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Abstract

Background: To evaluate the prevalence, density, and distribution of prostate calcification in patients with prostate cancer.

Methods: Patients who underwent both Gallium-68 PSMA PET/CT and MRI of the prostate over the course of a year were selected for
analysis. The CT images with visible calcifications within the prostate were included and calcifications automatically isolated using a
threshold of 130 HU. The corresponding multiparametric MRI was assessed and the peripheral zone, transition zone, MRI-visible tumor,
and urethra manually contoured. The contoured MRI and CT images were registered using rigid registration, and calcifications mapped
automatically to the MRI contours.

Results: A total of 85 men (age range 50—88, mean 69 years, standard deviation 7.2 years) were assessed. The mean serum Prostate Spe-
cific Antigen PSA was 16.7, range 0.12 to 94.4. Most patients had intermediate-risk disease (68%; Gleason grade group 2 and 3), 26% had
high-risk disease (Gleason grade group 4 and 5), and 6% had low-risk disease (Gleason grade group 1). Forty-six patients out of 85 (54%)
had intraprostatic calcification. Calcification occurred more in transition zone than the peripheral zone (65% vs. 35%). The mean density of
the calcification was 227 HU (min 133, max 1,966 HU). In 12 patients, the calcification was within an MRI-visible tumor, in 24 patients,
there were calcifications within a 9 mm distance of the tumor border, and in 9 patients, there were calcifications located between the urethra
and tumor.

Conclusions: Calcifications are common in patients with prostate cancer. Their density and location may make them a significant con-
sideration when planning treatment or retreatment with some types of minimally invasive therapy. © 2021 The Authors. Published by
Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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1. Introduction pain syndrome, and prostate cancer [1,2]. Previously these

calcifications were not considered clinically significant and

Prostatic calcifications are commonly found in men and
are thought to be associated with prostatitis, chronic pelvic
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their presence usually not mentioned in diagnostic imaging
reports. Recent studies have however shown that high-den-
sity material such as calcification can have a significant
impact on treatment delivery in high intensity focused ultra-
sound (HIFU), transurethral ultrasound ablation, and
brachytherapy [3-6]. In ultrasound therapy, the high-density
inclusions can cause reflections of the ultrasound beam,
causing changes in the treated volume, which can result in
over or under treatment [4,5]. In brachytherapy, the
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presence of prostatic calcification changes the tissue effec-
tive atomic number, leading to altered dose distribution and
potential underdosing [3]. Improved understanding of the
formation, composition, and distribution of these calcifica-
tions could allow development of treatment strategies
which mitigate these effects.

The pathogenesis of prostate calcification is thought to
be related to prostatic inflammation, urinary retention, or
prostatic reflux [7-9]. These factors are also thought to have
a role in prostate cancer and therefore it is not surprising
that calcifications coexist in prostates with cancer. The
source of calcification is thought to be desquamated acinar
cells which form a substance called corpora amylacea.
Hydroxyapatite (HA) is then deposited on corpora amyla-
cea forming corporal calculi [7]. An alternative mechanism
of HA deposition has been proposed by a group who sug-
gest that HA is deposited by osteoblast-like epithelial cells.
The authors suggest that osteoblast-like epithelial cells may
be associated with prostate cancer cells and prostate calcifi-
cation may be a prognostic marker [10].

A few studies have investigated the prevalence of pros-
tate calcification using either imaging or histopathological
analysis. A histological study analyzed 298 consecutive
whole mount prostate for patients with prostate cancer and
found 88.6% contained calcifications [11]. A lower inci-
dence of 58.8% was reported in a study of patients undergo-
ing transrectal sonography who had prostate cancer on
biopsy [12]. However, no studies have accurately mapped
the location and distribution of calcifications or analyzed
their radiodensity using modern CT and MRI. Furthermore,
there has been no investigation of calcifications in patients
who have undergone treatments such as brachytherapy,
HIFU, transurethral ultrasound ablation, or cryotherapy.

The aim of this study was to accurately map and quantify
prostatic calcifications using multimodal imaging and
computational tools, in a cohort of patients undergoing or
having previously undergone treatment for prostate cancer.

2. Materials and methods

Ethical approval for this study was granted by the York-
shire and the Humber Research Ethics Committee (18/YH/
0411).

2.1. Study cohort

In order to select patients who had contemporaneous CT
and MRI imaging data, a consecutive cohort of patients
who underwent Gallium-68 PSMA PET/CT and multipara-
metric MRI (mpMRI; within 6 months of each other)
between August 2017 and August 2018 were retrospec-
tively selected. The clinical indications for PSMA PET at
our institution are mainly staging of high-risk prostate can-
cer and assessment of cancer recurrence after treatment.
Patients who had a diagnosis of prostate cancer mentioned
in the clinical indications were included. Patients who had

undergone radical prostatectomy were excluded. Clinical
records of selected patients were reviewed for clinical data
including PSA and histopathological reports.

2.2. Imaging

A total of 85 datasets were obtained from patients who
had undergone both Gallium-68 PSMA PET/CT and MR
scans. The whole body CT was acquired with 2.5 mm slice
thickness and the modal in-plane resolution was 0.98 mm
(min 0.98 mm, max 1.37 mm). The mpMRI included T2W
small field of view images, high b-value diffusion weighted
imaging (DWI) image (b1400 or b2000), apparent diffusion
coefficient (ADC) map, and dynamic contrast-enhanced
images. The modal in-plane resolution for the MR images
was 0.39 mm (min 0.35 mm, max 0.78 mm) and the modal
slice separation was 3.3 mm (min 3 mm, max 3.85 mm).
The CT images for all patients were assessed by a Board-
certified Radiologist (S.S.).

2.3. Computational analysis

Of these datasets, the prostate and urethra were con-
toured on the MR images of 45 datasets, chosen as calcifi-
cations were evident on visual inspection of the CT scans.
The peripheral and transition zone base, midgland, and
apex regions of the prostate, as well as the urethra were
contoured by a radiologist, slice by slice using Horos (hor-
osproject.org), then exported as .xml files for further use.
Signal abnormality considered as suspicious or highly sus-
picious for tumor (Likert score 4 or 5) was contoured if it
corresponded to cancerous regions on biopsy.

Identification of calcifications was automated in order to
reduce variability and increase accuracy of the output statis-
tics. Registration of the CT and MR datasets was performed
to allow translation of the contours from the MR images to
the CT image space [13], where calcifications can be identi-
fied by their radiodensity. For identification of the calculi,
the CT images were thresholded at 130 HU. This threshold
was selected based on published literature and visual
inspection to minimize the detection of noise and beam
hardening artifact [14,15]. Each of the contours was defined
as a search region, in addition to 3 further search regions.
The first of these was derived from the tumor region, grown
radially by 9 mm, which is the recommended treatment
margin for focal therapy in the prostate [16]. Another
region was defined as the volume located between the ure-
thra and tumor search regions. The final region was formed
from the sum of all search regions. For each of these
regions, clusters of voxels with intensities above the thresh-
old were identified computationally.

For each cluster, the coordinates of the centroid, cluster
volume, principal axes lengths of an ellipsoid fitted to the
cluster, and mean voxel intensities were computed. Any
clusters containing a single voxel were rejected as they
were usually found to have voxel intensities close to the
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Table 1
Summary of patient demographics

Number of patients 85

Median age (y) 70 (50—88)
Mean PSA level (ng/ml) 16.7 (0.12—-94.5)
Overall Gleason grade

3+3 5
3+4 28
4+3 25
3+5 1
4+4 5
4+5 13
5+4 1
Previous treatment 48/85

threshold, and were indistinguishable from noise on visual
inspection. The lateral (in-plane) distance of the centroid of
each cluster from the centroid of the urethra search region
was also calculated, where the centroid of the urethra was
calculated from the mean of the in-plane centroid coordi-
nates across all image slices containing the urethra contour.
For each patient, mean, minimum, and maximum values of
these quantities were calculated for each contoured region
of interest. Calcifications spanning multiple regions of
interest were counted in each region. Their statistics were
computed only for the part of the calcification located
inside each of the zones; the statistics of the entire calcifica-
tion were computed under the total prostate region, pro-
vided it lay fully within that region.

3. Results
3.1. Patient cohort

A total of 85 men (age range 50—88, mean 69 years,
standard deviation 7.2 years) were assessed. The mean PSA

was 16.7 ng/ml, range 0.12 to 94.4, standard deviation 19.8.

Table 2

All patients had a diagnosis of prostate cancer and for 78
patients biopsy information was available in their electronic
health records. In terms of Gleason grade group; 68% had
intermediate-risk disease (Gleason grade group 2 and 3),
26% had high-risk disease (Gleason grade group 4 and 5),
and 6% had low-risk disease (Gleason grade group 1).
Overall Gleason grade is given in Table 1. Forty-eight
patients in this cohort had a history of a previous treatment.
Sixteen patients had previous HIFU, 16 had previous exter-
nal beam radiotherapy, 7 had previous brachytherapy, 3 had
previous cryotherapy, 1 had previous chemotherapy, and 1
had reversible electroporation. Some patients had more
than one treatment type; 2 had external beam radiotherapy
and salvage HIFU, 1 had brachytherapy and salvage HIFU,
and 1 had HIFU and cryotherapy.

3.2. Prostate calcification

Intraprostatic calcifications were found in 46 out of 85
patients (Table 2). Examples of corresponding MR and CT
images, with visible calculi within transformed region con-
tours, are shown in Fig. 1. An average of 5 foci of calcifica-
tions was identified in each patient, with 24 being the
highest number of calcifications identified in a single
patient. All calcifications were located within 36.9 mm of
the centroid of the urethra contour/region of interest (ROI),
at a mean distance of 12.1 mm. Calcifications were distrib-
uted throughout the regions of the prostate, on average
across 4 different regions. The mean volume of calcifica-
tions was 55.3 mm?>. The largest calcification, with a vol-
ume of 1,263.6 mm? spanned several ROIs; it is therefore
recorded under the “all regions” search volume, whereas
for that patient, the largest calcification found in any region
individually had a volume of 689.0 mm®. This represents
only part of the calcification which extends beyond the
boundary of this region of interest; a similar occurrence can

Calcification statistics for all regions together and individually for each contoured region

Number of patients

Number of calcifications

Urethra distance Volume Mean pixel intensity
3

mm mm HU

All regions 46 5(1,24)
TZ base 22 2(1,12)
TZ midgland 26 2(1,6)
TZ apex 21 2(1,8)
PZ base 9 1(1,2)
PZ midgland 18 21,7
PZ apex 20 2(1,6)
Urethra 13 2(1,5)
Tumor 12 1(1,2)
Tumor margin 24 3(1,20)
Between tumor and urethra 9 1(1,3)

12.1 (0.3, 36.9)
10.8 (1.4,27.4)
8.6 (1.1,28.1)
9.1(2.5,25.9)
13.5(7.3,21.6)
14.4(7.0,22.7)
11.2(2.6,22.9)
3.6(0.9,5.9)
12.6 (4.7,31.0)
13.9(0.3,36.9)
7.6 (4.3,15.5)

55.3 (4.8, 1263.6)
40.4 (4.8,522.1)
30.4 (4.8, 689.0)
43.1 (4.8,703.3)
12.4 (4.8, 40.5)

33.7 (4.8, 376.7)
30.7 (4.8, 191.6)
28.1 (4.8, 128.7)
62.4 (4.8, 326.6)
46.0 (4.8, 439.3)
54.0 (4.8,327.1)

227 (133, 1966)
251 (133, 1105)
227 (134, 1405)
230 (133, 982)
248 (133, 755)
259 (134, 1966)
267 (136, 1292)
212 (144, 446)
241 (138, 502)
245 (133, 690)
263 (153, 449)

Number of calcifications, distance from the urethra, volume, and mean pixel intensity are given as mean (minimum, maximum) of the values for each
patient. The distance from the urethra is defined as the in-plane straight line distance between the centroid of the calcification and centroid of the urethra
region, where the centroid of the urethra is calculated from the mean of the in-plane centroid coordinates across all image slices containing the urethra

contour. PZ = peripheral zone; TZ = transition zone.
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Fig. 1. T2-weighted MR image slice (left), the corresponding CT image slice (middle), and thresholded image (right) for 3 example cases: (A) previous left-
sided HIFU on which calcifications (highlighted by white arrows) are visible within the transition zone midgland contour (blue). (B) Calcification is visible
between the urethra and tumor. (C) Calcification is present within the tumor. The peripheral zone midgland (blue), urethra (purple), tumor (red), and area
between urethra and tumor (purple dotted) are also shown. (Color version of figure is available online.)

be observed in Fig. 1A. Most calcifications tended more
toward ellipsoid rather than spherical in shape, with a mean
aspect ratio of 1:0.74:0.49. Results are shown in for calcifi-
cations found in the total region mask and for each ROI
individually (Table 2).

In 33 out of these 46 patients, a MRI-visible tumor was
identified. In 12 patients, there were calcifications within
the tumor (see Fig. 1C), and 24 patients had calcifications
within a 9 mm border of the tumor (see Fig. 1B). In patients
with a previous history of treatment, 24 out of 48 (50%)
had prostate calcification. In treatment-naive patients, 22
out of 37 (59%) had prostate calcification. There was no

statistically significant difference the 2 groups (P= 0.51,
Fisher’s exact test 2-tailed).

4. Discussion

This is the first study to accurately map prostate calcifica-
tion in patients with prostate cancer using computational
methods to analyze rich imaging data available from contem-
poraneous mpMRI and CT. Our study has shown a few
important differences in the distribution of calcification com-
pared to previous studies. Although calcification occurred
more in the transition zone, there were a significant number
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in the peripheral zone (35%), a greater proportion than previ-
ously reported, for instance 17% [11] and 6.8% [12].

A higher incidence in the peripheral zone could be
explained by differences in the patient cohort studied com-
pared to other studies. This cohort had a high percentage of
high-risk disease and history of previous treatment. As the
majority of prostate cancers occur in the peripheral zone
and calcification can be associated with cancer, this may
explain the higher incidence in our cohort. The densities of
the calcifications ranged from 133 to 1,966 HU, with a
mean of 227 HU. This is comparable to the densities
reported in previous studies conducted on smaller patient
cohorts [3,17]. The volume of calcifications ranged from
4.8 t0 1,263.6 mm°. The larger foci were found more in the
transition zone, consistent with previous studies.

An important finding of this study is that prostatic calci-
fication can commonly occur within and in the locale of
prostate cancer. In 12 patients, foci of calcification were
within MRI-visible tumors. The presence of tumor calcifi-
cation in this cohort is higher than previously observed
[11]. This higher incidence may be explained again by
many patients in this cohort having previous treatments and
then having a local recurrence. We hypothesize that previ-
ous treatments such as radiotherapy or thermal ablation
cause inflammation resulting in a healing response which
leads to deposition of calcification. This process is seen in
other organs such as the liver and kidneys [18,19] and has
been reported after radiotherapy and thermal ablation in the
prostate [20,21]. Furthermore, we found that in 24 patients,
there were calcifications within 9 mm of the tumor, which
is the ablation margin recommended for focal therapy [16].

The prostatic urethra is an important structure to protect
in prostate therapies. Our analysis showed that in 13
patients calcification was in a periurethral distribution, and
in 9 patients, calcifications were located between the ure-
thra and tumor (see Fig. 1B). The presence of high-density
material such as calcification in the prostate has been shown
to cause aberration of ultrasound waves and photon attenua-
tion in radiotherapy. These effects can cause significant dif-
ferences in treatment dose for both ultrasound ablation and
radiotherapy. For transurethral ultrasound ablation, for
example, calcifications located around the urethra, between
the urethra and tumor, or in the tumor itself, may lie in the
path of the beam. If the presence of these calcifications is
not accounted for in treatment planning, then there could be
a risk of undertreatment and subsequent recurrence. Further
studies are needed to model the effects of prostate calcifica-
tion in treatment delivery in order to determine strategies
and robust thresholds for treatment.

MRI has become a key imaging modality in the assess-
ment of prostate cancer but calcifications are difficult to
visualize in standard multiparametric protocols [22]. It is
widely used to plan thermal ablation treatments such as
HIFU, cryotherapy, and transurethral ultrasound ablation.
However calcifications are often not visible on MRI and not
routinely commented on in radiological reports. Therefore,

the impact of calcification in these therapies is likely under-
recognized and under-reported. In contrast, for patients
undergoing radiotherapy, CT imaging is usually available
and calcifications can be used as pseudofiducial markers to
plan treatment [23]. However, most CT reports do not men-
tion prostatic calcification, even though studies have shown
an impact in dose delivery [3].

5. Conclusions

In this study, the location and density of prostatic calcifi-
cations were accurately mapped. The study has shown that
prostatic calcifications are common in patients with prostate
cancer. A large proportion of calcifications occur in and
around tumors which could have an impact on their subse-
quent treatment.
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