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Background: The aim of the study was to assess the correlation between computed tomography perfusion (PCT) parame-
ters and PSA levels, Gleason score, and pTNM stage in patients with prostate cancer (PCa).
Material/Methods: One hundred twenty-five patients with localized PCa were prospectively enrolled in the study. All patients were
diagnosed due to suspicious prostate findings and elevated PSA serum levels and underwent PCT followed by
core biopsy and radical prostatectomy. Blood flow (BF), blood volume (BV), mean transit time (MTT), and per-
meability-surface (PS) area product were computed in the suspected PCa area and normal prostatic tissue.
Core biopsy followed by prostatectomy was performed 2—4 weeks after PCT. Correlation between PCT findings
and PSA levels, Gleason score, and pTNM stage were analyzed.

Results: The mean age of patients was 64 years. All patients had elevated PSA levels (mean value 6.2 ng/ml). Nineteen
patients (15.9%) were at low risk of recurrence, 91 (76.5%) were at moderate risk, and 9 (7.6%) were at high
risk according to National Comprehensive Cancer Network criteria. PCa was visible on PCT as focal peripheral
CT enhancement in 119 out of 125 patients (sensitivity 95.2%). Significant correlations between BV, BF, and
PS values and PSA level were found (p<0.05), as well as a trend for difference between BV, BF, and PS in poor-
ly and moderately differentiated tumors (according to Gleason score) in comparison with highly differentiat-
ed PCa (p<0.08). The analysis also revealed a correlation between mean perfusion values and BV, MTT, PS, and
pTNM cancer stage (p<0.04).

Conclusions: Our study suggests that in low- and intermediate- risk patients, PCT parameters correlate with PSA values,
Gleason score, and pTNM stage and can be useful for initial tumor staging.
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Background

Prostate cancer (PCa) is the second-leading cause of cancer
death in men. Furthermore, imaging of localized PCa still re-
mains limited [1]. Because the disease often develops with-
out any symptoms, utilizing additional examinations (such as
biochemistry or imaging) for early detection and definition of
tumor aggressiveness is of great importance.

It has been estimated that approximately 20% of men will be
diagnosed with PCa in their lifetime [2]. Since the advent of
prostate specific antigen (PSA) screening, most of them are
diagnosed with localized disease. While prostatectomy or ra-
diation treatment is the standard therapy for early-stage PCa,
30-40% of patients will develop recurrent and/or metastatic
disease. On the other hand, many non-advanced tumors have
low potential for dissemination and progression. These patients
probably do not benefit from radical treatment and observation
only or conservative treatment should be considered; there-
fore, there is a need for new pretreatment PCa staging models.

The diagnosis and localization of PCa are based on a digital
rectal examination (DRE) and assessment of serum (PSA) fol-
lowed by a trans-rectal ultrasound (TRUS) [2,3]. Magnetic res-
onance imaging (MRI) has recently become a common tool in
the local tumor extension definition. However, the contraindi-
cations for MRI (claustrophobia, metallic endoprosthesis, clips,
and stents) must be considered. Moreover, MRI devices are not
widespread in lower-middle income countries.

New functional imaging methods have come into use in re-
cent years, using neovascularization of malignant tumors.
Angiogenesis, the formation of new blood vessels from the
pre-existing vascular bed, is an integral part of benign pros-
tate hyperplasia; it is associated with prostatic intraepithelial
neoplasia (PIN) and is a key factor in the growth and metas-
tasis of PCa [4]. Increased neovascularity within the prostate
is the marker of prostate malignancy and it is associated with
an increased likelihood of metastasis, higher stage of the dis-
ease, and reduced survival [5]. Multidetector computed to-
mography (MDCT) is already widely used as a general imaging
method for evaluating cancer angiogenesis. This technique is
performed after intravenous administration of an exogenous
contrast medium [6]. Perfusion computed tomography (PCT),
or dynamic contrast-enhanced CT (DCE-CT), is the acquisition
of serial images through the same volume over time after the
administration of a bolus of iodinated contrast media. Thanks
to the excellent linearity between tissue attenuation and io-
dine concentration, DCE-CT allows the analysis of blood flow
and blood volume estimates in tumors. This technique was
first used in the evaluation of patients with acute stroke, but
has also been reported to be useful in the detection of tumor
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The observed tissue enhancement is related to blood flow (BF),
blood volume (BV), mean transit time (MTT), and capillary per-
meability and surface area (PS). PCT has the advantage of high
spatial resolution, involves little risk to patients, and data ac-
quisition can be incorporated into routine patient studies [5].
Our previous study proved the high sensitivity of PCT in PCa
imaging (Luczynska et al.). Perfusion CT is a valuable method
for diagnosis of prostate cancer (see our previous prospective
study in 94 patients, research grant no. NN403240837 of the
Polish Ministry of Science and Higher Education, submitted for
publication). Therefore, the question is whether PCT is more
efficient, safe, and cost-effective than the standard methods.
The aim of this study was to estimate the correlation between
perfusion parameters and commonly used prognostic factors
— PSA level, Gleason score, and pTNM stage — in PCa patients.

Material and Methods

The study protocol was approved by the Polish Ministry of
Science and Higher Education, research grant no. NN403240837
titled “CT perfusion and biological markers in local staging
and risk assessment in surgically treated prostate cancer pa-
tients”. The study was approved by the Ethics Committee of the
Center of Oncology, M. Sklodowska-Curie Memorial Institute,
Cracow Branch, and prior written informed consent was ob-
tained from all patients. The study included 3 tasks, based on
similar group of patients: 1) Imaging study: PCT in the visu-
alization of PCa, 2) Pathological study: Correlation between
PCT parameters and clinico-pathological features of PCa, and
3) Molecular study: Correlation between PCT parameters, im-
mune-histological findings, and immune-histochemical expres-
sion of angiogenesis-related markers in non-advanced PCa.

The following report presents the data from Study 2, and data
analysis of Studies 1 and 3 will be published separately.

Patients

We prospectively enrolled patients meeting these inclusion
criteria: serum PSA level >4 ng/ml and suspicious imaging re-
sults at TRUS suggesting prostate malignancy, scheduled for
prostate biopsy, and with serum creatinine level <1 mg/dL.
We excluded patients with previous cancer at other sites, an-
drogen deprivation prior to PCT, allergy to iodinated contrast
media, serum creatinine >1 mg/dL, disqualification from sur-
gery, or who refused to participate.

Study design

In brief, the study design included the prostate PCT, followed
by prostate biopsy (performed 2-4 weeks after PCT). If prostate
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Figure 1. A time-attenuation curve — plots for prostate cancer
and normal tissue.

malignancy was proven, radical prostatectomy was performed
in the following 2 weeks.

Study procedures included:

1. Prospective registration of the eligible patients and signing
of informed consent.

2. Performing PCT.

3. Evaluation of PCT color maps and computation of the follow-
ing perfusion parameters: blood flow (BF), blood volume (BV),
permeability-surface area (PS), and mean transit time (MTT).

4. Performance of core biopsy.

5.Radical prostatectomy.

6. Analysis of correlation between BF, BV, PS, and MTT, and
clinic-pathological findings.

Clinical staging was carried out according to the American
Joint Committee on Cancer (AJCC) and the International Union
Against Cancer staging system [13]. Pathological examination
of prostate consists of microscopic evaluation of hematoxylin-
eosin stained specimens. The slides were made by sectioning
the gland every 5 mm, from apex to base. An experienced pa-
thologist, blinded to the PCT results, evaluated the whole set
of slides to assess the presence of malignancy and its grading
according to Gleason score [14,15]. All diagnostic and treatment
procedures were performed at the study Center, which was the
M. Sklodowska-Curie Memorial Institute, Cracow Branch, Poland.

Imaging technique

CT examinations were performed using a 16-section multi-
detector (MDCT) CT scanner (LightSpeed 16: GE Healthcare,
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Figure 2. Region of interest (ROI) shown on a prostate perfusion
CT image.

Milwaukee, WI, USA). Preliminary non-contrast CT of the pel-
vis (5-mm thickness) was performed to localize the prostate.
The scanning range for the PCT was chosen to include 2 lev-
els: upper level (€2 cm above the center of the prostate gland)
and lower level (2 cm below the center), which together cov-
ered an area of 4 cm (top-bottom dimension). A total of 100
ml (2x50 ml) of nonionic iodinated contrast material was in-
jected at 1.5 mL/kg at an injection rate 2 mL/s (Ultravist 370
mg I/ml: Bayer Schering Pharma, Leverkusen, Germany). PCT
scanning started 5 s after contrast administration; 80 kVp and
120 mA images were acquired every 1 s for 50 s. Immediately
after completion of PCT scanning, diagnostic CT of the abdo-
men and pelvis was performed with 5-mm slices.

Image analysis

The images obtained were transferred to an image-processing
workstation (Advantage Windows 4.2: GE Healthcare) and an-
alyzed with commercially available software (CT Perfusion 4:
GE Healthcare). The arterial input was obtained from a stan-
dardized region in the external iliac artery (EIA), with selec-
tion of the section that allowed best visualization to avoid
partial-volume artifacts. A time-attenuation curve, expressed
in Hounsfield units (HU) per s, was generated for the arterial
input (Figure 1). For qualitative analysis, dynamic CT images
and perfusion maps were assessed. The analysis of dynamic
CT images was performed by means of the cine-loop tool used
with perfusion CT 4.0 software. For quantitative analysis, a re-
gion of interest (ROI) was manually drawn by 2 experienced
radiology consultants (EL and STD) along the visible margins
of the suspicious PCa (identified as the fastest and strongest
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Figure 3. Functional maps of CT perfusion parameters: (A) Blood flow, (B) Blood volume, (C) Permeability surface, (D) Mean transit time

for prostate cancer and the surrounding normal tissue.

enhancement area in the gland) and for normal prostate tis-
sue using an electronic cursor.

ROIs were chosen so that on all images, they were drawn
over regions of tumor throughout the image series, irrespec-
tive of motion (Figure 2). If excessive motion artifacts preclud-
ed drawing a region of interest that stayed within the tumour
margins in all the images of the PCT scan, the patient was ex-
cluded from the study.

Functional maps of BF, BV, MTT, and PS were generated ac-
cording to the deconvolution model, described in previous lit-
erature [16].

Tumor perfusion parameters were averaged over all sections
of the ROIs drawn for each tumor and for normal gland. For
display purposes, the functional maps were presented using a
color scale with: pixel values of BF measured in ml/100 g wet
tissue per min; BV in ml/100 g of wet tissue; MTT in s; and PS
in ml per 100 g of wet tissue (Figure 3). The PCT evaluation
was performed by 2 local radiology consultants with 10 years’
experience in CT oncology imaging (EL and STD) and then re-
viewed by experts in the PCT field.

Statistical analysis

Statistical analysis was performed with dedicated software
(STATISTICA ver.. 9). The correlation between separated
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Patients flow-chart

161 pts met the study criteria and
have prostate CTP between 2007-2012

Figure 4. Flowchart of patients enrolled in the
CTP study.

malignancy

9 pts excluded due to histologicaly denied

152 pts with histologicaly conformed PCa

diseases or surgery refusal

23 pts referred to radiotherapy due to concomitant

¥

129 pts underwent radical prostatectomy

4 pts excluded due to CTP movement artifacts

Group of 125 analyzed pts

perfusion parameter values with PSA levels was also ana-
lyzed. The correlation between values of perfusion parameters,
Gleason score, and pathological classification of PCa were ex-
amined using ANOVA, and Duncan’s test and the t-test were
used for individual mean values. The Spearman rank order
correlations were determined and its significance was stud-
ied using the t-test. A statistical significance level of p<0.05
was accepted.

Results

Study population

Between 2007 and 2012, abdominal and pelvic CT and pros-
tate gland perfusion CT were performed in 161 patients who
were eligible for the study protocol and signed informed con-
sent. A total of 125 patients with PCa (median age, 64 years;
range, 49-77) met the selection criteria and were enrolled in
Study number 2 in the years 2007-2012 (Figure 4). The char-
acteristics of the study population with confirmed PCa are
shown in Table 1 [17].

Perfusion and PSA

Typical contrast enhancement of malignant lesions was visi-
ble in 119 out of the 125 patients (sensitivity 95.2%). A sta-
tistically significant correlation between BV, MTT, and PS
values and PSA level was found: correlation coefficients (r)
were equal to 0.18 ml/100 g, 0.2 s and 0.24 ml/min/100 g
(p<0.05), respectively (Table 2). These findings suggest that
with an increase of PSA values, an increase of BV, MTT, and
PS can be expected (Figure 5). No statistical significance of
BF value was found.

Perfusion and Gleason score

Mean values of perfusion parameters in malignant tissue
were: BV 5.08+0.2 mL/100 g, BF 43.79+1.15 mL/min/100 g,
MTT 8.24+0.15 s, and PS 31.47+1.2 mL/min/100 g. The mean
values and range interval of perfusion parameters based on
histological malignancy category of the tumors are present-
ed in Table 3.

Figure 6 illustrates differences between mean perfusion val-
ues (BV, BF, and PS) for poorly, moderately, and well-differ-
entiated tumors according to Gleason score. A statistically
significant difference (p=0.02) was observed between BV val-
ues in well-differentiated tumors (4.85 ml/100 g) compared
to poorly differentiated (6.37 ml/100 g) tumors. Similar re-
sults were obtained for BF and PS measurements. Mean val-
ue of BF increased from 42.42 ml/min/100 g in well-differen-
tiated tumors to 53.36 ml/min/100 g in poorly differentiated
tumors (p=0.01), whereas mean value of PS increased from
29.76 ml/min/100 g for well-differentiated tumors to 39.77
ml/min/100 g for poorly differentiated tumors and the dif-
ference between those values was also significant (p=0.02).
Mean values of BV, BF, and PS were higher in poorly than in
moderately differentiated tumors, but statistical significance
was achieved only for BF values (p=0.03).

Perfusion and pTNM stage of PCa

On the basis of variance analysis we found statistical corre-
lation between mean perfusion values BV, MTT, PS and can-
cer stage, according to pTNM classification (p<0.03) (Table 4).

The analysis of individual tests comparing various averages re-
vealed a significant difference between mean values of perfu-
sion parameters (BV, MTT, and PS) for category IIB and other
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Table 1. Baseline characteristics of 119 PCa patients diagnosed

with PCT.
Characteristics n %

Age (years)

<65 yrs 73 61.3

65-70 yrs 30 25.3

70-75 yrs 15 12.6

>75 1 0.8
Initial PSA (ng/mL)

4-10 76 63.9

10-20 37 31.1

>20 6 5.0
NCCN risk group (17)

Low 19 15.9

Intermediate 91 76.5

High 9 7.6
pT stage

T2 79 66.4

T3 40 33.6
pN stage

NO 114 95.8

N1 5 4.2
pTNM

| 3 2.5

1A 12 10.1

1IB 64 53.8

Il 40 33.6
Gleason score

<5 12 10.1

6 57 47.9

7 42 35.3

8-10 8 6.7
Histological grade
(acc. to Gleason score)

Low 69 58.0

Intermediate 42 35.3

High 8 6.7
Total 119 100.0

stages (Figure 7). We analyzed whether mean values of all the
parameters were higher in stage lll than in IIB. Mean value of
BV in stage IIB (41.70 ml/100 g) was lower than in stage IlI
(46.63 ml/100 g) (p=0.002). Additionally, mean value of BV
in stage Ill (5.67 ml/100 g) was higher than in stage IIB (4.62
ml/100 g) (p=0.028). Similarly, MTT and PS were significantly

Table 2. Correlation between perfusion parameters and PSA.

BV (ml/100 mg)

BF (ml/min/100 g)
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higher in stage Ill than in IIB (p=0.014 and 0.003, respective-
ly). Mean MTT ranged from 8.62 s to 7.93 s and PS from 35.45
ml/min/100 g to 28.89 ml/min/100 g in class Il and IIB, re-
spectively (Table 4). To conclude, perfusion values are higher
in higher cancer stages according to AJCC.

Discussion

The aim of our study was to assess the correlation between
CT perfusion parameters and PSA levels, Gleason score, pTNM,
and AJCC stage in 125 patients with PCa. To the best of our
knowledge, this is the largest published series of PCa patients
examined with PCT. Results of our analysis confirm high sen-
sitivity of the method in visualization of malignant tissue in
the peripheral prostate zone (Luczynska et al.). Perfusion CT
is a valuable method for diagnosis of prostate cancer (see our
previous prospective study in 94 patients, research grant no.
NN403240837 of the Polish Ministry of Science and Higher
Education, submitted for publication), which suggests that
PCT parameters correlate with PSA values, Gleason score, and
pTNM stage and can be useful for initial tumor staging and
the definition of tumor aggressiveness. A significant correla-
tion between BV, BF, and PS values and PSA level was found,
as well as a significant difference between BV, BF, and PS in
poorly and moderately differentiated tumors in comparison
with highly differentiated PCa (p<0.08). The analysis also re-
vealed a correlation between mean perfusion values BV, MTT,
and PS and pTNM cancer stage (p<0.04). All perfusion param-
eters were higher in stage Ill than in stage 1IB tumors.

Digital rectal examinations, PSA levels with associated param-
eters (PSA density, PSA adjusted to age, excess PSA, and free-
PSA transitional zone), and color Doppler TRUS-guided biopsies
are the main diagnostic tools for evaluation of men at risk for
carcinoma of the prostate. Many patients have elevated PSA
level despite negative findings on biopsy. TRUS-guided biop-
sy is the best technique for detecting cancer in patients with
elevated PSA or a positive digital rectal examination, but this
procedure has some limitations (3). Only 20-40% of repeat-
ed biopsies are associated with positive findings in men with
persistently elevated PSA serum levels [18].

MRI plays an important role in the diagnostic process of PCa.

The method provides the best depiction of the contours of the
prostate as well as its internal zonal anatomy. Morphologic

PS (ml/min/100 g)

PSA 0.18

0.24

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

Indexed in:
[ISI Journals Master List] [Index Medicus/MEDLINE]
[Chemical Abstracts/CAS] [Index Copernicus]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



tuczynska E. et al.:
Correlation between CT perfusion and clinico-pathological features...
© Med Sci Monit, 2015; 21: 153-162

CLINICAL RESEARCH

BV (mL/100g)
O=NNWRERUIOVNIODWOO

Figure 5. Correlation between PSA level in prostate cancer and CTP parameters: blood volume (BV) (A), blood flow (BF) (B), and
permeability surface (PS) (C). Red dashed line shows 95% confidence interval.

Table 3. Mean values and range interval of perfusion parameters based on histological malignancy.

Degree of histological malignancy BV

BF PS

(acc. to Gleason score)

Well differentiated (GS <6), n=69

(ml/100 g)

(ml/min/100 g) (ml/min/100 g)

Mean +SE 4.85+0.22 42.42+1.45 8.17+0.22 29.76+1.59
Min 1.88 17.01 5.11 5.49
Max 12.76 72.95 14.56 69.38
Moderately differentiated (GS=7), n=42
Mean +SE 5.22+0.22 44.21+1.73 8.34+0.22 32.7241.59
Min 2.42 28.24 6.09 10.55
Max 19.62 73.85 12.65 68.43
Poorly differentiated (GS>8), n=8
Mean +SE 6.37+1.13 53.36+6.74 8.3210.41 39.77+4.86
Min 4.22 42.32 6.87 24.05
Max 14.00 98.74 10.20 64.69
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Figure 6. Distribution of mean perfusion values — blood volume (BV) (A), blood flow (BF) (B), and permeability surface (PS (C)

— depending on aggressiveness of the tumor.

techniques are based on T1- and T2-weighted images. MRI
also allows functional assessment with techniques such as
diffusion-weighted MRI (DWI), MR spectroscopy, and dynamic
contrast-enhanced MRI (DCE-MRI) [19,20]. Although MRI cur-
rently seems to be the most valuable method of PCa imaging,
it is necessary to keep in mind contraindications to this test
as well as limitations in access to MRI devices in low-income
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countries. Therefore, other imaging methods, like PCT, should
be considered in PCa imaging.

The development of PCa is a multi-step process, advancing
consecutively from high-grade prostatic intraepithelial neo-
plasia (PIN) to focal carcinoma, invasive carcinoma, and final-
ly to metastatic disease. It is therefore important to target the

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]



tuczynska E. et al.:
Correlation between CT perfusion and clinico-pathological features...
© Med Sci Monit, 2015; 21: 153-162

CLINICAL RESEARCH

Table 4. Mean values of evaluated perfusion parameters in stage IlA, 11B, and stage Il cancers.

Parameter
Clinical
stage
IIA (n=12)
Mean +SE 5.84+0.73 46.36+3.22 8.92+0.63 33.14+4.95
Min 3.45 23.79 6.81 9.09
Max 12.76 59.08 14.56 68.43
11B (n=64)
Mean +SE 4.62+0.17 41.70+1.42 7.9310.20 28.89+1.47
Min 1.88 17.01 5.11 5.49
Max 8.83 69.78 14.09 60.14
Il (n=40)
Mean +SE 5.67+0.34 46.63+2.28 8.62+0.22 35.45+1.79
Min 242 28.24 6.03 18.87
Max 14.00 98.74 11.77 69.38
Ais B.oo Cy
Variance test p=0.07 Variance test p=0.038 42 Variance test p=0.029
7.0 10.04 40
6.5 p=003 9.5 p=0.04 3
s | 7TTYS T T e = 36+
S 6.0 : = 9.04 L] £ 344
g . i E 892 S ’
E 554 |584 i = g5 : 8327 |33.14
= = 301
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Figure 7. Distribution of mean perfusion values — blood volume (A), mean contrast agent transit time (B), and permeability surface in
the studied area of tumor (C) — depending on pTNM stage.

molecular events that accompany the progression of each step
[4]. We were able to evaluate PCa angiogenesis with the lat-
est multidetector tomography and acquisition of high-quality,
color-coded perfusion maps, which correspond with the clas-
sic tomography imaging.

With the development of new multidetector CT scanners,
quantitative CT imaging of angiogenesis has become possi-
ble over larger volumes of tissue [21]. Various algorithms have
been developed to quantify perfusion based on contrast-en-
hanced CT imaging [22]. PCa, like other solid tumors, is also
angiogenesis-dependent. Therefore, angiogenesis within soft-
tissue neoplasms is related to contrast enhancement on CT
[5,23,24]. Initial reports show that functional imaging in CT,
such as PCT, is important for PCa staging before radical thera-
py. PCT makes it possible to reveal excessive pathological ves-
sel density within the prostate gland due to the increase of
BV and BF values and also because pathological increase of

blood vessel permeability (PS) MTT is shortened, which con-
firms vascular abnormality in the area [25].

We previously proved the high sensitivity of PCT in visual-
ization of PCa and confirmed this in the current study [26].
Correlations between PCT parameters and clinico-pathologi-
cal findings also remains in accordance with previous pub-
lished reports; for example, Prando et al. state that CT of the
prostate may be useful in the following selected groups: pa-
tients with a rising PSA level and negative biopsies; patients
with elevating PSA level after radical prostatectomy (suspicion
of recurrence); and patients with routine helical CT pelvic ex-
aminations during which abnormal focal contrast enhance-
ment in the peripheral zone is observed [27]. The correlation
between serum PSA level and perfusion parameters was also
described elsewhere [28].

In the present series, the difference between mean perfusion
parameters in patients with low and high Gleason scores is

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




tuczynska E. et al.:
Correlation between CT perfusion and clinico-pathological features...
© Med Sci Monit, 2015; 21: 153-162

clear. Ives et al. demonstrated that the positive correlation be-
tween PCT and malignancy was strongest in patients with high
Gleason scores (>8) [29]. Our findings suggest that quantita-
tive perfusion measurements based on CT correlate with tu-
mor values and may be useful in poorly differentiated tumors.

According to the analyzed material, perfusion values are cor-
related with PCa grade in clinical stage of PCa. Clinical stage
of PCa division is based on 3 values: pTNM, PSA, and Gleason
score [18,30]. Our findings suggest that higher TNM, PSA, and
Gleason score are associated with higher perfusion parame-
ters (BV, PS, and MTT).

PCa is not a well-vascularized tumor. It has been demonstrat-
ed, however, that pathological vessel density is significantly
increased compared with normal prostate gland tissue [31].

Maximal vascular density was observed in poorly differen-
tiated PCa; moreover, reports show that pathological den-
sity of vessels within PCa is one of the factors that can de-
termine whether the neoplastic process is confined to the
gland or extends beyond its “capsule”. It was previously de-
termined that pathological vessel density is greater in pa-
tients with neoplastic process extending beyond the pros-
tate gland [32]. However, no published data are available on
the correlation between pTNM stage and PCT parameters in
PCa. Consequently, our findings are also unclear, because PCT
parameters were higher in stage Ill tumors than in stage IIB,
but not higher than in IIA tumors, because of the relatively
small number of I1A tumors.
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Bostwick et al. also report the significance of blood vessel densi-
ty within the tumor (in case of cancer confined to the gland) for
PCa staging [33]. For example, in calculating the probability of
cancer infiltration beyond the gland for a patient with PSA serum
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vessel density in histopathological examination is about 93%.

We are aware of limitations of our study. These are the lack of
a control group, which did not allow calculating the specificity
of the method, and poor visibility of the anatomy of the pros-
tatic capsule with conventional CT or additional exposure of
patients to radiation, which, in our study was equal to 16.15
mSv. The dose is higher than that from a conventional CT
scan but seems acceptable for whole-body examination [26].

Conclusions

In conclusion, our study confirms previous findings of the
high sensitivity of PCT for differentiation of PCa from normal
prostate tissue, and suggests that PCT parameters correlate
with PSA values, Gleason score, and pTNM stage and can be
useful for initial tumour staging. A significant correlation be-
tween BV, BF, and PS values and PSA level was found, as well
as the trend for difference between BV, BF, and PS in poor-
ly and moderately differentiated tumors in comparison with
highly differentiated ones. The analysis also revealed a corre-
lation between mean perfusion values (BV, MTT, and PS) and
pTNM cancer stage. Our results may impact daily clinical prac-
tice, particularly for pretreatment staging of PCa in situations
when routine access to MRI is not available.
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