancer diagnosis,
while subsequent cancer risk outside these areas is low.
This view is corroborated by recent work in larger cohorts:
Kinnaird and colleagues [5] reported no clinically significant
cancer in men with negative follow-up MRI. In a carefully
designed study by Barletta and colleagues [6] with median
follow-up of 31 mo for 68 men who underwent a follow-
up TB, the 3-yr survival free from a clinically significant can-
cer diagnosis survival was 92% for those with positive and
65% for those with negative follow-up MRI.

Similarly, Kornienko and colleagues [7] reported that
among 84 men with PI-RADS 4 or 5 lesions and repeat
MRI, more than half of the lesions were downgraded to
PI-RADS �3 at a median of 28 mo, while clinically signifi-
cant disease was detected in 10/24 of these men who also
underwent repeat biopsy, all with persistent MRI lesions.

Pepe and Pennisi [8] estimated that the rate of some
form of inflammation for PI-RADS 5 lesions was approxi-
mately 37%. Meng and colleagues [4] also found that inflam-
mation, atypia, and other pathologies were prevalent at
baseline—just as in our population—but these were not pre-
dictive of subsequent cancer. This should not be necessarily
taken as an indication against a causal relationship between
inflammation and cancer, for reasons discussed elsewhere
[9]. However, determining the histopathology of TB-
negative lesions is important because, despite past asser-
tions, formal studies on the topic have only started to
appear recently: glandular-stromal alterations, acute or
chronic inflammation, and vascular changes have now been
nance Imaging Follow-up of Targeted Biopsy–negative Prostate Lesions,
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Fig. 2 – Magnetic resonance imaging (MRI)-targeted biopsy (MRI-TB) pathology at baseline. Atrophy (Atr), acute inflammation (Ac), prostatic intraepithelial
neoplasia (PIN), and chronic inflammation (Chr) were the dominant pathological findings at baseline at both (A) the prostate and (B) the lesion level,
indicating that their prevalence is similar across targetable areas, regardless of whether the lesion was primary (index) or secondary. (C) Multiple
correspondence analysis (MCA) of prostate-level pathology data confirmed that almost half of the data variance observed can be explained by two principal
components, one related to atrophy and acute inflammation (horizontal axis) and the second one related more to the presence of PIN and atypia (vertical
axis). In the MCA plot, names ending in _NO indicate the absence of a particular pathology, and those ending in _YES indicate presence. Gr = granulomatous
inflammation; Atyp = atypia.
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found in most false-positive MRI lesions and, interestingly,
are more prevalent and more synchronous in MRI-TB tissue
in comparison to systematic biopsy cores from the same
patients [10–12]. Although our population did not undergo
standard systematic sampling, our multiple correspondence
Please cite this article as: V. Stavrinides, E. Eksi, R. Finn et al., Magnetic Reso
Eur Urol Focus (2023), https://doi.org/10.1016/j.euf.2023.03.011
analysis showed that atrophy on MRI-TB is closely associ-
ated with acute inflammation, whereas PIN often co-
occurs with atypia. Whether this implies the existence of
two distinct MRI false-positive types with a different
microstructural basis or a reporting artefact remains to be
nance Imaging Follow-up of Targeted Biopsy–negative Prostate Lesions,
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Fig. 3 – Overall changes in Likert score on serial magnetic resonance
imaging (MRI). Although all 91 men had a Likert score of 4 or 5 at baseline,
among the 58 men who had at least one follow-up MRI, most scores were
downgraded (predominantly to Likert 3). This trend continued in additional
follow-up MRIs. A small number of Likert 4 phenotypes persisted on serial
imaging; interestingly, the twomen subsequently diagnosed with cancer on
follow up MRI-targeted biopsy had persistently high scores (Likert 4) in
their serial MRI scans.
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seen. We also note that biopsy-negative lesions in our pop-
ulation mostly spanned the middle and apical peripheral
zone.

The main limitations of our study include the almost
complete lack of repeat biopsy data and the nonblinding
of the reporting uroradiologists to the initial biopsy result,
which could influence scoring of follow-up MRIs. The lack
of systematic sampling also comes with a small risk of miss-
ing significant disease, although this risk has been deemed
to be small and inherently acceptable in the TB era [13].
Even though the Likert scheme was used instead of PI-
RADS v2, there is substantial experience with this score in
our institution; it is also endorsed by UK policy makers
and its performance against PI-RADS v2 has been favourably
assessed by other authors [14–16]. In addition to the main
limitations, we should also note that the assessment of non-
cancerous pathologies is not as standardised as the report-
ing for prostate cancer pathology. Here, reporting of
noncancerous entities was binary (simple presence or
absence of inflammation or PIN) even though a quantitative
approach could be necessary for more accurate histology-
MRI correlations. Finally, although our study is informative,
longer follow-up is an important prerequisite for advocat-
ing a particular monitoring strategy, which we cannot pro-
pose on the basis of our findings. For the moment, we note
that most TB-negative lesions improve over time and the
short-term risk of subsequent significant cancer in the small
number of men who undergo repeat targeting is associated
with lesion persistence rather than resolution. Equally, the
combination of negative follow-up MRI with low PSAD
can be reassuring: Barletta and colleagues [6] reported a
Please cite this article as: V. Stavrinides, E. Eksi, R. Finn et al., Magnetic Reso
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3-yr rate of clinically significant disease of 6% among such
cases. Collectively, these observations align with systematic
review evidence supporting the view that repeat MRI with
follow-up targeting in cases of persistently suspicious imag-
ing findings is a reasonable management approach,
although larger studies are required [17].
5. Conclusions

In conclusion, negative MRI-TB of highly-scoring prostate
lesions is associated with noncancerous entities such as
PIN, inflammation, and atrophy. Such lesions tend to regress
to less suspicious phenotypes, commonly accompanied by a
reduction in PSAD after the first year. Although repeat
biopsy should always be considered if there is suspicion of
missed significant disease (especially when lesions persist
over time), repeat PSA imaging in selected cases could be
a clinical alternative that spares men from early repeat
biopsies.
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