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Background

Summary

The aim of the study was to evaluate the efficiency of perfusion CT (p-CT) in assessing cancer foci
in the prostate gland in patients with elevated PSA level who had radical prostatectomy after the
p-CT exam.

Prostate p-CT was performed at the Oncology Institute, Cracow, in 2006 in 24 patients aged 49-72
years. The examination was followed by core needle biopsy of the prostate (6-12 cores). PSA
levels in the blood ranged from 5.15 to 33.1 ng/ml. The Gleason score estimated after radical
prostatectomy ranged from 5 to 8. The parameters BE BV, PS, and MTT for both prostate lobes at
three levels (base, mid-gland, and apex) were measured. Relationships between the presence of
pathological foci found in p-CT, serum PSA level, and histopathological findings in the removed
prostate gland were analyzed.

On the basis of the analyzed material, positive correlation was found between serum PSA level
and Gleason score in the post-radical prostatectomy patients. Positive correlation was also found
between serum PSA and the presence of pathological lesions detected in p-CT. The higher the level
of serum PSA, the higher the probability of detecting a pathological lesion within the prostate gland.
No significant correlation between histopathological and p-CT outcome concordance and serum
PSA level was noted. However, no correlation between Gleason score and p-CT examination results
was found, which suggests that there is no relationship between Gleason score and presence of
pathological foci detected in p-CT examination.
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guria accompanying non-kidney-related kidney failure,

ostealgia, and anemia, are indicative of advanced disease.

Prostate cancer takes the second place among malignant
neoplasms in men. Because the disease develops without
any symptoms for an extended period of time, early detec-
tion by means of additional examinations (biochemistry or
diagnostic imaging screening) is of great importance. The
course of prostate cancer is poorly symptomatic, while sig-
nificant general symptoms of cancer, such as anuria, oli-

Three modalities exist to reduce cancer-related mortality:
reduction of cancer incidence, improvement of therapeutic
approaches, and increased early detection. Only the last now
appears available for patients with prostate carcinoma.

According to other publications, computed tomography (CT)
of the pelvis does not serve as a modality to be utilized for
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assessing cancer foci within the prostate, although it was
helpful in the general staging of prostate cancer. Due to the
development of CT techniques and the introduction of multi-
slice CT, perfusion CT (p-CT) became possible. We hypothe-
sized that faster multidetector scanners would provide bet-
ter dynamic imaging of contrast enhancement and improved
detection of prostate cancer. p-CT is of special value in cases
where pathological foci in the peripheral prostate zone are not
detected by TRUS but the patient's serum PSA level is elevated
or when performing MRI is impossible. The aim of the study
was to evaluate the efficiency of p-CT in assessing cancer foci
within the prostate gland in patients with elevated PSA levels
who had radical prostatectomy after the p-CT exam.

Materials and methods

Prostate p- CT was performed at the Cancer Center in
Cracow in 2006 in 24 patients. The examination was perfor-
med before prostate core biopsy. The ages of the patients
ranged from 49 to 72 years, with a mean of 63 years. In the
evaluated group, serum PSA ranged from 5.15 to 33.1 ng/ml.
p-CT was performed with a 16-slice CT scanner (Light Speed,
GE Medical Systems). The perfusion level was measured
during a baseline scan of the minor pelvis without adminis-
tration of contrast and the perfusion zone was outlined. Fifty
ml of non-ionic contrast medium with a density of 370 mgl/dl
was administrated using a pressure injector at the rate 5
ml/sec. Perfusion was measured using the repeated dynamic
scans technique. The scans were started at a delay of 5-7 sec
following the beginning of contrast injection. The total time
of a complete examination from contrast injection was about
50 sec. The thickness of the slice was 1.25 mm.

In order to perform quantitative analysis, the prostate was
evenly divided in the craniocaudal dimension into three
segments, i.e. the base, mid-gland, and apex. The area of
maximum perfusion was identified at each of these three
levels on both sides of the prostate for a total of six areas.
A region of interest (ROI) was drawn around each of these
areas, taking care to avoid central areas of periurethral flow
or obvious benign prostate hyperplasia. A total number
of ROIs were defined in the areas of maximum perfusion
along the periphery of each prostate gland. Local perfusion
within each ROI was then estimated from the maximum
slope of enhancement.

Gleason = 4.8713 +.10810 * PSA
Correlation: r = 53125

Gleason
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Figure 1. Correlation between serum PSA level and Gleason score.

On completion of the study, the data were transferred to an
image processing workstation (Advantage Workstation) and
analyzed by CT Perfusion 3 software (GE Medical Systems).
The following parameters were measured:

1. blood flow (BF), the volume of blood flowing within a
specific time through a specific area. As a reference point
we assumed 200 ml/100 g/min.

2. blood volume (BV), the total amount of blood within the
vasculature of a specific area. As a reference point we
assumed 40 ml/100 g.

3. permeability surface (PS) estimates the permeability of
the vessels for contrast media flowing from the endovas-
cular to extravascular area. As a reference point we
assumed 10 ml/100 g/min.

4. mean transit time (MTT), the mean time of blood flow
through a tissue, given in seconds; as a reference point
we assumed 10 s.

Perfusion CT was used to assess the presence or lack of
pathological foci in the peripheral zone at three levels in
every patient. In case of the presence of foci in the periphe-
ral zone, their number and location, i.e. whether in one or
both lobes, were estimated (Fig. 5).

Following radical prostatectomy, whole-mount prostate-
ctomy specimens were processed and stained with hemo-
toxylin and eosin. Then slides were produced by step sec-
tion of the gland from the apex to the base, every 5 mm.
Then the number and location of the foci in the prostate
gland seen in p-CT were compared with their number and
location in the histopathological findings. Statistical cor-
relation between the p-CT results and histological data
and between serum PSA level and Gleason score were
performed with Pearson’s correlation coefficient. When
reporting these results we considered a correlation coeffi-
cient >0.3 as evidence of a positive association.

Results

Prostate adenocarcinoma was present in all the patients,
but there was one patient who demonstrated a mucinous
variant of adenocarcinoma. All the patients demonstrated

Correlation: r = .35911
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Figure 2. Correlation between serum PSA and presence of cancer
foci detected by p-CT.
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Table 1. Correlation between PSA level in blood serum, Gleason
score, p-CT results and histopathological findings
in patients post prostatectomy.

Correlation: r = .36466

Patient Highest  Histopathological ‘
o, PSA Gleason findings post- p-CT ) o
score prostatectomy g
1 10.7 5 | |
o
2 1 37 7 | |V Lack of concordance
3 5.11 2 Il Il
4 9.78 7 | v
5 17.93 6 | \% 0 2 10 15 20 25 30 35
6 9.12 5 | Il
7 191 6 | | Figure 3. Correlation between serum PSA level and concordance of
i histopathologic findings with p-CT results.
8 10.2 7 | v
9 331 8 | | Correlation: r = -.0733
10 5.48 5 | v -
1 144 6 | | _
changes in two lobes \\\ o o o o
12 4.29 7 | v -
13 9.0 7 I I N R
(E-_,)_ changes in one lobe (s} o o o
14 9.01 5 | Il
15 17.0 6 I I e
16 1569 7 | i R o A
17 6.01 6 | Il
'1 8 1 61 7 8 | | 1 2 3 4 5 6 7 8 9
19 13.6 7 | Il
20 9.02 6 | WV Figure 4. Correlatlon_ between Qleason score anq presence of
cancer foci detected in p-CT examination.
21 7.84 5 | I
29 517 6 I vV Histopathological examination after resection of the pros-
i tate proved 19 cases of cancer localized in both lobes and
23 13.6 7 | I 5 cases of localization in one lobe. The results of Figure 1
24 195 7 m M indicate correlation between serum PSA level and Gleason

| - findings demonstrated in both lobes of the prostate,
Il - findings only in the right lobe, Il - findings only in the left
lobe, IV —no lesions within prostate detected.

enhancement of the prostate, with obvious enhancement
of the periurethral tissue. Many patients also demonstrated
enhancement of the hypertrophied inner gland tissue on
either side of the urethra.

Histopathological examination of the resected prostate
revealed Gleason scores ranging from 5 to 8 (grade 5 in
two patients, grade 8 in 3 patients, and grades 6 or 7 in the
others). Table 1 presents a comparison of serum PSA level
and Gleason score from histopathological examination and
the presence of cancer foci in the histopathological exami-
nation and p-CT. As we can see, p-CT revealed the presence
of pathological foci in the peripheral zone in one lobe only
in 9 patients, in 7 patients the foci were located in both
lobes, and no foci were detected in 8 patients.

score in patients who underwent radical prostatectomy.
The higher the serum PSA level, the higher the Gleason
score (Fig. 1). This correlation was statistically signifi-
cant (p=0.008). Figure 2 presents the correlation between
serum PSA and the presence of cancer foci detected in the
p-CT examination. From this we can conclude a positive
correlation between serum PSA level and the presence of
cancer foci detected by p-CT. The higher the serum PSA
level, the higher the probability of detecting a cancer focus
within the prostate gland. Figure 3 presents the correla-
tion between serum PSA level and concordance between
histopathological findings and p-CT results. We can con-
clude the existence of an average correlation between the
concordance of histopathological findings with p-CT results
and serum PSA level. Figure 4 presents the relationship
between Gleason score in patients after radical prostatec-
tomy and their serum PSA level, demonstrating no correla-
tion between the analyzed data, which suggests that there
is no correlation between Gleason score and the presence of
pathological foci detected by p-CT.
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Discussion

Computed tomography was not indicated for locoregion-
al prostate cancer staging due to its lack of efficiency in
assessing cancer foci within the gland; also, its zonal struc-
ture and anatomical capsule were poorly visible. What is
more, the accuracy of CT in assessing neoplasm infiltration
beyond the organ is low. It is stated in literature that the
accuracy of CT in assessing periprostate fat tissue infiltra-
tion is 24% and seminal vesicle infiltration 65%. According
to literature, CT is performed when a patient’s serum PSA
level is over 20 ng/ml and Gleason score is 8-10 [3]. To our
knowledge there has been only one study to evaluate con-
trast-enhanced computed tomography for the detection of
prostate cancer. The study successfully identified the pres-
ence of prostate cancer using a single-detector helical scan-
ner. We hypothesized that faster multidetector scanners
would provide better dynamic imaging of contrast enhance-

Figure 5. Prostate p-CT, parametrical maps of: A. Blood Flow, B. Blood Volume, C. Mean Transit Time, and D. Permeability Surface Focal
pathological perfusion in the peripheral part of the right lobe.

ment and improved detection of prostate cancer. Perfusion
CT is a technique that can be readily incorporated into
existing CT protocols. The technique allows visualizing the
vascularity of the prostate and it seems it will soon become
an in vivo marker of tumor angiogenesis.

Normal prostatic tissue has a regular orientation of the
microvessels along the basement membrane. Adenocarci-
noma of the prostate shows an increased proliferation of
microvessels as well as abnormalities in the size, shape,
and structure of these vessels [4]. In benign tissue the cap-
illaries are uniform in size and diameter. In contrast, carci-
noma capillaries vary in size and cross-sectional shape. The
diameter of their lumen is very small. The endothelial cells
are immunoreactive [5, 6, 7].

Pathologic neoangiogenesis, the formation of a large number
of new, imperfect capillaries (characterized by increased
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permeability) within the gland, is highly associated with
tumor outgrowth. Few imaging methods allow for tumor-
associated vasculature assessment, these being TRUS inte-
grated with color Doppler mode, p-CT, and the visualization
of parenchymatous organs with some radionuclide methods.
Since cancer capillary lumens vary from 2-5 ym, the tra-
ditional imaging method is not useful in neoangiogenesis
visualization [8, 9, 10, 11]. Functional screening such as
p-CT provides the opportunity to assess vascular overgrown
through the presentation of increased BF and BV values.
Imperfect function of these vessels means pathologically
increased permeability within the specific area, which
indicates malignancy. Together with the increase in per-
meability, the values of PS are also elevated. Perfusion CT
provides an opportunity to estimate the mean transit time
of blood flow through the tumor (MTT). If a short transit
time is demonstrated, which means a decreased MTT value,
the flow through the investigated area is fast and indicates
its pathological vascularization [12, 13, 14, 15, 16]. Prostate
carcinomas are generally not considered to be very vascu-
larized tumors. In the present investigation we wanted to
determine whether there were quantifiable differences in
vascularity between carcinoma of the prostate and benign
prostatic tissue.

The Gleason scores in the presented group varied from 5 to
8. According to reports there is a correlation between tumor

malignancy grade (Gleason score) and foci visible in p-CT;
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