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Introduction: Three percent of all new diagnosed prostate cancer (PC) patients are under
the age of 50. Multiparametric MRI (mpMRI) is considered as increasingly powerful tool for
decision-making in diagnosis of PC and in some active surveillance protocols. Since prostate
architecture changes with age, we evaluated the sensitivity of mpMRI to detect clinically sig-
nificant PC in patients under the age of 50 compared to pair-matched older patients.
Methods: Data from a prospective collected and ethics approved database were retrospectively
analyzed. We reviewed 1,395 records of PC patients from the years 2012-2017, identifying
those under the age of 50 who had radical prostatectomy as primary treatment, a pre-operative
mpMRI, a full clinical data set and who had clinically significant cancer (N=51). Tumor size
and International Society of Urological Pathology (ISUP) score pair-matching was performed
for patients older than 55 years. Clinically significant cancer was defined as ISUP >2 or ISUP
2 with >5% Gleason 4. The sensitivity to detect clinically significant cancer with mpMRI was
calculated using pre-operative Prostate Imaging Reporting and Data System (PI-RADS) score
and whole-gland final pathology.

Results: The median patient age in the young and older groups was 47 and 62, respectively.
Both cohorts matched significantly regarding tumor volume (P =0.91) and ISUP score (P
=1.0). The median PI-RADS score for the young group was 3, and 4 for the older group. The
sensitivity for mpMRI, for PI-RADS 3,4 and 5 was 80.3% (95% CI 66.8%—-90.1%) in the young
group and 84.3% in the older group (95% CI 71.4%—-92.9%), demonstrating no statistically
significant difference (P=0.603). Sensitivity of mpMRI for PI-RADS 4,5 was 49.0% (95% CI
34.7%—63.4%) for the young group and 72.5% (95% CI 58.2%—84.1%) for the older group,
which differ significantly (P=0.014).

Conclusions: mpMRI may have a reduced sensitivity for detecting clinically significant PC
in patients under the age of 50 for PI-RADS score 4,5 lesions. Many significant PC lesions
were reported as PI-RADS 3 under the age of 50. We recommend that increased significance is
placed on PI-RADS 3 lesions found in patients under the age of 50.
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Introduction

Prostate cancer (PC) is the most commonly diagnosed cancer in the USA after skin
cancer,' and will affect one in six men during their lifetime. Since the introduction of
prostate-specific antigen (PSA) in the 1980s, the detection of PC has risen.? Although PC
is considered to be a disease commonly affecting men over the age of 65, it is not rare
for young men to be affected as well. The introduction of the PSA blood test resulted in
a dramatic rise in PC incidence in men aged 40—49. Smith et al described PC incidence
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under the age of 50 in classic literature prior to the PSA era
as 0.8%—1.1%,* while Li et al found that in the USA during
2001-2007 the incidence was 3%.! Primary diagnostic tools
for PC in use today include blood PSA and its derivatives,
digital rectal examination and mpMRI of the prostate. mpMRI
is considered as an increasingly powerful tool for decision-
making in patients suspected of having PC or for their active
surveillance protocol in many centers. This young population
not only has the most to gain from active surveillance but also
the most to lose if significant cancer is missed. Thompson
et al evaluated the performance of mpMRI in diagnosis of
clinically significant PC, using transperineal template-guided
mapping biopsies. In their study, they reported a sensitivity of
96% for the general population.* Van Leeuwen et al created
a nomogram to determine the risk of significant PC prior to
biopsy. The nomogram combined mpMRI Prostate Imaging
Reporting and Data System (PI-RADS) score along with other
factors such as age, PSA level and prostate volume. The use
of the nomogram can reduce 28% of prostate biopsies while
missing 2.6% of significant PC cases.® Siddiqui et al compared
MRI-targeted biopsies to standard transrectal ultrasound
(TRUS)-guided biopsies and found 30% higher diagnosis
rate for high-risk cancers.® The PROMIS (PRostate Magnetic
resonance Imaging Study) trial reported diagnostic accuracy of
mpMRI as 93% and found that if TRUS-guided biopsies were
compared to mpMRI-guided biopsies, up to 18% more cases
of clinically significant PC might be detected.” In a review of
the detection abilities of mpMRI for clinically significant PC
by Futterer et al, mpMRI had the potential of excluding clini-
cally significant disease. The sensitivity reported ranged from
58% to 96%.% However, little is published on the diagnostic
accuracy of mpMRI in PC detection in young patients. Since
the architecture of the prostate changes with age (eg, size,
hyperplasia, and glandular/fibrosis proportion), we aimed to
evaluate the sensitivity of mpMRI in the subpopulation of
patients under the age of 50. To the best of our knowledge,
this has never been examined or published before.

Methods
Study design

Data from a prospective collected and ethics-approved data-
base were retrospectively analyzed. Data were collected from
the Garvan Institute of Medical Research Biobank in March
2017. We reviewed 1,395 cases of patients diagnosed with PC
from 2012 to March 2017. From the original cohort, we identi-
fied the patients who had obtained a preoperative mpMRI (at
1.5 T or 3 T and mainly reported by one of our experienced

uroradiologists — RS or DM — each of whom had reported
more than 1,000 cases by then). Lesions were reported by
PI-RADS (scans performed between 2012 and 2014 were
reported by version 1, and scans performed between 2015 and
2017, by version 2). We then narrowed the cohort of patients
to those who had radical prostatectomy as their primary treat-
ment by three experienced surgeons (PDS, CY, and PB at St
Vincent’s Hospital in Sydney, NSW, Australia) (N=1,248).
Neoadjuvant-treated patients were excluded from the cohort
because the effect on prostate architecture might be unex-
pected. This selection process resulted in a population of 796
patients. Of this cohort, 51 patients were under the age of 50
and had a full set of information that enabled pair-matching
and had clinically significant cancer (Figure 1). Data collected
from the bio-bank included patient age at diagnosis, prostate
size, tumor volume, International Society of Urological
Pathology (ISUP) grade from the pathology report, mpMRI
PI-RADS version 1 or 2 score, and blood PSA value.

Pathology

Clinically significant cancer was defined as ISUP >2 or ISUP
2 with >5% Gleason 4. The tumor volume was calculated
from the radical prostatectomy whole mount specimen
according to the 3D volume estimated method.’ The handling
of the radical prostatectomy specimen was done according to
the Royal College of Pathologists of Australasia cutup guide
for examination of prostate.'”

mpMRI acquisition

mpMRI was performed before prostate biopsy witha 1.5 T
magnet or 3 T magnet. Axial, sagittal, and coronal TSE (turbo
spin echo); TR: 4000, TE: 120-135, 3 mm thick slices with
no gap, 16 cm field of view. Axial diffusion: B value: 1,500,
3 mm slices on same plane and slice location as the axial
T2. Axial post contrast T1 dynamic series: 3D sequences,
5 second phases.

We also performed whole pelvis pre-contrast T'1-weighted
and post-contrast T1 fat saturated sequences. Scans were
done using the gold standard European Society of Urogenital
Radiology MRI protocol.!!

Analysis

The 51 patients under 50 years of age were pair-matched to
their most identical patients out of 601 potential candidates
older than 55, using propensity score matching. Matching
criteria included ISUP score and tumor volume on final
pathology. Tumor aggressiveness and volume were selected
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Biobank database

Radical prostatectomy patients
2012-2017

Young cohort

Age <50

Inclusion and
exclusion criteria

Radical prostatectomy as primary treatment
Pre-surgical mpMRI 22012

Operated on by selected surgeons

No cancer treatment prior to surgery
Clinically significant prostate cancer

(ISUP >2 or ISUP 2 with >5% Gleason 4)

Figure | Flow chart of patients’ selection process.

Matching cohort

Age 256

Abbreviations: ISUP, International Society of Urological Pathology; mpMRI, multiparametric MRI.

as matching criteria as these parameters influence the detec-
tion ability of PC by mpMRI. The sensitivity of the mpMRI
to diagnose clinically significant PC was calculated in each
age group using the PI-RADS score and final pathology
reports of the radical prostatectomy specimen, including
95% Cls. True positives were patients who had a lesion on
mpMRI (PI-RADS 3-5 or PI-RADS 4-5) and had tumor
on the prostatectomy section. False negatives were patients
who had tumor on prostatectomy lesion but did not have a
suspicious lesion on mpMRI (PI-RADS 1-2 or PI-RADS
1-3). The chi-squared test and Mann—Whitney U test were
performed to evaluate matching characteristics and differ-
ences in sensitivity. Statistics were performed using SPSS
version 23 (IBM) and significance was set at P<0.05.

Ethics

Patients were recruited and provided written informed
consent, and data were collected at the time of surgery, as
approved by the St Vincent’s Hospital Human Research Ethics
Committee (HREC/12/SVH/231) in Sydney, NSW, Australia.
Only de-identified data were used for analyses. Therefore,
no further patient consent was required.

Results

There were 51 patients in each group (see for patients’ char-
acteristics). The median age for the young group was 47 (IQR
45-49) and 62 (IQR 59—-67) for the older matched group. The
median blood PSA level was 4.10 ng/mL (IQR 3.05-6.10)

for the young group and 5.50 ng/mL (IQR 4.10-7.20) for
the older age matched group. The median prostate size for
the young and older groups was 37.0 mL (IQR 33.40-43.0)
and 50.0 mL (IQR 42.25-61.50), respectively. The median
tumor volume was 1.0 mL (IQR 0.70-1.70) for both groups
(P=0.91). Median ISUP score was 2 for both groups (P=1.0).
The median PI-RADS score for the young group was 3, and
4 for the older group (Table 1). The sensitivity of mpMRI,
for PI-RADS 3,4 and 5 was 80.3% (95% CI 66.8%—90.1%)
in the young group and 84.3% in the older group (95% CI
71.4%-92.9%), demonstrating no statistically significant dif-
ference (P=0.603). Sensitivity of mpMRI for PI-RADS 4,5
was 49.0%-95% CI (34.7%—63.4%) for the young group and
72.5%-95% CI (58.2%—84.1%) for the older group, which
differ significantly (P=0.014) (Table 2). Figure 2 illustrates
potential undergrading of PI-RADS 2.

Discussion

The preliminary work assessed, for the first time (to the best
of our knowledge), the sensitivity of mpMRI in a subgroup of
young patients under the age of 50 by comparing pre-surgical
mpMRI and final pathology report after radical prostatectomy
(considered as the gold standard) to pair-matched group of
similar patients over the age of 55. These arbitrary age dif-
ferences were chosen to create an age gap, with an aim to see
whether there are age-dependent differences in the ability to
detect PC with mpMRI. The pair-matching was performed
on tumor volume on whole-mount pathology and the highest
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Table | Patients’ characteristics

Characteristics Patients aged <50 Patients aged 256
Age (years)

Median 47 62

Range 40-50 56-79

IQR 4549 59-67
Pre-operative PSA (ng/mL)

Median 4.10 5.50

Range 1.89-21.00 2.00-12.00

IQR 3.05-6.10 4.10-7.20

Prostate weight (g)

Median 37.00 50.00

Range 21.00-68.70 31.00-127.00

IQR 33.40-43.00 42.25-61.50
Tumor volume (mL)

Median 1.00 1.00

Range 0.10-3.80 0.10-3.90

IQR 0.70-1.70 0.70-1.70
ISUP

Median 2 2

ISUP 2 43 (79.63%) 43 (79.63%)

ISUP 3 7 (12.96%) 7 (12.96%)

ISUP 4 1 (1.85%) 1 (1.85%)
Total 51 51
PI-RADS

Median 3 4

PI-RADS 2 10 (19.61%) 8 (15.69%)

PI-RADS 3 16 (31.37%) 6 (11.76%)

PI-RADS 4 15 (29.41%) 26 (50.98%)

PI-RADS 5 10 (19.61%) 11 (21.57%)
Total 51 51

Notes: The groups were pair-matched for ISUP score (P=1.0) and tumor volume (P=0.91).
Abbreviations: ISUP, International Society of Urological Pathology; PI-RADS, Prostate Imaging Reporting and Data System; PSA, prostate-specific antigen.

Table 2 Results summary

Group age (years) Sensitivity of mpMRI for clinically Sensitivity of mpMRI for clinically
significant PC when PI-RADS significant PC when PI-RADS 4,5
3,4,5 considered as positive considered as positive

<50 80.3% (95% Cl 66.8%—90.1%) 49.0% (95% Cl 34.7%—63.4%)

>55 84.3% (95% Cl 71.4%-92.9%) 72.5% (95% CI 58.2%—84.1%)

Statistical significance P=0.603 P=0.014

Abbreviations: mpMRI, multiparametric MRI; PC, prostate cancer; PI-RADS, Prostate Imaging Reporting and Data System.

ISUP score, as these two parameters equate to architectural
changes in the tissue, which are likely to be reflected on the
mpMRI. We did not match blood PSA levels since even in a
healthy population, the expected PSA for younger and older
patients is not the same, thus, matching them will result in a
bias toward lower PSA in the older group.

We found that the sensitivity of mpMRI for clinically
significant PC, for a PI-RADS score of 4-5, in patients
under the age of 50 was only 49.0%, compared to 72.5% for
older patients (absolute sensitivity reduction of 23.5%). This
phenomenon is also seen in breast cancer screening. Jatala
et al reviewed screening timing and modalities for breast
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Figure 2 (A) Axial diffusion-weighted image, (B value: 1,500; TR: 500, TE: 46). (B) Axial T2 TSE weighted (TR: 4000; TE: 120). (C) Sagittal TSE (TR: 4500; TE: 120) image of
a 45-year-old patient with PI-RADS 2 report and an apical ISUP 3 (Gleason 4+3) with 70% high-grade component (Gleason 4) at the apex. The arrows are pointing the lesion.
Abbreviations: ISUP, International Society of Urological Pathology; PI-RADS, Prostate Imaging Reporting and Data System; TSE, turbo spin echo.

cancer. They described a comparison of contrast-enhanced
MRI and digital mammography in high-risk young women,
mentioning that this population was chosen because of the
dense breast tissue present and the known decreased sensitiv-
ity of mammography in this age group.'? The prostate archi-
tecture dramatically changes with age (Figure 3). Ravoori et
al attempted to optimize the MRI of the prostate in young
and old mice and concluded that the differences in size and
glandular hyperplasia with age imply that age should be an
important determinant when choosing models of prostate
biology and disease.!* One theoretical explanation for the
reduced sensitivity of mpMRI under the age of 50 is that the
tumor (Figure 3B) resembles the normal tissue (Figure 3A)
more than it does in the older group (Figure 3C), which is
more cystic. Nevertheless, one must take into account that,
if considering PI-RADS score of 3,4 or 5 as a threshold for
treatment or further biopsy, a significant difference between
the groups was not found in the current study. This is because
of more clinically significant tumors reported as PI-RADS 3
lesions in the younger age group. This implies that although
PI-RADS 3 means equivocal cancer risk, in young patients,
we must have a lower threshold for further investigation (eg,
biopsy) in that “gray zone” score. We suggest that further
studies might consider and validate a term “PI-RADS 3y”
in the younger population of men under the age of 50, which
might alert the clinician for that phenomenon. An impor-
tant consideration is that radiologists may be biased when
reviewing the mpMRI of younger patients toward a lower
PI-RADS score (eg, prostatitis). One way to address this
possible bias is to blind the radiologist to the patients’ age.

This option is not straight forward because parameters of the
prostate (size, adenoma, etc.) may unmask the patient age.
It is important to mention that, in this trial, all MRI scans
were done prior to biopsy and surgery, thus, there was no
bias of the radiologist toward reporting of higher PI-RADS
scores. Our two main readers (RS and DM) also collaborated
on a trial evaluating mpMRI diagnostic performance.* For
that trial, a comparative accuracy was made and found the
difference to be insignificant (95% CI —0.055 to 0.036, P=
0.676). There were a few limitations to our research. First,
this is a retrospective study, which used the data of a single
institution. Next, our sample size was relatively small due
to very harsh selective criteria (eg, age under 50, mpMRI
done after 2012 when our main radiologists had more than
1,000 reports, selecting our high-volume surgeons only).
Furthermore, due to limited sample size, we were not able
to stratify our outcomes by lesion location on mpMRI.
Moreover, this is not a screening study because all the
patients had PC. Finally, in 2015, the PI-RADS system
was updated from version 1 to version 2. Since our cohort
included scans done in years 2012-2017, we had mixed
reporting. The major difference between the versions was
downgrading the role of contrast-enhanced scans in the
score, thus, if any bias resulted from the change, it would
be that more PI-RADS 3 were reported as PI-RADS 2. We
have ruled out any potential bias by checking that statistical
significance between the patients reported by version 1 and
version 2 in both groups demonstrated nonsignificance in
both age groups (for patients under the age of 50, P=0.79
and for patients over the age of 55, P=0.36).
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Figure 3 Prostate cancer histology.

Notes: (A) Peripheral zone, normal glandular lobular architecture in a 42-year-old
patient. (B) High-grade anterior carcinoma in a 42-year-old patient. (C) Peripheral
zone, atrophy and cystic changes in a 66-year-old patient. (D) Intermediate (4+3)
grade posterior carcinoma. In all slides, H&E dye and X2 magnification were used.

Conclusions

mpMRI in patients under the age of 50 has a reduced sensitiv-
ity for diagnosing clinically significant PC when compared
with patients over the age of 55. Using the cut-off of PI-
RADS score 4,5 for prostate biopsy might result in missing
half of the clinically significant cancers. We recommend
that a greater weight be applied to PI-RADS score of 3 in
this younger subgroup when deciding to progress to prostate
biopsy. A future prospective screening study is recommended
to evaluate our preliminary findings.
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