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Prostate Cancer and Benign Tissues in a Small Cohort of 5-
alpha Reductase Inhibitor Treated Individuals as Compared to an
Untreated Cohort

Olga Starobinets, MS12, John Kurhanewicz, PhD12, and Susan M Noworolski, PhD1:2
1Graduate Group in Bioengineering, UCSF and UC Berkeley

2Department of Radiology and Biomedical Imaging, UCSF

Abstract

The study purpose was to determine whether 5a.-reductase inhibitors (5-ARIs) affect the
discrimination between low-grade prostate cancer (PCa) and benign tissues on mpMRI. Twenty
men with biopsy-proven Gleason 3+3 PCa and 3T mpMRI were studied. Ten patients (Tx) were
receiving 5-ARIs for at least a year at scan time. Ten untreated patients (Un) were matched to the
treated cohort. For each subject two regions of interest (ROI) representing cancerous and benign
tissues were drawn within the peripheral zone of each prostate, MR measures evaluated, and
cancer contrast versus benign [Contrast=(MRtymor-MRHealthy)/MRHeaithy] calculated. Decreased
cancer contrast was noted on T2-weighted images: 0.4 (Un) versus 0.3 (Tx). However, for
functional MR measures, a better separation of cancerous and benign tissues was observed in the
treated group. Cancer contrast on high-b diffusion weighted images (DWI) was 0.61 (Un) vs. 0.99
(Tx). Logistic regression analysis yielded higher AUC (area under the curve) values for
distinguishing cancerous from benign regions in treated subjects on high-b DWI [0.71 (Un), 0.94
(Tx)], maximal enhancement slope [0.95 (Un), 1 (Tx)], peak enhancement [0.84 (Un), 0.93 (Tx)],
washout slope [0.78 (Un), 0.99 (Tx)], K" [0.9 (Un), 1 (Tx)], and combined measures [0.86
(Un), 0.99 (Tx)]. Coefficients of variation for MR measures were lower in benign and cancerous
tissues in the treated group compared to the untreated group. This study's results suggest an
increase in homogeneity of benign and malignant peripheral zone prostatic tissues with 5-ARI
exposure, observed as reduced variability of MR measures after treatment. Cancer discrimination
was lower with T2-weighted imaging, but was higher with functional MR measures in a 5-ARI-
treated cohort compared to controls.
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1. Introduction

One in seven men in the United States will be diagnosed with prostate cancer (PCa) during
his lifetimel. Currently, prostate cancer is most often detected on systematic ultrasound-
guided biopsies prompted by elevated serum prostate specific antigen (PSA) levels.
Unfortunately, prostate biopsies are often associated with discomfort, pain, hematuria, rectal
bleeding and carry a risk of infection?. Additionally, prostate biopsies are inherently limited
by sampling errors3, In recent years, multiparametric magnetic resonance imaging
(mpMRI) has emerged as a powerful noninvasive technique for diagnosis, localization, and
staging of prostate cancer®>®. A growing number of studies attest to the utility of mpMRI in
detecting prostate cancer in untreated men®6.9 or in identifying recurrent disease in patients
treated with definitive therapies (i.e. radiation therapy or radical prostatectomy)10-14,
However, some men, such as those taking 5a.-reductase inhibitors (5-ARI), fall in-between
these two categories. Five alpha-reductase inhibitors such as Finasteride or Dutasteride are
marketed for management of prostate enlargement known as benign prostatic hyperplasia
(BPH), a condition that often contributes to the development of lower urinary tract
symptoms in older men. BPH is extremely common. It affects 50% of men by the age of 50
and 90% of men in their 80s1°. Fifty percent of men in their 60s experience low urinary tract
symptoms due to BPH6. With growing numbers of men receiving mpMRI scans as part of
the active surveillance protocol and with BPH being such a prevalent condition in older men,
it is important to evaluate how the 5-ARIs affect the MR imaging and the interpretation of
the imaging findings.

The health of the prostate is largely dependent on properly regulated actions of androgens
through the androgen receptor (AR) complex!’. Deregulation of the androgen—androgen
receptor pathway plays an important role in the development and progression of prostate
cancer18, The 5a-reductase enzymes convert testosterone, the most abundant circulating
androgen, to dihydrotestosterone (DHT). Increased activity of 5a-reductase results in
increased production of DHT. DHT has a greater affinity for the androgen receptor than
testosterone and is a more effective activator of the AR. Once activated, the AR sets off a
cascade of events resulting in increased cell growth and proliferation characteristic to both
BPH and prostate cancer. One approach in regulating the AR pathway is to block the
synthesis of DHT and by decreasing the levels of circulating androgens, limit the rates of
AR activation and moderate cellular proliferation®.

MpMRI exams probe the prostate gland on a tissue level; diffusion weighted imaging is used
to evaluate cell proliferation, while dynamic contrast enhanced imaging is used to assess
neovascularity and tissue structure of the prostate. Since 5-ARIs impact prostatic tissues, the
use of 5-ARI agents is expected to affect the interpretation of imaging studies in 5-ARI
treated patients. In order to accurately stage and assess disease progression in 5-ARI treated
patients, the effects of these agents on imaging studies in both benign and malignant
prostatic tissues need to be investigated. The purpose of this study was to determine whether
5-ARIs affect discrimination between low-grade prostate cancer and benign tissues on
multiparametric MR imaging.
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2. Materials and Methods

2.1. Patients

This study was approved by the Committee on Human Research at this institution and was
compliant with the Health Insurance Portability and Accountability Act. Written, informed
consent was obtained from all subjects. Twenty patients with biopsy-proven Gleason Score
3+3 (GS3+3) prostate cancer were studied. Ten patients were taking 5-ARIs for at least a
year at the time of the study. The ten 5-ARI treated patients were selected from 17 men who
were scanned at our institution within the last 2 years, had complete mpMRI studies, were
injected with gadopentetate dimeglumine (Gd-DTPA) contrast agent during DCE studies,
had GS3+3 disease on biopsy and were taking either Dutasteride or Finasteride for at least a
year. Out of these 17 patients, 1 patient was excluded due to a prior cryosurgery and another
patient was excluded due to a prior androgen deprivation hormonal therapy. Out of the
remaining 15 men, 10 men had mpMRI visible cancers within the peripheral zone of the
prostate as per their radiology report and were included in the study. Four out of ten men in
the 5-ARI treated group were taking Dutasteride (0.5mg taken daily), while the remaining
six were being treated with Finasteride (5mg taken daily). Ten untreated individuals with
GS3+3 biopsy-proven peripheral zone cancers, scanned within the same 2-year period as the
treated group, with complete mpMRI studies, Gd-DPTA injections during DCE, and with
prostate volumes matched to the individuals in the 5-ARI treated group, were identified in
the database and included in the study to serve as controls. Prostate volumes were matched
to allow for similar central gland/peripheral zone ratios to facilitate comparable cancer
detection. Cancer detection can be more challenging in patients with a significantly
compressed peripheral zone due to an enlarged central grand. Prostate volumes were
matched within 5cc as estimated on the MRI, except for the largest and the smallest
prostates that were matched within 8.3cc and 5.5cc respectively. Despite the prostate volume
matching, there are likely differences in the peripheral zone and the central gland volumes
between the two groups.

Age, PSA values, the number of previous biopsy procedures, the number of biopsy cores
obtained during the most recent biopsy procedure, and the number of days between the most
recent biopsy and the MR exam, prostate volume, and benign and cancerous regions of
interest (ROI) areas were compared between the two groups. The reported PSA values were
obtained within a six-month window of the MRI scan.

2.2. MR Imaging

All patients were imaged with an expandable balloon endorectal coil (Medrad, Bayer
HealthCare LLC, Whippany, NJ, USA) and a GE phased array on a 3T MR scanner (GE
Healthcare, Waukesha, WI, USA). The balloon coil was inflated with a perfluorocarbon
fluid (Galden, Solvay Plastics, West Deptford, NJ, USA). T1-weighted images were
examined as part of the clinical radiology review to ensure the biopsy hemorrhage was not
corrupting the interpretation of the imaging study. T2-weighted images, diffusion-weighted
images (DWI1), and dynamic contrast-enhanced (DCE) MRI were acquired. The DCE MRI
was performed using a single-dose of Gd-DPTA (Magnevist; Bayer HealthCare LLC,
Whippany, NJ, USA) over ~5 minutes. Diffusion weighted imaging (DWI) was acquired
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using a 2D single-shot spin echo sequence with pixel bandwidth = 1952 (conventional
acquisition, n=4: 2 (untreated) and 2 (5-ARI treated)), or pixel bandwidth = 1305 (reduced-
field-of-view acquisition?, n=16: 8 (untreated) and 8 (5-ARI treated)), with b=0 and 600
s/mm2, as well as b=0 and b=1350 s/mm? over 6 non-coplanar, non-colinear directions. The
acquisition parameters are outlined in Table 1. T2-weighted and diffusion-weighted images
were corrected for the reception profile of the endorectal and the pelvic phased-array coils
using Prostate Analytical Coil Correction (PACC) software available on the GE scanners.
This correction technique as described in the literature?1:22 has been adopted by GE. High
quality of the intensity correction was visually confirmed. Apparent diffusion coefficient
(ADC) maps were generated for DW b=0, 600 s/mm? images. In-house software was used to
create the ADC maps. The maps were computed from the combined DWI (b=600 s/mm?)
and T2-weighted reference images (b=0 s/mm?) using Equation 1, where b is the b-value
used for the diffusion-weighted acquisition, Sgn, is the geometric mean of the signal
intensities acquired over the six gradient directions, and Sy is the signal intensity of the T2-
weighted image acquired without applying diffusion gradients.

ADC= — 11 (SJ—>
b S0 [1]

For b=0, 1350 s/mm? acquisition, diffusion-weighted images were corrected for the
reception profile of the endorectal coil and a mean of the 6 directions was computed to
create a high-b value DW image. For completeness, high-b ADC maps were computed for
DWI b=0, 1350 s/mm? images using Equation 1 and following the same procedure outlined
above.

DCE maps were created based on the semi-quantitative tissue enhancement parameters of
maximal enhancement slope, peak enhancement, and washout rate?3. Additionally,
pharmacokinetic modeling was performed using the mean signal intensity measurements
within individual ROIs. Quantitative DCE parameters of the fractional extravascular,
extracellular volume (Vggs), the transfer constant (Ka"S), and the rate constant (Kep) were
computed. A widely used two-compartmental extended Tofts-Kermode model was applied
since prostate tissue has relatively low permeability and this model is permeability, surface
area-limited rather than flow-limited?4. The concentration of Gd-DTPA in the blood plasma
was modeled as a biexponential (Equation 2)2°

Cp=AmpD(a; e Mt L ae Y [2]

where Amp=5.2, D = 0.1mmol/Kg of Gd-DTPA, a; = 3.99 kg/L, m; = 0.144 1/min, a =
4.78 kg/L, my = 0.011 1/min. A blood plasma fractional volume of 0.01 was used. The Amp
was introduced to account for interpatient differences and was determined by minimizing the
root-mean-square error (RMSE) of the fits.
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For each subject, a single cancer ROI and a single benign ROI were drawn freeform within
the peripheral zone of each prostate on T2-weighted images, following areas of mpMRI
concordance. Lesion placement was based upon agreement of biopsy and imaging findings.
Benign ROIs were drawn contralateral to each cancerous region with care taken to avoid
areas with positive biopsy findings. Additionally, locations for biopsy cores containing
HGPIN or prostatitis were noted and avoided when placing benign regions of interest. All
ROIs were drawn in the PZ. The ROIs were drawn without knowledge of the patients'
treatment status. T2-weighted image intensity, ADC, high-b value DWI intensity, high-b
ADC, maximal enhancement slope, peak enhancement, washout slope, vegs, K", and K
values were computed for each region of interest.

T2-weighted images and high-b value diffusion-weighted images are not measured on an
absolute scale. For these measures, changes in gain may contribute additional variability
across subjects. To account for this, contrast values between the cancerous and benign
tissues were calculated based on Equation 3.

MR

Tumor 1\/Illl'lealthy

MR 3]

Healthy

Contrast=

Where “MR” represents the MR measure of interest, i.e. T2-weighted or high-b value DWI
intensity.

2.3. Statistical Methods

Statistical analyses were carried out using JMP software (JMP, Version 12, SAS Institute
Inc., Cary, NC). Measures are reported as mean * standard deviation, with median (first
quartile, third quartile), as well as minimum and maximum values also reported. Two-tailed,
heteroscedastic Student's t-tests were used to compare age, PSA, prostate volume, as well as
the sizes of benign and cancerous ROIs between the two groups, with p<0.05 considered
statistically significant. The number of biopsy procedures, the number of biopsy cores
obtained during the most recent biopsy, and the number of days since the most recent biopsy
procedure were compared between the two groups using Mann-Whitney rank-sum test. Two-
tailed, heteroscedastic Student's t-tests with a significance level of 0.05 were also used to
compare MR measures in the untreated and the 5-ARI treated groups. Ordinal logistic
regression analysis was performed for all imaging modalities to evaluate the area under the
ROC (receiver operating characteristic) curve (AUC) in benign and cancerous regions for the
untreated and the 5-ARI treated groups. A forward stepwise logistic regression with a
threshold p-value of 0.1 was used to identify the imaging parameters for inclusion in the
combined model. Finally, the coefficient of variation (COV) was evaluated for all imaging
modalities for benign and cancerous regions in both the untreated and the 5-ARI treated
groups.
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Patient characteristics for the untreated and the 5-ARI treated patients are summarized in
Table 2. No significant differences were noted between the two groups. The untreated and
the 5-ARI treated groups were similar in age (p=0.1), PSA (p=0.77), the number of previous
biopsy procedures (p=0.81), the number of biopsy cores obtained during the most recent
biopsy (p=0.85) and prostate volumes (p=0.90). Additionally, none of the subjects included
in the analysis were noted to have post biopsy hemorrhage evident on imaging. The number
of days between the most recent biopsy procedure and the MR exam was fewer in the
untreated group than the 5-ARI treated group (Table 2); however, the difference between the
two groups was not statistically significant p=0.27.

No statistically significant differences were noted between the sizes of the benign ROI areas
for the untreated and the 5-ARI treated groups (p=0.24). Additionally, no statistically
significant differences were noted between the sizes of the malignant ROI areas for the
untreated and the 5-ARI treated groups (p=0.58). The two groups also had similar incidence
of biopsy detected HGPIN and prostatitis. One patient in each group had a single HGPIN
core discovered on biopsy. Additionally one patient in each group had biopsy- diagnosed
prostatitis.

No significant differences between the untreated and the 5-ARI treated groups were noted
for benign or cancerous regions on T2-weighted imaging, ADC, high-b value DWI intensity,
high-b ADC, maximal enhancement slope, peak enhancement, washout slope, or Vegs. No
significant differences were noted for cancerous tissues between the untreated and the 5-ARI
treated groups on Ka"s and Kep measures. However, significant differences were noted
between benign untreated and benign treated tissues on Ka"s (p<0.02) and Kep (p<0.03).
For benign tissues Ka"S values were 0.42+0.234 min and 0.20+0.09 min1, while Kep
values were 1.86+1.25 min-t and 0.70+0.41 min™! for the untreated and the 5-ARI treated
groups respectively.

Example images for a patient with a low-grade biopsy-proven (GS3+3) prostate cancer with
a PSA of 4.6 ng/ml are shown in the top row of Figure 1. The patient was not taking any
medication for BPH or lower urinary tract symptoms. The bottom row in Figure 1 depicts
example images for another patient with a biopsy-proven (GS3+3) prostate cancer with a
PSA of 0.42 ng/ml who had been taking Dutasteride for the prior year. Based on visual
assessment, Figure 1 demonstrates a better discrimination of benign and malignant tissues
on the high-b value intensity images and the washout images in the treated case when
compared to the untreated example.

Figure 2 depicts box-plots for the MR measures and calculated maps in benign and
cancerous tissues as observed for the untreated men and the individuals treated with 5-ARISs.
For ADC, high-b value DWI intensity, high-b ADC, peak enhancement, maximal
enhancement slope, washout slope, K", and K, a better separation of benign and
cancerous tissues was observed for individuals treated with 5-ARlIs than for those untreated.

Table 3 lists ROC AUC values obtained when stepwise logistic regression was performed for
all the imaging modalities for untreated and 5-ARI treated subjects in benign and cancerous
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regions. The ROC AUC values for distinguishing benign tissues from cancer were
consistently higher in the treated group with the exception of T2-weighted images (AUC of
0.82 for the untreated and 0.79 for the 5-ARI treated group) and both sets of ADC images
(untreated and 5-ARI treated groups both had an AUC of 1).

In order to account for the arbitrary intensity scales associated with T2w and high-b DWI,
tumor contrast was evaluated. For the T2w, tumor contrast was computed to be 0.40+0.13
and 0.30£0.20 for the untreated and the 5-ARI treated groups, respectively, p=0.19. For
high-b DWI intensity measures, contrast values were 0.61+0.43 and 0.99+0.52 for the
untreated and the 5-ARI treated groups respectively, p=0.086.

The absolute coefficients of variation for the measures within the benign tissues and within
the cancer are listed in Table 4. COV values were lower in both the benign tissues and the
cancer for the treated group compared to the untreated group for high-b value DW images,
high-b ADC, peak enhancement, washout slope, Vegs, Kep, and maximal enhancement slope
(cancer only), ADC and K (benign only).

4. Discussion

Dutasteride and Finasteride are two commonly used drugs prescribed for treatment of
prostate enlargement. Both agents act as inhibitors to the 5a.-reductase enzyme, forming
strong irreversible ternary complexes with the 5a-reductase-NADPH complex26. In a 2011,
multicenter, randomized, double-blind, 12 month-long study of 1630 men, Nickel et a/.
reported that both Dutasteride and Finasteride were effective at reducing prostate volume
with no significant difference between the two treatments during the study and with a similar
number of adverse events 27,

This study investigated whether 5-ARIs affect discrimination between low-grade prostate
cancer and benign tissues on mpMRI. It was observed that high-b value DWI intensity,
maximal enhancement slope, peak enhancement, washout slope, K", and Kg, acquired as
part of a routine prostate mpMRI scan show reduced variability within both low-grade
(GS3+3) cancerous tissues and within benign tissues in the treated group. Additionally, a
better separation between cancerous and benign regions was noted for the prostate tissues
exposed to 5-ARI as compared to the untreated prostate tissues. These results are consistent
with the findings of an earlier study that monitored the effects of Dutasteride on untreated
prostate cancer using MRI and magnetic resonance spectroscopic imaging (MRSI)28. The
authors reported that in tumors the levels of the metabolite choline, the presence of which
signals malignancy, remained unchanged with 5-ARI treatments. However, in benign
prostatic tissues, 5-ARI treatments resulted in decreased levels of the prostatic secretory
metabolites citrate and polyamines, low levels of which are consistent with 5-ARIs primarily
inhibiting metabolism of healthy prostatic glandular tissues and eventually inducing atrophy
of these tissues?8. The reduction of the dominant normal prostatic metabolite MR
resonances increases the visibility of the cancerous metabolite signals, elevated choline to
citrate ratio, and therefore the detection of small amounts of cancer?8. By blocking the AR
pathway, 5-ARIs block DHT driven proliferation and vascularization of prostatic tissues,
inducing apoptosis and resulting in increased amounts of tissue atrophy. When exposed to 5-

NMR Biomed. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Starobinets et al.

Page 8

ARI therapy, androgen sensitive glandular normal and BPH tissues quickly atrophy, while
less androgen sensitive cancers will atrophy more slowly2°. Based upon this biology and our
results, we suggest that 5-ARI therapy results in decreased contribution of glandular tissues
to all MR measurements and allows cancerous tissues to become readily apparent against a
more uniform background of atrophic tissues.

Untreated benign and 5-ARI treated benign prostatic tissues have different appearances on
histopathological examination. Histologically, atrophy is characterized by a reduction in the
volume of existing glands and the loss of luminal secretary epithelial cells30. Large pools of
lumen are observed for healthy untreated prostatic tissues, while significantly diminished
luminal spaces and increased surfaces of stromal tissues are typically seen in the treated
individuals. Additionally, the shrinking and loss of the basal and the secretory epithelial cells
associated with atrophy is often noted in the treated prostatic tissues.

Figure 3 shows an example of T2-weighted images for benign tissues for two untreated and
one 5-ARI treated patients. Figure 3A demonstrates the appearance of healthy glandular
tissues in an untreated patient; detecting cancerous lesions against such a uniform and bright
background is straightforward. Unfortunately, very few prostates have such an
uncomplicated, glandular appearance. Figure 3B demonstrates the challenges associated
with detecting cancers within mixed tissues, characteristic of the majority of prostates.
Against a background of such heterogeneous tissues — some glandular and bright, some
stromal and dark, some atrophic, some inflamed, and some malignant - it is much more
challenging to confidently identify cancerous regions in this untreated patient. Figure 3C
shows why atrophic processes associated with 5-ARI treatments may enhance the diagnostic
utility of mpMRI. While the 5-ARI treated prostatic tissues of the peripheral zone appear
darker than those observed in healthy, untreated tissues (Figure 3A), the diffuse nature of the
hormone-induced atrophy allows for a more uniform background than the mix of tissues
often seen in untreated prostates (Figure 3B). The uniformity of the benign prostatic tissues
provides a better background against which a malignant lesion can be detected. This may
explain why we observe a better separation between benign and malignant tissues and a
lower variability in the measures for 5-ARI treated group when compared to untreated
controls.

Within the scope of anti-androgen therapies, very few studies review the effects of 5-ARI
agents on imaging?8. For instance, Dutasteride treatment was shown to increase the rate of
cancer detection in ultrasound studies31-33, However, in the realm of MR imaging, most of
the published literature involving 5-ARI agents focuses on the changes in prostate volumes
due to androgen deprivation3435. There are, however, studies covering the effects of
hormone ablation on both anatomical and functional prostate MR imaging36-41. There is a
consensus that glandular atrophy and tissue shrinkage makes prostate cancer detection more
challenging on T2-weighted images®®-42. This is a similar observation to what is seen for
T2-weighted images in the 5-ARI treated cases of the current study. For functional imaging,
preliminary studies have shown cancerous lesions becoming less apparent on DWI and DCE
post-hormonal ablation, which is different than the results of the current study36:39, This
discrepancy is likely due to the differences in the evaluated populations. Hormonal ablation
is typically used to treat aggressive prostate cancer rather than GS3+3 disease (pooling the
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patients from the two ablation studies - only 4/69 men had GS3+3 prostate cancers36:39),
which is vastly different from our exclusively low-risk GS3+3 cohort. Pretreatment
discrimination of cancer and benign tissues is easier in patients with aggressive prostate
cancer as opposed to those with low-risk disease. Thus, inhomogeneity of prostatic tissues
plays a small role in identifying aggressive, clear-cut cancers, but is a significant hurdle in
diagnosing diffuse or low-grade lesions. For low-risk cancers, as our data suggests, post-
treatment cancer detection might be advantaged by the atrophy of benign tissues, especially
when considering the challenges of low-risk cancer detection pre-treatment. On the other
hand, atrophy of benign glandular tissues post-treatment might make it more challenging to
detect aggressive cancers when compared to the ease of detection pre-treatment as suggested
by the prior studies of hormone ablation in aggressive cancer36-39,

In the current study, while it was noted that the contrast on T2-weighted images between
cancerous and benign tissues was lower in the 5-ARI treated than the untreated group, our
findings for the functional imaging measures provide reassurance. First, contrast on the
high-b value DW images between cancerous and malignant tissues was higher in the 5-ARI
treated than the untreated group. Second, the separation between imaging values for
cancerous and benign regions was greater on ADC, high-b value DW, maximal enhancement
slope, peak enhancement, washout slope, Ka"s and Kep images, with an overall reduced
variability in the MR measures for individuals in the 5-ARI group. Third, K¢, and K"ans
values obtained for benign regions were significantly lower for the 5-ARI treated than the
untreated groups. Higher Kep and Krans vialues typically signal higher perfusion and are
often indicative of malignancy. Since there were no significant differences between Kg,, and
Ktrans yalues for the cancerous 5-ARI treated and untreated groups, the larger separation
between cancerous and benign tissues in the treated group may potentially lead to an easier
detection of cancerous regions in that cohort.

For patients on active surveillance with emphasis placed on detecting and treating more
aggressive disease, why do we care about detecting GS3+3 lesions? Several studies reported
that patients with visible lesions on mpMRI have an increased overall risk of cancer
progression3:44: therefore, identifying these lesions is of clinical importance. If
pretreatment with 5-ARI agents makes lesions more conspicuous on imaging, it may aid in
identifying patients at a higher risk of cancer progression, prompting a closer observation of
these patients while on active surveillance. Additionally, while our study looked at GS3+3
disease in 5-ARI treated and untreated men, we expect our findings to be applicable in
detection of higher-grade cancer (i.e. GS3+4 or GS4+3 disease), the detection of which is of
clinical significance. In this study, we limited the inclusion criteria to GS3+3 lesions in order
to avoid introducing variability associated with Gleason 4 disease, especially when detected
on biopsy; however, we expect the underlying principle of elucidating cancer against a more
homogeneous atrophic background to be applicable for higher grade cancers. This
observation that pretreatment with 5-ARI agents improves PCa detection on mpMRI is very
similar to the reported effects of 5-ARI agents on the sensitivity of PSA in detecting prostate
cancer in 5-ARI treated individuals. In a large study of 18,882 men, Thompson et a/ reported
that PSA had a better sensitivity for detecting all grades of prostate cancer in the group
treated with Finasteride when compared to a placebo cohort?®. This further supports the idea
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that reducing the impact of potential confounders such as benign pathologies improves
cancer detection in the prostate.

Another potentially important consequence of our findings pertains to interpretation of
mpMR imaging studies acquired in 5-ARI treated patients when using Prostate Imaging —
Reporting and Data System (PI-RADS) criteria. For peripheral zone lesions, PI-RADS
places a particular importance on conspicuity of prostatic lesions on diffusion-weighted
imaging®®. Our results suggest that 5-ARI treated patients will have prostate cancers that are
more conspicuous on functional imaging than lesions of similar grade in the untreated
group. This can potentially lead to a misdiagnosis of higher-grade cancer in men with
GS3+3 disease, affecting the disease management for those patients. Knowledge of a
patient's 5-ARI status prior to interpretation of his imaging study might be an important
caveat when applying PI-RADS criteria.

Our study had several limitations. First, with only 10 patients per group our study has a
small sample size. Second, biopsy-based Gleason grading of cancerous regions was used,
which could be inaccurate due to biopsy sampling errors3#. Third, only men with visible
lesions on mpMRI were included in our study, which introduces a selection bias to our
sample. However, this selection bias adds clinical significance to our findings. Men with
lesions visible on mpMRI have been shown to have an increased risk of cancer progression;
therefore, detecting these lesions in 5-ARI treated individuals is important for disease
management in this population. Fourth, benign regions were drawn based on imaging
(contralateral to cancer); they could potentially include inflammation or even cancer
undetected on biopsy. Fifth, T2w measures were reported for completeness; however, these
measures are inherently biased since the ROIs were drawn on T2w images, with the size of
the lesion providing further bias. Additionally, while untreated patients were matched to the
treated individuals and were not significantly different in the demographic, clinical, and
biopsy metrics tested, there could be unaccounted for differences between the two subject
groups. For purposes of completeness we are reporting both semi-quantitative parameters, as
well as measures derived using quantitative pharmacokinetic modeling. It is important to
remember that these measures are not independent but may be attributed to similar
biological mechanisms. Similarly, there is a redundancy to ADC (b=600 s/mm?) and high-b
ADC (b=1350 s/mm?2) maps, with the two sets of data representing the same biological
processes but at slightly different levels of tissue organization. Finally, patients were treated
with either Finasteride (type | 5-ARI) or Dutasteride (type I and Il 5-ARI). Differences
between the two agents may introduce variability to the data. However, despite these
limitations, for the majority of the imaging modalities, we were still able to see reduced
coefficients of variation and better discrimination between cancerous and benign tissues in
the treated patients as compared to the untreated patients.

5. Conclusion

This study presented data from 5-ARI treated and untreated men receiving 3T
multiparametric MRI scans. A better separation between low-grade cancerous and benign
regions was observed for prostatic tissues exposed to 5-ARlIs for the majority of the MR
measures of interest and overall with an mpMRI approach. Furthermore, a reduction in the
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coefficient of variation was noted for most of the MR measures in the treated cohort (for
both cancerous and benign regions) when compared to the untreated group. The findings in
our study suggest that pretreatment with 5-ARI may facilitate a better discrimination of low-
grade prostate cancer from benign tissues with mpMRI. Furthermore, this study suggests
that interpretation of mpMRI in treated patients may need to be refined, as both more high-
risk lesions may be identified and as low-risk lesions may be misdiagnosed as more
aggressive. These findings are of clinical importance and require further exploration in a
larger cohort.
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Figure 1.
Example prostate MR images from a 67-year-old (G3+3, PSA=4.6 ng/ml) untreated male

(top panel: A-D) and from a 57-year-old man (G3+3, PSA=0.42 ng/ml) treated with 5a.-
reductase inhibitors (bottom panel: E-H). T2w intensity images (A, E), ADC (B, F), high-b
value DWI intensity (C, G), and washout slope (D, H) images are shown. The arrows
designate cancerous lesions.
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Box-plots comparing A) T2w intensity, B) ADC (b=600 s/mm2), C) high-b value DWI
intensity, D) high-b ADC (b=1350 s/mm?), E) peak enhancement, F) maximal enhancement
slope, G) washout slope, H) veggs, 1) K1, and J) K¢, values in cancerous and benign
prostatic tissues for untreated individuals and those treated with 5a-reductase inhibitors.
Horizontal lines within the box plots represent the median values. Whiskers are drawn to the
furthest points within 1.5x interquartile range, where interquartile range is the difference
between the 15t and the 3™ quartiles.
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Figure 3.
T2-weighted images of benign prostatic tissues for A) untreated patient with homogeneous

tissue (age = 64.1 years, PSA= 2.14 ng/ml, Gleason 3+3), B) untreated patient with
heterogeneous tissue (71.4 years, 5 ng/ml, G3+3), C) 5-ARI treated patient with
homogeneous tissue (50.4 years, 4.44 ng/ml, G3+3).
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ROC-AUC for cancerous versus benign tissues in untreated and 5-ARI treated patients. The higher AUC

values are listed in BOLD.

Table 3

Imaging Untreated ROC-AUC  Treated ROC-AUC
T2-weighted 0.82 0.79
ADC (b=600 s/mm?) 1 1
High-b ADC (b=1350 s/mm?) 1 1
High-b DWI 0.71 0.94
Maximal Enhancement Slope 0.95 1
Washout Slope 0.78 0.99
Peak Enhancement 0.84 0.93
Ktrans 0.9 1
Kep 08 0.98
VEES 0.51 0.57
Combined 0.86 0.99

Page 27

The combined model used T2-weighted, ADC, maximal enhancement slope, washout slope, peak enhancement, Ktrans' and Kep for the untreated

group and ADC, high-b DWI, maximal enhancement slope, washout slope, peak enhancement, Kirans ang Kep for the treated group.
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Table 4

Page 28

Absolute coefficient of variation of the measures within cancer and benign tissues for the treated and untreated
groups. The lower COV values are listed in BOLD.

Imaging Benign Cancer
Untreated Treated Untreated Treated

T2-weighted 0.34 0.389 0.233 0.303
ADC (b=600 s/mm?) 0.107 0.095 0.153 0.174
High-b ADC (b=1350 s/mm?) 0.13 0.103 0.16 0.13
High-b DWI 0.567 0.361 0.367 0.264
Maximal Enhancement Slope 0.185 0.204 0.24 0.153
Washout Slope 2.556 0.572 0.968 0.611
Peak Enhancement 0.082 0.064 0.113 0.052
Ktrans 0.556 0.451 0.749 0.83
Kep 0.674 0.52 1.05 0.965
VEES 0.353 0.289 0.394 0.212
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