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Abstract

Purpose: Prostate specific antigen levels can be normalized by the prostate volume to give a prostate specific
antigen density (PSAd). Magnetic resonance imaging (MRI) can more accurately determine prostate zonal
anatomy and prostate volumes compared to transrectal ultrasound, and hence may lead to more accurate
PSAd measurements. Methods: Imaging and pathology of men undergoing prostate MRI from April 2007 to
May 2009 were reviewed in this retrospective study. 73 patients were included for analysis, of which 45 had
prostate cancer and 28 did not have cancer. Total, transitional zone, and peripheral zone values were deter-
mined by ultrasound prolate ellipse, MRI prolate ellipse, and MRI segmentation methods. Results: The study
population showed an average PSA of 6.3 ng/mL, with the control mean PSA (8.8 ng/mL) being greater than
the cancer group (5.3 ng/mL). Transrectal ultrasound underestimated the prostate volume (mean 27.7 mL
versus MRI volume of 38.3 mL, p <0.001). No difference was seen between cancer and control populations
using PSAd. PSAd correctly categorized low (Gleason < 7) and high-grade cancers (Gleason > 7) in patients
with malignancy. Conclusion: Transrectal ultrasound underestimates prostate volumes and hence is inaccu-
rate in calculating PSAd. MRI more accurately depicts PSAd, however PSAd is unable to differentiate be-

tween patients with cancer and benign disease such as BPH or prostatitis.
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1. Introduction

Prostate specific antigen (PSA) is a commonly used tu-
mor marker in screening patients for prostate cancer risk
[1,2]. A typical cut off value of 4.0 ng/mL indicates an
abnormal result [1]. However, the test is not specific as
other pathologies including inflammation and benign
prostatic hyperplasia (BPH) can increase PSA [1]. Cur-
rent PSA recommendations lead to significant over-
treatment and associated morbidity from unnecessary
biopsies, as well as psychological stress in the patient.
For these reasons, many have advocated normalizing the
PSA by the volume of the prostate gland, yielding a PSA
density (PSAd) [3-5].

The use of PSAd for cancer diagnosis is controversial
with studies both confirming and refuting the use of
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PSAd [6-10]. In an effort to further improve the specific-
ity, PSAd can be based on the transitional zone of the
prostate, the region of the prostate most affected by BPH
changes, however, these result remain controversial [6-8,
11]. A possible explanation for the lack of added speci-
ficity of PSAd may be that the volume of the prostate is
typically determined by transrectal ultrasound, which is
inaccurate in determining prostate volume [12,13]. Pros-
tate MRI can accurately depict prostate zonal anatomy.
MRI has been shown to be useful in differentiating
high-grade and low-grade cancer, but groups have not
shown their results for sensitivity for detecting cancer
[14-17]. We undertook the study to determine the accu-
racy of PSAd, calculated using MRI and transrectal ul-
trasound, in characterizing benign from malignant dis-
ease in a population with persistently elevated PSA.
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2. Methods

Investigational Review Board (IRB) consent was ob-
tained and Health Insurance Portability and Accountabil-
ity Act (HIPAA) and confidentiality practices were fol-
lowed.

Patients were referred for prostate MRI for staging,
cancer follow-up, or being high risk for prostate cancer
(based on elevated PSA or palpable nodule). Patients
were excluded from analysis if they had any prostate
volume altering therapies, including 5-alpha inhibitor
treatment, brachytherapy or cryoablation. Patients were
also excluded if pathologic biopsy or prostatectomy re-
sults could not be obtained.

All patients underwent a prostate MRI on a 3.0 Tesla
platform (Achieva, Philips Healthcare, Best, Netherlands)
using combined cardiac phase array coil (Philips Health-
care, Best, Netherlands), and endorectal coil (BPX-30,
Medrad, Pittsburgh, PA). High resolution T2W protocol
was performed by a fast spin-echo sequence covering the
prostate and seminal vesicles. The scan parameters were:
TR/TE (3000 - 4000)/110 ms, echo train length = 20,
slice thickness = 3 mm, interslice gap = 0 mm, field of
view = 14 x 14 cm? matrix 500 x 550, fold-over direc-
tion left to right, 3 excitations, and in-plane resolution of
0.3 x 0.3 mm’ High-resolution T2W sequences were
used for volume measurement as they depict the prostate
in the greatest detail.

Axial and sagittal images were analyzed to determine
the prostate volume by prolate ellipse and segmentation
methods (Figure 1). The anterior-posterior, cranial-
caudal, and transverse dimensions were taken of the total
prostate and transitional zone at the widest portion of the
prostate. The prostate volume was then determined using
Equation (1). The volume of an object may also be ap-
proached by taking thin segments though the object and

adding the areas of each segment, also known as seg-
mentation. Segmentation was performed by drawing a
region of interest around the total prostate and transi-
tional zone on each axial image slice. The sum of the
areas was then multiplied by the slice thickness (3 mm)
and the segmented volumes were summed to determine
the total prostate volume.

Prostate Volume = AP x CC x Trans x 0.52 (1)

Patient records were reviewed to determine pathology
from pre- and post- MRI biopsies and prostatectomy.
Prostate volumes based on digital rectal exam and trans-
rectal ultrasound was also recorded when available and
recorded. Data was only available on 52 out of the 92
men. The maximum time from ultrasound to MRI meas-
urement was 6 months. Three urologists (26 years, 13
years, and 6 years experience) at our institution per-
formed all biopsies and ultrasound volume calculations
using a standard prolate ellipse methodology. Transrectal
ultrasound measurements were performed using the
Hawk 2102 XDI Ultrasound Scanner (B-K Medical,
Herlev, Denmark). A single radiologist (4 years experi-
ence) performed all MRI calculations. The most recent
PSA prior to the prostate MRI was used for PSAd calcu-
lations. The PSA density was determined by dividing the
PSA by the ultrasound volume, prolate ellipse MRI vo-
lume, and segmentation MRI volume. Peripheral zone
volume was determined by subtracting the transitional
zone volume from the total prostate volume.

Statistical Methods

Seven different PSA densities were calculated by di-
viding the PSA by various prostate volumes (total pros-
tate volume, transitional zone volume, or peripheral zone
volume) using different methods (ultrasound, prolate
ellipse or segmentation). Areas underneath the receiver-

Figure 1. Prostate volume calculation. Image (a) and (b) show the measurements for the prolate ellipse method. The black
line demarcates the total prostate. The white line shows the central gland. Image (c) shows the segmentation curves placed
around the prostate margins. The volume is calculated by adding each slice area.
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operating characteristic (ROC) curve (AUCs) were cal-
culated for PSA and various PSAds using the Wilcoxon
statistic, and nonparametric U-statistic method was used
performing the differences between AUCs [18] with ap-
propriate Bonferroni adjustment. Comparison was con-
ducted between the patients with aggressive cancer and
the patients with no cancer or low-grade cancer using a
Mann-Whitney U test.

All statistical tests were performed at a significance
level of 0.05 (two sided) and conducted using SAS (Ver-
sion 9.2, Cary, NC: SAS Institute Inc.).

3. Results

Patient demographics are summarized in Table 1. A total
of 92 patients underwent prostate MRI from April 2007
to May 2009. 73 patients were included for analysis us-
ing our inclusion criteria. 16 patients underwent prosta-
tectomy with 57 men only having pathology based on
TRUS biopsy. 45 patients had pathologic evidence of
prostate cancer. The average PSA was 8.3 ng/mL + 8.3
(mean =+ standard deviation) (range 0.3 - 54.3). The mean
Gleason score was 6.67 £ 0.83. The average number of
prior biopsies was 2.26 £ 1.06 (range 1 - 6) and the av-

erage number of prior biopsy cores per patient was 24.7
+ 12.1 (range 6 - 77). Median PSA was significantly
higher in the non-cancer group compared to the cancer
group (8.8 ng/mL vs. 5.3 ng/mL, p = 0.03). Median tran-
sitional zone volume was also higher in the non-cancer
group but was not statistically significant (p = 0.09 by
prolate ellipse method; p = 0.06 by segmentation me-
thod). There was no significant difference between the
cancer and non-cancer groups in terms of age, race or
other types of prostate volumes.

3.1. Volume Measurements

Transrectal ultrasound data was available on 52 patients.
The comparison of total prostate volume measured using
transrectal ultrasound and MRI (prolate ellipse or seg-
mentation) are summarized in Table 2. Mean ultrasound
volumes were significantly smaller than MRI volumes,
except for the subset of non-cancer patients with ultra-
sound volumes greater than 30 mL*. The comparison of
MRI prolate ellipse and segmentation methods are sum-
marized in Table 2 as well. The prolate ellipse method
significantly under-estimates the transitional zone vol-
ume and total prostate volume (transitional zone volume:

Table 1. Patient characteristics.

Characteristic Cancer (n = 45) Non-cancer (n=28)  All Subjects (n=73) P-value
Age (year) Mean (SD) 69.4 (10) 69.3 (8.3) 69.3 (9.3) 0.96'
Race White 35(77.8) 25(89.3) 60 (82.2) 0.48
N (%) Black 8 (17.8) 2(7.1) 10 (13.7)
Hispanic 2(4.4) 1(3.6) 34.1)
PSA (ng/mL) Median (Q1, Q3) 53(2.7,8.1) 8.8(5.2,11.2) 6.3 (3.6,9.8) 0.03'
<2 3(6.7) 2(7.1) 5(6.8) 0.1
N (%) 2-4 13 (28.9) 2(7.1) 15 (20.5)
4-10 21 (46.7) 15 (53.6) 36 (49.3)
>10 8 (17.8) 9 (32.1) 17 (23.3)
Prostate Volumes (mL?) Total Vol 27.7 (22.2, 40.8) 26.4 (24.1, 59.5) 27.1 (22.4,42.5) 0.37"
Transitional Volg 16.6 (11.3,29.6) 24.4(15.9, 39) 20.2(11.8,35.2) 0.09'
Peripheral Volg 16.7 (12.9, 20.2) 16.7 (13,23.4) 16.7 (12.9, 23) 0.75'
Median (Q1, Q3) Total Volg 35.3(25.7,49.7) 42 (31.5, 65) 37.5 (26, 57.1) 0.12'
Transitional Volg 18.5(13.5,31.3) 24.4(17.2,46.4) 20.1 (14.5, 40.5) 0.06'
Peripheral Vols 17 (15.2, 20.7) 18.7 (14.1, 23.6) 17.1(14.9,22.5) 0.5'
Total Vols 38.3 (28.1,47.4) 443 (32.9,71.4) 39.8 (30.3, 60.2) 0.12'
Gleason grade <7 24 (53.3) NA
N (%) >7 21 (46.7)
Copyright © 2011 SciRes. oJu
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Table 2. Comparison of total prostate volume measured by different approaches and comparison of transitional zone volume,
peripheral zone volume and total prostate volume measured by prolate ellipse method vs. segmentation method.

All subjects

Statistics Ultrasound Prolate ellipse Segmentation P-value
ALL N 52 73 73
Median 27.05 37.5 39.8 <0.001
(Q1,Q3) (22.4,42.5) (26, 57.1) (30.3, 60.2)
Voly <30 N 30 30 30
Median 23.15 26.2 29.85 <0.001
(Q1,Q3) (20.5, 25.6) (23.6,33.2) (26.7,35.1)
Voly >30 N 22 22 22
Median 44.05 57 57.5 0.02
(Q1,Q3) (39.7, 60.4) (43.8,81.9) (45.5,83.9)
All subjects (N = 73)
Statistics Prolate ellipse Segmentation P-value
Transitional Median 20.2 20.1 0.002
(Q1, Q3) (11.8,35.2) (14.5, 40.5)
Peripheral Median 16.7 17.1 0.18
(Q1,Q3) (12.9, 23) (14.9,22.5)
Total Median 375 39.8 <0.001

p = 0.002 for all subjects; total prostate volume: p < 0.001
for all subjects). Prolate ellipse and segmentation meth-
ods were similar for peripheral zone volume calculations
p = 0.18 for all subjects.

3.2. PSA Density

The average PSA in this population was lower in the
cancer group than in the benign prostatic hypertrophy
group (p = 0.03). The descriptive and diagnostic statistics
of PSA and PSA density based on transitional zone
volume, total prostate volume, and peripheral zone vol-
umes using MRI prolate ellipse or segmentation methods
or ultrasound are summarized in Table 3. Only the pe-
ripheral zone PSAd was significantly different between
the BPH and cancer groups, based prolate ellipse or
segmentation calculations (p = 0.03 for both calcula-
tions). The medians of the rest of the biomarkers are not
significantly different between cancer and non-cancer
groups. All AUCs were below 0.5 indicating all the
markers were under-expressed in cancer in this sample.
PSA and PSAds are also compared between cancer
groups, high-grade cancer (Gleason > 7) and low-grade/
non-cancer (Gleason score < 7). As shown in Table 4, all

Copyright © 2011 SciRes.

markers were significantly higher in the high-grade can-
cer group compared to low-grade cancer/non-cancer
group. The median values of ultrasound PSAd and seg-
mentation transitional zone PSAd were significantly
higher in high-grade cancer group compared to non-
cancer or low-grade cancer groups. The AUCs for ultra-
sound PSAd and segmentation transitional zone PSAd
were 0.68 (95% CI: 0.52 - 0.83) and 0.67 (95% CI: 0.54 -
0.8), respectively, which were higher, although not sig-
nificantly different than the AUC for PSA of 0.57 (95%
CL: 0.43 - 0.71) (Figure 2).

4. Discussion

PSA is a commonly used tool to screen men for possible
prostate cancer. While a cutoff of 4.0 ng/mL is fre-
quently used to indicate greater cancer risk, the value
often over-diagnoses many men, leading to significant
morbidity from biopsies and surgeries [19]. PSA alone
has no effect on long-term cancer survival [20,21]. One
major hindrance to PSA testing is its lack of specificity.
Benign prostatic hypertrophy is known to increase PSA,
accounting for up to 85% of cases with a PSA between
4.1 - 10.0 ng/mL [22]. Inflammation can also increase
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Table 3. Biomarker characteristics in cancer and non-cancer groups.

Non-Cancer Cancer P-value AUC (95%CI)
PSA 0.03 0.35(0.22, 0.48)
N 28 45
Mean (SD) 9.19 (6.64) 7.75(9.23)
Median (Q1, Q3) 8.75(5.2,11.2) 53(2.7,8.1)
PSAdUS 0.33 0.41 (0.25, 0.57)
N 15 37
Mean (SD) 0.23 (0.18) 0.21(0.21)
Median (Q1, Q3) 0.22(0.12,0.27) 0.14 (0.1, 0.28)
PSAJET 0.17 0.4 (0.27,0.53)
N 28 45
Mean (SD) 0.21(0.2) 0.25(0.4)
Median (Q1, Q3) 0.15(0.11, 0.23) 0.12 (0.07, 0.23)
PSAdST 0.19 0.41 (0.28,0.54)
N 28 45
Mean (SD) 0.2 (0.18) 0.21 (0.27)
Median (Q1, Q3) 0.15 (0.1, 0.25) 0.11 (0.07,0.24)
PSAdgc 0.59 0.46 (0.33, 0.59)
N 28 45
Mean (SD) 0.4 (0.47) 0.48 (0.79)
Median (Q1, Q3) 0.27 (0.18, 0.47) 0.25(0.13, 0.55)
PSAdgp 0.03 0.35(0.22,0.48)
N 28 45
Mean (SD) 0.53 (0.4) 0.55(0.83)
Median (Q1, Q3) 0.42 (0.28, 0.67) 0.25(0.17,0.47)
PSAdsc 0.65 0.47 (0.34, 0.6)
N 28 45
Mean (SD) 0.37 (0.39) 0.41 (0.54)
Median (Q1, Q3) 0.24 (0.14, 0.48) 0.22 (0.11, 0.5)
PSAdsp 0.03 0.34 (0.21, 0.47)
N 28 45
Mean (SD) 0.51 (0.39) 0.45 (0.54)

Median (Q1, Q3)

0.49 (0.28, 0.58)

0.25 (0.16, 0.42)

PSA levels. For these reasons, normalizing PSA to
prostate volume has been advocated. Kalish first sug-
gested in 1994 to normalize PSA to the transitional zone,
as this would normalize PSA values for BPH changes [8].

Copyright © 2011 SciRes.

Kalish showed that PSAd based on transitional zone was
the most correlated with the presence of cancer. However,
transitional zone PSAd has been refuted by another study
PSAd based on transitional zone volume has since been
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Non-Cancer or low-grade cancer High-grade cancer(Gleason > 7) P-value AUC (95% CI)
PSA 0.34 0.57(0.43,0.71)
N 52 21
Mean (SD) 7.74 (6.94) 9.71 (11.09)
Median (Q1, Q3) 5.8(3.5,9.8) 7.3 (5,8.8)
PSAdys 0.05 0.68 (0.52, 0.83)
N 37 15
Mean (SD) 0.2 (0.2) 0.27 (0.18)
Median (Q1, Q3) 0.14 (0.1, 0.24) 0.24 (0.13, 0.33)
PSAder 0.18 0.6 (0.46, 0.74)
N 52 21
Mean (SD) 0.2 (0.26) 0.31(0.48)
Median (Q1, Q3) 0.12(0.08, 0.22) 0.18 (0.09, 0.33)
PSAdsr 0.1 0.62 (0.49, 0.76)
N 52 21
Mean (SD) 0.19 (0.21) 0.25 (0.28)
Median (Q1, Q3) 0.11(0.07,0.22) 0.17 (0.1, 0.27)
PSAdgc 0.11 0.62 (0.48, 0.76)
N 52 21
Mean (SD) 0.39(0.5) 0.61 (1.01)
Median (Q1, Q3) 0.24 (0.13, 0.37) 0.35 (0.19, 0.62)
PSAdgp 0.39 0.56 (0.42,0.71)
N 52 21
Mean (SD) 0.5(0.59) 0.66 (0.92)
Median (Q1, Q3) 0.3(0.17,0.57) 0.38 (0.21, 0.66)
PSAdsc 0.02 0.67 (0.54, 0.8)
N 52 21
Mean (SD) 0.35 (0.44) 0.51 (0.59)
Median (Q1, Q3) 0.19 (0.12, 0.39) 0.33(0.2,0.61)
PSAdsp 0.49 0.55(0.41, 0.69)
N 52 21
Mean (SD) 0.45 (0.45) 0.54 (0.57)

Median (Q1, Q3)

0.32 (0.2, 0.53)

0.34 (0.21, 0.56)

refuted in another study [9]. There is great variability in
determining the transitional zone volumes by transrectal
ultrasound [12,13]. MRI provides an accurate depiction
of prostate zonal anatomy, and has been used to deter-

Copyright © 2011 SciRes.

mine PSAd in a small number of studies [14-17]. The
technique used for the calculation is varied and each
sample has been small. While transitional zone PSAd has
been shown to be the most accurate parameter at pre-
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Number of cancers: 45, number of non-cancers: 28
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Figure 2. ROC curves: (a) Detection of prostate cancer. (b) Detection of aggressive prostate cancer. In this sample, all mark-
ers were lower in cancer group, therefore, sensitivity was defined as the proportion of cancer cases with biomarker value less
than a cut point and specificity as the proportion of controls with biomarker value exceeding a cut point.

dicting Gleason score and presence of cancer, the sensi-
tivity and specificity of such reports is less encouraging.

We attempted to analyze the accuracy of transrectal
ultrasound in determining prostate volumes. Similar to
prior reports [12], we demonstrated that transrectal ul-
trasound significantly underestimates prostate volume.
The gross underestimation of prostate volume by trans-
rectal ultrasound limits the possible use of transrectal
ultrasound based PSAd.

We also attempted to determine if the added volume
accuracy of MRI could improve PSAd accuracy. This
population was unique in that the average PSA for the
cancer patients was actually lower than that of the “con-
trol” group. The average PSA in the group (6.3 ng/ml) is
higher than expected for the general public. This would
be the ideal population where PSAd could be useful, as
PSA alone is not specific in accessing cancer risk. Un-
fortunately, the density normalization was not helpful in
determining cancer risk. The only statistically significant
PSAd measurements were PSA and peripheral zone
PSAd; however, these were inverted from the hypothe-
sized values with the cancer group demonstrating lower
averages. The PSAd calculation was useful in determin-
ing high-grade malignancy versus low-grade cancer. The
majority of prior reports on the usefulness of MRI in
PSAd have focused on the showing that MRI PSAD can
determine high versus low grade malignancy, but fail to
demonstrate their results for cancer sensitivity.

The lack of added benefit for PSAd based on MRI vo-
lumes may be due to selection bias. The patient popula-

Copyright © 2011 SciRes.

tion generally referred to MRI in this retrospective study
tended to have high PSA values and no cancer to low
grade Gleason scores after multiple biopsies. The referral
group may reflect a subset of patients that are at the high
end of the normal curve of PSA values. The use of MRI
based PSAd may be more useful in a screening population;
however, this is yet to be determined.

The study is limited by the lack of prostatectomy on
most patients. Even in men with prostatectomy, only one
individual had prostate volume recorded. Correlation to
prostate volume by prostatectomy sample should be per-
formed on future studies. Another limitation is the un-
known affect of the presence of an endorectal coil in
volume determinations. The prostate is known to deform
with the presence of the endorectal coil. Additional trials
should be performed in a screening population to deter-
mine of PSAd may be helpful in this more standard pa-
tient population. PSAd may be helpful in prediction al-
gorithm to be combined with other parameters to assess
prostate cancer risk, as suggested by Kubota [16]. This
study is useful in that is reports results from a moderate
sized sample, tests the added resolution of 3.0 T MRI,
and shows cancer sensitivity in addition to high grade
cancer differentiation.

The cost of MRI calculated volume is much greater
than transrectal ultrasound calculated volume. While the
volume measurement is not the sole reason for perform-
ing prostate MRI or transrectal ultrasound, the technical
fee for a prostate MRI is $1900, while the transrectal
ultrasound technical fee is $180 at our institution.
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In summary, transitional PSAd by MRI segmentation
method and transrectal ultrasound PSAd positively cor-
related with aggressive cancer. However, PSAd was un-
able to demonstrate a statistically significant difference
from PSA for detection of cancer risk in our patient pop-
ulation.
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