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Abstract

Introduction: With the advent of multiparametric MRI (mpMRI), clinicians
added an important tool for helping to decide whether a man should undergo
a prostate biopsy. The MRI PI-RADS system stratifies the risk of finding can-
cer on prostate biopsy. PI-RADS 3 lesions often prove to be a diagnostic
challenge, and many men are advised not to proceed with a biopsy based on
this finding. The goal of our paper was to evaluate the likelihood of finding
cancer of clinical significance in this group. Methods: A retrospective 4-year
data and quality analysis was performed of 312 evaluable men undergoing
prostate MRI. Of the subset with scores of PI-RADS 3 who underwent biopsy
(N = 32), 100 percent were biopsied using an MRI-guided fusion technique,
greatly raising the likelihood that the MRI lesion was, in fact, the area sam-
pled. Results: A total of 34% of the men with PI-RADS 3 lesions were found
to have Grade Group > 1, with 15.6 % demonstrating Grade Group > 2. In the
men with cancer, we analyzed and report the relationship to age, ethnicity,
PSA density, and the presence or absence of cribriform findings. Conclusions:
We found that many men with PI-RADS 3 findings on multiparametric MRI
do, in fact, have clinically significant prostate cancer. We suggest that many
factors (such as rate of rise of PSA over time, family history, and rectal ex-
amination findings) be considered in addition to the MRI PI-RADS score to
advise whether or not to proceed with a biopsy of the prostate. Our findings,
from a single, large, community hospital with a diverse ethnic makeup, paral-
lel the findings of large trials done at academic centers of excellence. This de-
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monstrates that comparable diagnostic mpMRI/biopsy quality may be found in
the community setting.

Keywords

MeSH Headings: Prostate, Neoplasms, Diagnosis, Magnetic Resonance
Imaging

1. Introduction

Urologists face a difficult challenge in deciding who should undergo a biopsy to
evaluate for prostate cancer. Multiple strategies have evolved to help decide
when a biopsy of the prostate should be performed. These must be balanced
against the risks of a biopsy including sepsis, cost, the possibility of false positive
or negative results, and discomfort. As MRI has become more frequently used as
a diagnostic adjunct, our group decided to examine more closely the characteristics
of patients who underwent a prostate biopsy with mpMRI findings of PI-RADS 3.
Management of this intermediate risk group has proved challenging to many
clinicians.

MRI has become an important adjunct in the decision-making process. Ad-
vances including 3 Tesla magnets and improved software have increased the
sensitivity and specificity of locating likely sites of prostate cancer. The first ver-
sion of the Prostate Imaging-Reporting and Data System (PI-RADS vl) was
published in 2012. Further refinements have improved accuracy and decreased
inter-observer variation since. These advances have helped increase the likelih-
ood of tumor detection and staging [1]. The specific definition of the various
PI-RADS findings are as follows:

PI-RADS 1: Clinically significant disease is highly unlikely to be present;

Pi-RADS 2: Clinically significant disease is unlikely to be present;

PI-RADS 3: Clinically significant Cancer is equivocal (intermediate risk);

PI-RADS 4: Clinically significant cancer is likely to be present;

PI-RADS 5: Clinically significant cancer is highly likely to be present.

The mpMRI can be used to help target a suspicious MRI lesion, maximizing

the likelihood of the biopsy obtaining tissue from the area of interest [2] [3] [4].

2. Materials and Methods

Exempt status was granted on August 2, 2021, by the Clinical Research Review
Committee of Lowell General Hospital [5]. After de-identification, a retrospec-
tive analysis was performed of all MRI-fusion guided biopsies performed be-
tween October 16, 2017, and November 15, 2021, numbering 320 in total. Pa-
tients were excluded unless the maximal PI-RADS score was 3 or higher, and
appropriate follow-up information and demographic data were complete. A total

of 312 evaluable patients were ultimately included. Data were obtained regarding
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age, ethnicity, pre-biopsy serum PSA level (ng/ml), maximum PI-RADS score
obtained on a multiparametric MRI, and calculated PSA density (PSAD) ex-
pressed as ng/ml/cc), and the final pathology results. PSA was determined using
a Qualigen Therapeutics FastPack PSA system (Qualigen, Carlsbad, CA). If the
initial PSA at the time of referral came from another institution, it was generally
repeated using the Qualigen system for consistency. A decision to proceed with
an mpMRI, and/or ultimately to an MRI-guided prostate fusion biopsy, was made
by the patient and their Urologist after a discussion of the risks and benefits. All
Urologists were in the same single specialty department at the hospital. Many
patients with a PI-RADS 3 finding ultimately elected to not undergo biopsy. This
report focuses only on the patients who were biopsied.

MpMRI studies were performed on a Siemens Magnetom Skyra (3 Tesla) de-
vice (Siemens USA, Washington DC), utilizing multiplanar T2W sequences with
diffusion-weighted imaging and dynamic contrast-enhanced sequences prior to
and following the intravenous administration of Dotarem without the use of an
endorectal coil. All studies were read by Radiologists with subspecialty training
in abdominal imaging. If the decision was made to proceed with an MRI-guided
fusion biopsy, three-dimensional segmentation of the prostate gland with map-
ping of any prostatic lesions was performed on a separate workstation. All pros-
tate fusion biopsies were performed in a trans-rectal fashion using an ARTEMIS
3D Semi-Robotic Prostate Fusion Biopsy System (InnoMedicus, Ltd, Switzer-
land) under either general anesthesia or deep sedation by an experienced Urolo-
gist. All specimens were reviewed by several Pathologists. Pathologic findings
included Gleason score, presence, or absence of perineural invasion, concurrent
prostatitis, atypical small acinar cell proliferation and presence or absence of
Gleason 4 pattern cribriform morphology (which suggests a poorer prognosis).
As the description of cribriform pathology was developed during the study pe-
riod, our Pathologists re-reviewed all the PI-RADS 3 patients whose biopsies
contained Gleason 4 areas for the presence or absence of cribriform change, al-
lowing a more contemporary comparison between studies obtained early in the

observation period to later specimens.

3. Results

A total of 312 evaluable patients were identified with PI-RADS scores of 3, 4 or
5, (32 patients with PI-RADS 3, 197 with PI-RADS 4 and 83 with PI-RADS 5).
Only maximal PI-RADS score were used for analysis. If prostate cancer was
identified, the highest Gleason score was reported. Many patients had a compo-
nent of benign hyperplasia (BPH) in the transitional zone (not separately re-
ported). Significant BPH is recognized as a possible factor accounting for a
higher PSA score, as is the presence of prostatitis. In Figure 1, the overall cha-
racteristics of the entire study group are summarized. Note the associated trend
towards higher average PSA values, higher age, higher PSA density and higher

likelihood of identifying cancer as the maximal PI-RADS scores increase.
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We then further analyzed the specific subgroup of patients with a maximal
MRI finding of PI-RADS 3 as shown in Figure 2 and Figure 3.

A total of 34% of the patients with PI-RADS 3 were found to have prostate
cancer > Gleason score 3 + 3) with 15.6% demonstrating Grade Group 2 (Glea-
son grade 3 + 4) or higher on MRI-guided fusion biopsy. Patients having a prior
diagnosis of prostate cancer in the past on active surveillance and not found to
have cancer currently (n = 2) were excluded. Twelve out of the 32 patients had
new findings of cancer: one patient demonstrated Gleason 4 + 4 adenocarcino-
ma, two patients demonstrated Gleason 4 + 3 adenocarcinoma, two patients
demonstrated Gleason 3 + 4 adenocarcinoma, and seven patients demonstrated
Gleason 3 + 3 adenocarcinoma (one in active surveillance). Of patients who
eventually underwent surgical treatment, concordance of the final pathology
with the preoperative biopsy results was high, although one patient with initial

Gleason 3 + 3 was upgraded to Gleason 3 + 4. Six patients identified with cancer

Maximal PI-RADS Score | Average PSA (ng/ml) Average Age (years) | PSAD* | Percent Cancer Identified
3 (n=32) 8.16 64.6 0.167 34%
4 (n=199) 9.55 66.8 0.30 68%
5 (n=73) 9.74 78.6 0.55 89%

l

* PSAD = PSA/volume of
prostate, expressed as
ng/ml/cc

Figure 1. Overall characteristics of study group.

PSA |AGE|PI-RADS VERSION RACE |FAMILY HISTORY? | PRIOR BIOPSY?| PSAD | IN AS? | +Bx MATCHES MRI? BIOPSY PATHOLOGY
9 75 20 White Yes (prostate) Yes (negative) 0.15 N/A N/A Prostatitis
9.8 68 2.0 Hispanic No Yes (negative) 0.18 N/A N/A Prostatitis
12 74 2.0 Asian No Yes (negative) 0.17 N/A N/A prostatitis
8.7 65 2.0 White No Yes (Prostate Cancer) 0.36 Yes Yes Extensive Gleason 3 + 3, + PN|
12,6 66 2.0 White Yes (prostate) Yes (ASAP) 0.13 Yes Yes Gleason 3 + 3, - {PNI) ASAP
5.0 69 2.0 White No Yes (negative) 0.14 N/A N/A High Grade PIN, prostatits
13.6 56 2.0 Asian No No 0.32 N/A Yes ASAP (“worrisome” for Cancer)
6.7 69 21 Hispanic Yes (female breast) Yes (negative) 0.17 N/A Yes Gleason 4 + 3, - PNI, prostatatitis
208 | 67 2.1 White Yes (prostate) Yes (negagive) 0.29 N/A N/A ASAP, High Grade PIN
11.9 62 2.1 White No Yes (negative) 0.2 N/A NO Gleason 3 +4, - PNI, ASAP
13.8 62 21 White Yes (female breast) No 0.25 N/A A/S prostatitis
9.7 67 2.1 White No Yes i 0.11 N/A N/A ASAP
7.6 60 2.1 Hispanic Yes (prostate) Yes (negative) 0.1 N/A Yes Gleason 4 + 3, - PNI, High grade PIN
2.5 63 2.1 White Yes (prostate) No 0.06 N/A Yes Gleason 3 + 3, - PNI, prostatitis
8.7 73 2.1 White No No 0.16 N/A N/A prostatitis
6.9 61 2.1 Asian No No 0.19 N/A N/A prostatitis
35 65 21 White No Yes (prostate cancer) 0.15 Yes N/A New biopsy: ASAP only
5.1 62 2.1 Hispanic No Yes (negative) 0.8 N/A NO Gleason 3 + 4, - PNI, prostatitis
13.5 76 2.1 White No Yes (negative) 0.13 N/A N/A prostatitis
4.4 62 2.1 White No No 0.09 N/A N/A prostatitis
5.7 67 2.1 White No No 0.09 N/A N/A prostatitis
5.7 60 2.1 Hispanic No No 0.08 N/A N/A High Grade PIN
20.2 76 21 Asian No Yes (negative) 0.24 N/A N/A prostatitis
5.1 71 21 White No No 0.08 N/A Yes Gleason 3 + 3, - PNI, ASAP
50 63 21 White No Yes (negative) 0.1 N/A N/A ASAP
0.86 54 2.1 White Yes (female uterine) No 0.02 N/A N/A Benign
2.9 37 21 White No No 0.16 N/A N/A Benign
6.2 54 2.1 White No No 0.11 N/A N/A prostatitis
68 | 63 2.1 White Yes (female breast) Yes (prostate cancer) 0.09 Yes Yes Gleason 3 + 3, - PNI, prostatitis
6.8 67 21 White No No 0.11 N/A N/A prostatitis
50 | 57 21 White Yes (prostate) No 0.08 N/A Yes Gleason 3 + 3, - PNI, prostatitis
10.6 75 2.1 White No No 0.06 N/A Yes Gleason 4 + 4, - PNI, cribriform pattern, prostatitis

PSAD=PSA/prostate volume (ng/ml/cc), PNI = perineural invasion, PIN=prostatic intraepithelial neoplasia, ASAP=atypical small acinar cell proliferation, AS=active surveillance

Figure 2. Characteristics of maximum score PI-RADS 3 patients.
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Age  PSA Family History PSAD*  WRi fusion Bx Pathology Additional Pathology Comments Treatment
63 6.8 Yes (female breast) 0.09 Adenocarcinoma Gleason 3 +3 Active Surveillance
71 5.1 No 0.08 Adenocarcinoma Gleason 3 +3 Active Surveillance
57 5.0 Yes 0.08 Adenocarcinoma Gleason 3 +3 Active Surveillance
62 5.1 No 0.8 Adenocarcinoma Gleason 3 + 4, - Cribriform pattern Radiation Therapy
65 8.7 No 0.36 Adenocarcinoma Extensive Gleason 3 + 3, + perineural invasion, upgraded to 3+4on radical prostatectomy
66 12.6 Yes 0.13 Adenocarcinoma Gleason 3 +3 Active Surveillance
69 6.7 Yes (female breast) 0.17 Adenocarcinoma Gleason 4 + 3, - cribriform pattern Radiation Therapy
65 315 No 0.15 Adenocarcinoma Gleason 3 +3 Active Surveillance
60 7.6 Yes 0.1 Adenocarcinoma Gleason 4 + 3 (60% 4), + cribriform pattern, + perineural invasion Radical Prostatectomy
75 10.6 Yes 0.08 Adenocarcinoma Gleason 4 +4 Active Surveillance
63 11.9 No 0.2 Adenocarcinoma Gleason 3 +3 Active Surveillance
62 11.9 No 0.2 Adenocarcinoma Gleason 3 + 4, -perineural invasion, ASAP Radiation Therapy

* PSAD = PSA/volume of prostate, expressed in ng/ml/cc,

' !

ASAP = Atypical Small Acinar Cell Proliferation

Figure 3. Management decision as of 2022 for PI-RADS 3 Patients with cancer.

had concurrent findings of prostatitis (see Figure 2), yet their average PSA was
lower than the group, suggesting that this alone did not prompt the biopsy. Pa-
tients with cancer in the PI-RADS 3 group had a lower PSAD average than those
without cancer (0.137 (ng/ml/cc) vs 0.21). Four of the twelve cancer patients had
a family history of prostate cancer, whereas an additional two patients had a
family history of female breast cancer. Gleason 4 with cribriform morphology
was not initially reported during the early years of this study but was included in
the results after pathologic re-review, as it generally conveys a poorer prognosis
[6]. As regards treatment, as of this writing in 2022 six patients are in active sur-
veillance protocols, three elected to be treated with external beam radiation
therapy, and three proceeded with robotic assisted laparoscopic prostatectomy.
As seen in Figure 2, we noted a high correlation with positive biopsy findings in
the areas identified as PI-RADS 3 (10 of 12).

4. Discussion

This project demonstrates our experience in a large community hospital with the
management of patients with a maximal mpMRI PI-RADS score of 3. This is a
common finding on MRI, and often presents a challenge for the treating physi-
cian and patient as to whether to proceed with a biopsy. Although our sample
size is relatively small, we believe that this is the result of progressive stratifica-
tion during the workup process for PSA elevation using mpMRI. Our group of 7
Urologists in a single large community hospital required 4 years to find 32 cases
of PI-RADS 3 patients that were biopsied. In many communities based on prior
studies, the finding of a PI-RADS 3 result typically reduces the likelihood of the
offer of a biopsy. We believe that this study had to be done in a retrospective fa-
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shion. We did not feel that it would be ethical to perform a prospective study
where a group of men with PI-RADS 3 would receive a biopsy and then be
compared to a group that did not. As expected, there appeared to be a significant
likelihood of finding cancer in patients with mpMRI PI-RADS 4 or 5, and almost
no patients were reported as PI-RADS 1 or 2. We noted a positive correlation of
an increased pre-biopsy average PSA of patients with a finding of cancer. Of the
remaining far smaller group that were found to have PI-RADS 3, and elected to
proceed with biopsy, we identified a 34% chance of finding any prostate cancer
in this group, with 5 of the 12 biopsies containing elements of Gleason grade 4
(Grade Group 2 or higher) (including one with Gleason pattern 4 cribriform
morphology). Radiologists occasionally report a “predicted PSA” on mpMRI
reports, based on the measured volume of the prostate, assuming that larger
glands will likely produce more PSA. (A PSA density (PSAD = PSA/prostate vo-
lume) of 0.12 ng/ml/cc is used to predict the expected PSA score). PSAD has
been studied as an independent predictor of the likelihood of finding cancer on
biopsy, with higher values conferring a higher chance of cancer [7] [8] [9]. We
noted the average PSAD in PI-RADS categories 3, 4 and 5 were higher than the
“predicted” PSA, confirming this association. Increasing age also predicted a
higher chance of finding cancer.

In the interpretation of prostate MRI, the possibility of inter-observer varia-
tion between Radiologists must also be considered. A recent meta-analysis at-
tempted to address this issue, finding good inter-observer agreement in inter-
pretation of PI-RADS scores of 4 or 5, as compared to lesser, but still generally
acceptable agreement in the interpretation of PI-RADS 3 [10]. We noted a strong
correlation of positive cancer findings in PI-RADS 3 lesions, suggesting that our
experience parallels that of centers of excellence.

The racial composition of our cohort paralleled the surrounding towns. An eth-
nic estimation of the overall geographic study area consists of 54.3% White
(non-Hispanic), 25.6% Asian, and 18.1% Hispanic. Black or African Americans
make up a relatively small percentage. In our PI-RADS 3 group, there were 23
White patients (72%, of whom 9 had cancer), 5 Hispanic men (16%, of whom 3
had cancer), and 4 Asian men, of whom none had cancer. No Black men in the
entire study group had a PI-RADS 3 score: however, all 7 Black men in the
PI-RADS 4 group were found to have cancer, and the average PSA was 11.7,
which was higher than the overall study population for PI-RADS 4 patients. It is
unclear whether this suggests a selection bias for Black men being referred for
Urologic consultation until their average PSA is higher than the rest of the pop-
ulation or other unidentified factors. One Black man had a PIRADS score of 5
and was also found to have cancer on biopsy.

For clinicians, several challenges exist. While many organizations advocate
some form of screening for prostate cancer (at least with a PSA test) for patients
between the approximate ages of 50 and 70 - 75, the best methods for this are
debated. Another challenge is deciding which cancers are “clinically insignifi-

cant” (Ze. unlikely to cause harm to the individual during their lifespan) and
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which are “clinically significant” (Ze. likely to progress and produce morbidity
or mortality during their lifetime). It is this latter group that should be offered
treatment for cancer. Many men are now in active surveillance protocols, in
which definitive treatment for the prostate cancer is not immediately undertaken
unless evidence of clinical progression is noted. Routine follow up biopsies or
follow up pelvic MRI) are frequently used to evaluate for the possibility of pro-
gression, in which case definitive treatment may be started. Prior studies have
suggested that cancers identified on biopsies done for patients with a maximum
score of PI-RADS 3 are associated with a low likelihood of clinically significant
prostate cancer, defined as Gleason score 3 + 3 (Grade Group 1) [11]. Recently,
however, several groups have questioned this, suggesting that clinically impor-
tant prostate cancers may be missed with such an approach, particularly if other
risk factors are present (older age, smaller median prostate size (which would
correlate with a higher PSAD, such as found in our study) [12] [13]. These stu-
dies suggest that the size of the MRI-identified lesion did not have a positive
correlation with the likelihood of finding cancer. These authors have called into
question the frequent practice of not performing a biopsy for PI-RADS 3 lesions,
finding that a higher than previously reported incidence of clinically significant
prostate cancer may in fact be present. Findings of clinically significant prostate
cancer (defined here as Grade group > 2) may range as high as 27% for a first
biopsy [10] [11]. Our data finds a significant percentage of all-grade prostate
cancers (34%) in this group, with 5 of the 12 positive biopsies in the PI-RADS 3
group demonstrating a Gleason score of 26 (Ze. 2Grade Group 2). This equates
to the finding of “clinically significant” prostate cancer in 15.6% of all PI-RADS
3 findings on MRI.

The use of MRI will likely continue to increase, both at academic and com-
munity hospitals. This will lead to more findings of PI-RADS 3 cases, challeng-
ing Urologists who need to educate patients on the implications.

The newer literature has begun to suggest that the widespread practice of not
offering a biopsy to a man with a PI-RADS 3 lesion may be short sighted, and
that there are patients in this group that harbor clinically significant prostate
cancer-thus excluding them from diagnosis simply based on an “equivocal”
PI-RADS score. This may be an incorrect approach without including other fac-
tors that may favor a biopsy—PSA density is one such example [14]. We believe
that our study is the only one of its kind that employed MRI-fusion guided biop-
sies for 100% of the study group, increasing the likelihood that the significant le-
sions identified on imaging were in fact the tissue that was sampled.

Finally, we note that most of the Urology practiced around the world is per-
formed by community Urologists, and our large community hospital experience
should add to the world’s experience with this challenging diagnosis and man-

agement.

5. Conclusion

Our findings, as well as the evolving literature, suggest that only performing a
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prostate biopsy on an MRI PI-RADS finding of 4 or 5 may miss some men who
have clinically significant (i.e. Grade Group 2 or higher) prostate cancer. An indi-
vidualized approach is highly advised, utilizing as many additional decision making

factors as possible.
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