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Abstract: Objective: To evaluate rebiopsy rates and clinicopathologic outcomes in patients after a negative MRI-
guided biopsy to better inform the management of these patients. Methods: Patients were included with a clinical
suspicion of prostate cancer (PCa) referred for fusion biopsy for a PI-RADS v2.1 lesion > 3 on multiparametric MRI
and a negative MRI fusion biopsy. Biopsies included targeted and systematic cores. Patients with a prior cancer
diagnosis were excluded. Both baseline and follow-up clinicopathological data, and long-term PSA values were ex-
amined in these patients. Statistical analyses included Wilcoxon rank-sum test and one-way tests. Results: Of 685
total patients, 188 (27%) had a negative fusion biopsy. Of these 88 (47%), 74 (39%), and 26 (14%) had PI-RADS 3, 4,
5 lesions, respectively. Complete follow-up was available for 182/188 patients (97%), with a median of 24 months
(interquartile range: 12-38). Post-biopsy PSA levels decreased the first and the second year (-0.24; and -0.84 ng/
ml/yrs respectively). In follow-up, 44 patients had an MRI (24%) and 20 had a biopsy (10%). A positive PSA velocity
was the only predictive variable for repeat MRI in univariate analysis. On repeat MRI, 9 (27%) patients had disap-
pearance of the initial lesion, 21 (48%) had a lower PIRADS score and 14 (32%) higher. Only 12/182 (6.6%) were
found to have PCa during follow-up, of those 7 (3.8%) were clinically significant. Conclusion: For patients with non-
malignant biopsy findings after an initial mpMRI showing a suspicious PI-RADS lesion, the majority of patients will
have their PSAs return to baseline over time. To support this, repeat MRI frequently demonstrated a disappearance
or downgrading of PIRADS lesions. These data support monitoring patients with this clinical scenario.
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Introduction benign prostate hyperplasia (BPH) or prostatitis
[2]. However, the low predictive value of PSA in
the pre-MRI era and the extended period of
observation time required to evaluate PSA
Kinetics reduce its role in early-stage prostate
cancer detection [3]. Typically, PSA Kinetics use
a PSA velocity (PSAV) threshold of 0.75 ng/ml/
yr, or in patients with PSA of < 4 ng/ml a value

of 0.35 ng/ml/yr is employed [4]. Despite a

New biomarkers and imaging modalities are
being analyzed to both improve the specificity
and predictive value of prostate specific anti-
gen (PSA) as well as reduce the burden of biop-
sies resulting from a false-positive PSA test.
Prostate multiparametric MRI (mpMRI) has
been shown in randomized clinical trials to

improve the predictive value of PSA by reducing
the number of men that undergo biopsies while
detecting more clinically significant cancer [1].
To date, there are still no published guidelines
on the management of patients after a nega-
tive mpMRI-guided biopsy or how to best coun-
sel these patients about their future risk of PCa
detection.

Changes in PSA over time (i.e. PSA kinetics or
PSA velocity) may be helpful in differentiating
men with PCa from benign causes including

potential role for PSA kinetics, PSA progression
in PCa is nonlinear and is thought to have an
exponential pattern of increase suggesting a
complex relationship among PSA kinetics, can-
cer detection, BPH and prostatitis [5].

In combination with PSA, mpMRI has been used
as an imaging strategy to differentiate clinically
significant and insignificant PCa from benign
conditions. Rates of PCa detection for each
scoring increase from PI-RADS 3 (15%), to
PI-RADS 4 (50-60%) to PI-RADS 5 (70-80%) [6].
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A false-positive biopsy may arise due to a tar-
geting error, or MRI reader variability or other
conditions mimicking a tumor lesion such as
BPH and prostatitis [7]. In the latter case, when
the prostate is inflamed, PSA levels often in-
crease dramatically and subsequently decrease
spontaneously [8] and the risk of finding cancer
is reduced when there is a decrease in a follow-
up PSA done before rebiopsy [9].

Given the lack of information on how to coun-
sel patients who present with a discrepancy
between mpMRI and biopsy results, the goal of
this study was to examine features that might
inform this result. We determined that PSA sig-
nificantly decreases during follow-up in most
patients suggesting a noncancer etiology for
their PSA rise. Additionally, we found that biop-
sied PIRADS lesions on MRI frequently disap-
pear or are downgraded in this population.
These data provide reassurance for patients
who experience a negative MRI targeted fusion
biopsy triggered by a clinically significant lesion
on mpMRI.

Material and methods
Study population and follow-up

Between March 2018 to July 2022, patients
referred for an MRI fusion prostate biopsy at a
single tertiary care system who had a mpMRI
with at least one lesion suspicious for prostate
cancer greater or equal to PI-RADS 3 were eval-
uated under an IRB approved protocol. Patients
with prior prostate cancer diagnosis were on
Active Surveillance. Three main domains were
evaluated in this study including: (1) clinical,
such as age, race, prior biopsy history, serum
PSA (ng/mL), and PSA density (ng/mL32), (2)
imaging history and characteristics, and (3)
histopathological reports from all prostate
biopsies done and other pertinent procedures,
notably bladder outlet obstruction (BOO) sur-
geries. PSA kinetics, or PSA dynamics, were
used to describe any measure of PSA along
time, such as PSA velocity or PSA doubling
time. PSA velocity or rate of PSA variation is the
absolute difference in PSA in an elapsed period
of time.

Repeat procedures were also reviewed, such
as new mpMRI and new prostate biopsies -
referred hereafter as repeat or follow-up MRI
(Fu-MRI) and repeat follow-up biopsies (Fu-Bx).
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The data registry was compliant with the Health
Insurance Portability and Accountability Act of
1996 (HIPAA), received institutional IRB approv-
al and only unidentified information was made
available for final analysis.

mpMRI and fusion biopsy protocol

All study patients underwent a 3T mpMRI exam.
Imaging data collected included prostate vol-
ume, lesion score and size (maximal transverse
diameter). Lesions were categorized according
to the most updated version of the PI-RADS
v2.1 score system by dedicated experienced
uro-radiologists experienced in a high-volume
National Cancer Institute designated center.
Lesions reported to be PIRADS > 3, 4 or 5
were targeted for biopsy on all patients. Fusion
biopsies were done only by high-volume urolo-
gists. The prostate and PI-RADS score 3, 4
and 5 lesions were contoured (DynaCAD, Phi-
lips Healthcare, Massachusetts, USA) and
imported to ultrasound (bk3000, BK Medical,
Massachusetts, USA) with image-fusion soft-
ware (UroNav, Philips Healthcare), and at least
3 targeted biopsy cores were taken for every
suspicious lesion with a PI-RADS score > 3.
All patients underwent systematic template
biopsy in addition to the targeted biopsy with
at least 12 cores spatially distributed cores
being taken. Cancer findings were reported
according to the “International Society of
Urological Pathologists” (ISUP) classification
and the PSA value at time of biopsy was used
to stratify patients with AUA risk classification.

Statistical analysis

Continuous variables were reported with the
median and interquartile range (IQR), whereas
categorical variables were reported with fre-
quencies and proportions. Parametric (ANOVA)
and nonparametric (Wilcoxon rank-sum) meth-
ods were used to evaluate differences in the
baseline characteristics among the different
groups. Additionally, differences between PSA
values and rates at different time intervals
were evaluated among the different groups.
PSA velocity was calculated considering the
absolute difference in PSA within a period. The
two-tailed Fisher’s exact test was used to eval-
uate differences in categorical variables, and
univariate analysis using logistic regression
was used to test differences between two
groups. All p values were two-sided, with a sta-
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Table 1. Baseline characteristics of patients with a positive MRI (PI-RADS > 3) and a subsequent

nonmalignant MRI fusion biopsy

Variable

Number of Patients
Age, median (IQR), years
History of prior systematic prostate biopsies
Prostate vol, median (IQR), mL
PSA, median (IQR), ng/mL
PSA density, median (IQR), ng/mL?
Highest PI-RADS for the patient
3
4
5
Number of lesions PI-RADS > 3 lesions
1
2
>3
Max diameter of lesion, median (IQR), mm

Max diameter of lesion with highest score, median (IQR), m

Interval (initial MR, initial fusion biopsy), days
Mean number of cores

188
65 (60-69)
83 (44%)
60.5 (43-87)
7.2 (5.14-11.1)
0.12 (0.08-0.17)

88 (47%)
74 (39%)
26 (14%)

102 (54%)
64 (34%)
22 (12%)
1.4 (1.2-2.0)
1.2 (0.9-1.8)
54 (41-77)
17 (16-20)

tistical significance set at P < 0.05. Statistical
analyses were performed using Stata (17.0,
StataCorp LLC, College Station, TX).

Results
Baseline characteristics

A total of 685 patients had a mpMRI with at
least one lesion suspicious for prostate cancer
> PI-RADS 3 underwent an MRI-transrectal
ultrasound (MRI-TRUS) targeted fusion biopsy.
Of these patients, a total of 188/685 (27%)
patients had a negative no cancer detected
fusion biopsy (Table 1).

This negative biopsy subset had a median age
of 65 years and 93.2% identified as Caucasian.
Fewer than half had a prior biopsy (44%). Me-
dian PSA, PSA density, and prostate volume
were 7.21 ng/mL, 0.12 ng/mL?, and 60.5 mL,
respectively (Table 1). Targeted biopsies were
based in PI-RADS score 3, 4 and 5 in 73
(47%), 70 (39%) and 35 (14%) patients. Most
patients had just one conspicuous lesion (54%)
or 2 lesions (34%), with a median maximum
diameter of 1.4 (1.2-2.0) mm. The median inter-
val time between the mpMRI and the MRI tar-
geted biopsy was 54 days. MRI targeted fusion
biopsy was done in addition to systematic sam-

143

pling, and on average patients had 17 cores
taken (IRQ: 16-20), including 12 from the sys-
tematic distribution and the remainder from
the targeted lesions.

Outcomes of patients with nonmalignant MRI
fusion biopsy

Follow-up information was available for
182/188 (97%) of individuals with a median
follow-up interval of 24 months (IQR: 12-38). In
patients that received no further imaging, 14
(8%) patients had a urological surgery, the
majority (12/14) underwent HoLEP (Holmium
laser enucleation of the prostate) and had
pathological specimens available. The median
interval between the negative initial fusion
biopsy and the surgery was 8 months (IQR:
4-27 mo). During follow-up, 44/182 (24%)
patients had a repeat mpMRI which led to a
repeat biopsy in 20/182 (11%) patients (Figure
1).

With a median FU of 40 months (IQR: 25-46)
months, overall 12/182 (6.6%) patients recei-
ved the diagnosis of PCa by either additional
biopsy (n = 8) or surgical intervention for BOO (n
= 4). The median time to PCa diagnosis was 21
(IQR: 11-33) mo overall. Among the 12 cancers
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188 patients w/ mpMRI w/ PIRADS = 3 and subsequent negative MRI
targeted fusion + systematic biopsy

182 (97%) with available Follow-up (FU)
median FU: 24 (12 — 38) mo

44 had repeat mpMRI during FU
(24%)

| |

138 did not have repeat mpMRI during FU
(76%)

12 patients did not have a
PIRADS = 3 (27%)

32 patients had persistent/new
PIRADS 2 3 (73%)

| |

1 patient had a repeat biopsy (8%)
1 patient had Holep (8%)

17 patients had a repeat biopsy (53%)
5 patients had Holep surgery (16%)

2 patients had a repeat biopsy (1.4%)
12 patients had Holep surgery (8.7%)

1 CsPCa
1 nCsPCa

6 CsPCa
1 nCsPCa

[ 3 nCsPCa

Figure 1. Outcomes of patients after a negative biopsy. Most of the PCa detected in follow-up was after repeat
imaging (75%). Most of patients who had a repeat mpMRI during FU had a persistent PI-RADS lesion (73%). CsPCa
= clinically significant prostate cancer (Grade group, ISUP > 2), nCsPCa = not clinically significant prostate cancer
(Grade group, ISUP = 1), Holep = Holmium laser enucleation of prostate, FU = follow-up, MRI = CsPCa = clinically
significant prostate cancer, PI-RADS = Prostate Imaging Reporting & Data System.

found, 7 (58%) were clinically significant (3
patients ISUP = 2, 2 ISUP = 3, 1 ISUP = 4, and
1 ISUP = 5). Five (42%) were pathologically
insignificant. For the 12 patients in whom pros-
tate cancer was found, the initial MRI lesion
was a PI-RADS score 3, 4, and 5 in 41%, 25%
and 27%, respectively. All 4/12 (33%) patients
found to have prostate cancer after a HoLEP
procedure were placed on active surveillance.
Out of 8/12 (67%) patients found cancer on
repeat biopsy, 4/8 (50%) were treated with
radiation, 1/8 (12.5%) had a radical prostatec-
tomy, and 3/8 (37.5%) were placed on active
surveillance.

PSA decreases in patients after a negative
biopsy during follow-up

For all 182 patients with follow-up, 2651 PSA
measurements were obtained for an average of
13.6 PSA measurements per patient. To track
changes in PSA velocity, values were pooled
into annual intervals categories before and
after the index event (2 years before, 1 year
before, index PSA, 1 year after, 2 years after)
(Figure 2A). When considering the entire co-
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hort, PSA values decreased annually after the
initial MRI and fusion biopsy termed the ‘index
PSA" (7.1 ng/ml (5.0-11.1) to 6.0 (4.7-8.6) to
5.3 (4.2-7.5)). In contrast, PSAs taken prior the
index PSA significantly increased annually (5.3
ng/ml (4.2-7.5) to 5.7 (4.7-8.3) to 7.1 (5.0-11.1);
P = 0.002, P = 0.0009, respectively) (Figure
2A). When plotted temporally, an increase
reaching the index PSA was noted for most of
patients (54% and 65% of the entire cohort, at
1 and 2 years respectively), followed by a con-
tinuous decrease, and return to baseline levels.
Positive PSA velocities of 0.84 and 1.68 ng/
ml/yrs (two and one year before the index PSA)
were noted that triggered the initial MRI and
MRI fusion biopsy.

In patients who had a repeat follow-up MRI,
PSA kinetics differed substantially. A continued
PSA increase in the first 24 months above the
index PSA was seen. PSA velocities for patients
having a repeat MRI were positive compared to
the subset that did not have repeat MRI (P <
0.05 for both) (Figure 2B). Using logistic regres-
sion, no clinicopathologic variables (prostate
volume, PI-RADS score at initial MRI, PSA den-
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Figure 2. PSA decreases after a negative MRI fusion biopsy. A. PSA values before and after index PSA, at different
time intervals (1 year and 2 years). A rise in PSA, followed by a decrease and return to baseline levels was noted
for the patients with a negative biopsy during those 4 years. B. PSA velocity between patients who had a follow-up
MRI and those who did not, and the entire cohort, at different time interval after index PSA. Negative values mean
decrease in PSA over time, whereas positive ones mean increase in PSA.

sity, number of lesion, size of lesion) were dif-
ferent for the patients who had a FU-MRI, with
exception of the PSA velocity at 1 year (OR
1.42,Cl 95% 1.14-1.76, P = 0.001) and 2 years
(OR 2.22, C1 95% 1.12-4.41, P = 0.022).

Repeat MRI demonstrates changes in lesion
PIRADS scoring

Forty-four of 182 (24%) patients had a repeat
mpMRI during FU, among which 9/44 (20%)
patients were found to have PCa (Supplemen-
tary Table 1). Within those nine patients, the
initial MRI lesion was a PI-RADS score 3, 4,
and 5in 33%, 22% and 44%, and on the repeat
MRI a PI-RADS score < 2, 3, 4, and 5 in 22%,
11%, 0% and 67%, respectively.

The median interval between the initial MRI
and a repeat MRI was 25 months (IQR: 15-35),
and this interval was shorter for patients with a
more concerning initial PIRADS lesion fluctuat-
ing from 28 (14-35), 23 (15-36), 17 (12-28)
months for PI-RADS score 3, 4 and 5, respec-
tively (P < 0.05).

When we compared that subset of 44 patients
who had a FU-MRI, marked changes in the total
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number of lesions, size, and highest score
were seen. The initial mpMRI showed PI-RADS
3,4 and 5in 19 (43%), 14 (32%) and 11 (25%),
respectively. In contrast, the FU-MRI showed
PI-RADS 3, 4 and 5 present in 12 (27%), 10
(23%), 10 (23%) of patients, respectively (Figure
3). Another 12 (27%) of patients had a com-
plete resolution of the previously reported le-
sion. Alterations in PIRADS scoring occurred in
35/44 (80%) with 21 (48%) developing a lower
score and 14 (32%) a higher score. Of note,
among the 10 patients with a new or persistent
PI-RADS 5 lesion on MRI, cancer was detected
in 7 (70%) of them.

On FU-MRI 32 patients had a persistent/new
PIRADS > 3 lesion, among which 17 (53%) had
a repeat biopsy. 12 patients had an MRI with
no PIRADS > 3 lesion - only 1 patient (8%) got a
subsequent biopsy.

Discussion

Prostate cancer diagnosis has significantly
changed with the advent of mpMRI. The
PROMIS and PRECISION trials demonstrated
the superiority of pre-biopsy mpMRI, as well as
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PI-RADS 5

32% PI-RADS 4

43% |P1-rADS 3

Index MRI

Figure 3. Sankey diagram demonstrating differences in the percentage of
PI-RADS 3, 4, and 5 lesions from the index MRI-guided biopsy compared

with the repeat MRI done during follow-up.

MRI-targeted prostate biopsy over systematic
biopsy in the detection of clinically significant
prostate cancer [1, 10]. However, factors that
affect mpMRI diagnostic accuracy, including
small lesions or chronic inflammation, reduce
the mpMRI positive predictive value (PPV).
Thus, a non-negligible proportion of patients
with a positive mpMRI do not harbor clinically
significant disease. The outcome for those
patients (suspicious mpMRI lesions and non-
malignant biopsy histology) are still not well-
defined. In the current study, we found that
PSA velocity decreases significantly for most
patients in longitudinal follow-up suggesting a
noncancer etiology. Furthermore, when MRI is
performed in the subset with persistently ele-
vated PSAs, concerning PIRADS lesions com-
monly disappear. These longitudinal data sup-
port mpMRI as an accurate biomarker to assist
in the detection of clinically significant PC.

To date, there is a lack of longitudinal data
regarding the false-negative rate of mpMRI-
targeted biopsy and how PSA kinetics might
be a useful addition to imaging in the era of
mpMRI prior to prostate biopsies [11]. In the
current dataset with complete follow-up (97%)
and a time interval spanning up to 24 months
following the initial workup for prostate cancer,
we found an overall decrease in the PSA with
levels eventually returning to baseline. PSA lev-
els prior to this index biopsy event continuously
increased. With prostate inflammation, PSA lev-
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23%/| PI-RADS 4.

els increase dramatically and
subsequently decrease spon-
taneously [8]. Guidelines sup-
port a repeat PSA prior to biop-
sy as the risk of PCa is reduced
when there is a decrease in a
repeat PSA done before biopsy

PI-RADS 5.

Repeat MRI

[9].

27% | pi-RADS 3.

We also found that PSA kinet-

ics, specifically the PSA veloci-

ty, defined those patients who
Noiledion ended up having a repeat MRI
(24%) from the patients who
did not in the years following
the MRI fusion biopsy. Other
clinicopathologic features (e.g.
PSA density, inflammation) we-
re not predictive. In patient
imaging FU, almost one third
(12/44, 27%) of FU-MRIs con-
verted to negative over a median interval
between consecutive MRIs of 25 mo. Twenty
patients out of the total 182 patients (11%)
underwent a follow-up biopsy. For those pa-
tients, eight (40%) had either a persistent or a
newly diagnosed PIRADS 5 lesions. This finding
suggests closer patient surveillance is requir-
ed when a PIRADS 5 lesion is present on the
repeat MRI since most of the patients (5/7,
71%) with clinically significant prostate cancer
had this finding. Other authors also retrospec-
tively examined this negative MRI guided biop-
sy subset of patients aiming to find baseline
predictors of clinically significant PCa being
detected. Barletta et al. found that 4.9% of
these patients were found to have clinically
significant PCa and that persistent positive
mpMRI was associated with a higher risk,
whereas low PSA density (< 0.15 g/mL?)
decreased this risk. Lastly, von Landerberg et
al. found a rate of 7.95% for newly detected
PCa in the same population, with high PSA den-
sity (> 0.13 g/mL?2) and small prostate volume
being significant predictors of future PCa
detected during FU.

Limitations include the retrospective nature of
this study and consequently no standardized
FU biopsy or labs were in place that might limit
the generalizability of our findings. However, the
majority of patients adhered to a PSA annually
or biannually (63% in the first 2 years) and our
data supports this as an important component
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of follow-up. Being a single institution has limi-
tations, but imaging and reporting was per-
formed in a standardized setting, with experi-
enced urologists doing the biopsy and acade-
mic radiologists dedicated to prostate MRI.
Stabile and et al. have shown factors influenc-
ing variability in the performance of mpMRI in
detecting PCa and found that the experience
levels of the radiologists and/or biopsy opera-
tors are key confounders [12]. Others include
invisible cancer, the reader’s misinterpretation
or targeting failure (missed target or under-
sampled by MRI-targeted biopsy).

Conclusion

To date in studies examining MRI prior to pros-
tate biopsies and advanced targeting tech-
niques none of them reported how PSA per-
formed over time after the initial nonmalignant
fusion biopsy results. We find that PSA de-
creases over time in patients with a positive
MRI but negative fusion biopsy indicating a
nonmalignant reason for the elevated PSA in
this population. Supporting this, in our cohort
the rates of prostate cancer detection were low
(6.6%), even lower when only considering sig-
nificant prostate cancer with ISUP > 2 (3.7%).
Our data suggests that many patients will have
their PSAs return to baseline if monitored after
a fusion biopsy. The monitoring of PSA kinetics
rather than reimaging or rebiopsy is supported
for the primary management of this clinical
scenario.
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Supplementary Table 1. Comparison between patients who had a repeat MRI and those who did not

during their follow-up

Patients with a repeat Patients without a repeat

MRI (n = 44; 24%)

MRI (n = 138; 76%)

Age, median (IQR), years
Prior prostate biopsies
Prostate vol, median (IQR), mL
PSA, median (IQR), ng/mL
PSA density, median (IQR), ng/mL
Highest PI-RADS
3
4
5
Number of lesions PI-RADS > 3
1
2
>3

Max diameter of all lesions, median (IQR), mm

Interval mpMRI and MRI Bx
Interval MRI and FU-MRI
FU-MRI PIRADS, mo (IQR)
3
4
5
Fu-Bx
Prostate Cancer detected
CsPCa detected
Time to first PSA (mo)

63 (58-66)
20 (45%)
56 (44-80)
7.3 (4.8-13)

0.13 (0.08-0.19)

18 (42%)
11 (33%)
10 (23%)

28 (64%)
12 (27%)

2 (5%)
1.2 (0.9-1.7)
1.8 (1.3-2.8)
25 (

14-34)

28 (14-35)
23 (15-36)
17 (12-28)

18 (41%)

9 (20%)

7 (16%)
8.5 (7.2-11.5)

67 (62-71)
60 (44%)
56 (38-78)
6.6 (4.6-9.1) P <0.05
0.12 (0.08-0.16)

56 (41%)
58 (42%)
24 (17%)

71 (51%)

48 (35%)

17 (12%)
1.2 (0.9-1.5)
1.5 (1.1-2.2)

1 (1%) P <0.05
3(2.2%) P<0.05
0 P<0.05

7.9 (6.0-9.8)




