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The�purpose�of�this�study�was�to�assess�the�correlation�between�parameters�evaluat-
ed�using�computed�tomography�perfusion�(CTP)�and�microvessel�density�(MVD),�
the�vascular�endothelial�growth�factor�labelling�index�(VEGFLI),�as�well�as�known�
clinicopathological� indicators� of� tumour� malignancy,� in� non-advanced� prostatic�
cancer.
We� included� 110� patients� with� early� stage� prostate� cancer� who� were� subjected�
to�CT�examinations� followed�by� radical�prostatectomy�between�2007�and�2011�
(in�this�analysis�we� included�only�patients�diagnosed�with�CT).�Both� in�affected�
and�in�healthy�tissue�the�following�perfusion�parameters�were�assessed:�blood�flow�
(BF),�blood�volume�(BV),�mean�transit�time�(MTT)�and�permeability-surface�area�
product�(PS).�After�surgery�in�the�resected�prostate�tumour�tissue�the�MVD�and�
VEGFLI�were�assessed.
The�mean�BF�and�PS�values�were�significantly�higher�in�carcinomas�with�high�his-
tological�grade�(p�=�0.02).�The�sensitivity,�specificity�and�accuracy�of�the�threshold�
BF�value,�for�the�distinction�between�malignant�and�healthy�prostate�tissue,�were:�
67%,�54%�and�59%�respectively.�For�BV�sensitivity�was�71%,�specificity�was�52%,�
and�accuracy�was�48%.�Microvessel�density�significantly�correlated�with�BV,�MTT�
and�PS�(p�<�0.05),�while�VEGFLI�did�not�correlate�with�any�of�the�perfusion�pa-
rameters.
Our�results�suggest�that�BF�and�PS�might�be�helpful� in�discrimination�between�
benign�and�malignant�prostate�tissue,�while�the�positive�correlation�between�BV,�
MTT,�PS�and�MVD�might�suggest�their�potential�utility�in�assessment�of�cancer�
angiogenesis.
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Introduction

Prostate� cancer� is� a� biologically� heterogeneous�
disease.�Many�patients�with�localized,�slow-growing�
cancers� survive� for�a� long�time�even� in� the�absence�
of� therapy,� while� others� develop� metastases� despite�
apparently�organ-confined�disease�and�application�of�
local�therapy�[1,�2].

Prostate�biopsy�is�still�considered�the�gold�standard�
for�diagnosis�of�prostate�cancer.�The�question�arises,�
whether�conventional�procedures,�such�as�computed�
tomography� (CT)� and� magnetic� resonance� imag-
ing�(MRI)�as�well�as�transrectal�ultrasound�(TRUS),�
which�have�not�yet�been�proven�reliable�in�the�diag-
nosis�of�prostate�cancer� [3],�might�be�of�diagnostic�
value�in�the�future.

The� development� of� prostate� cancer� is� a� multi-�
step� process,� advancing� from� high-grade� prostatic�
intraepithelial� neoplasia� (PIN)� to� focal� carcinoma,�
invasive�carcinoma,�and�finally�to�metastatic�disease.�
Therefore� the� planning� of� future� therapies� should�
involve� targeting� the�molecules,� that� are� related� to�
events�associated�with�each�step�of�progression.�One�
of� such�events� is�angiogenesis�–�a�very�complicated�
process�requiring�extensive�interactions�between�cells�
(cancer,�epithelial�and�immune�cells),�cytokines,�and�
extracellular�matrix�components�[4-6].�Studies�have�
demonstrated� that� the� expression� of� factors� stim-
ulating� angiogenesis,� such� as� vascular� endothelial�
growth� factor� (VEGF),�platelet-derived�growth� fac-
tor�(PDGF),�and�transforming�growth�factor�(TGF),�
are�increased�in�prostate�carcinoma�[7,�8].�Moreover,�
it�has�been�shown�that�there�is�a�progressive�increase�
in�angiogenesis�as�prostate�cancer�advances�through�
various�pathologic�stages.

There� are� many� parameters� associated� with� the�
process� of� angiogenesis� which� may� be� evaluated� in�
tumours.� One� of� such� parameter� is� microvascular�
density� (MVD)�[9].�This�parameter�can�be�assessed�
based� on� the� expression� of� CD34� or� CD31� on� the�
endothelial� cells� of� the�blood� vessels.�On� the� other�
hand� the� expression� of� VEGF� might� be� an� indica-
tor�of�intensity�of�neoangiogenesis�[10].�Apart�from�
providing�information�on�tumour�invasiveness,�these�
markers�have�been�used�to�choose�the�appropriate�an-
ti-angiogenic�therapy�[11].

Functional�CT�is�a�high�spatial�resolution�technique�
for�assessing�tumour�neovasculature,�but�the�signal-to-
noise�ratio�remains�poor�as�compared�with�MRI�[12].�
In�oncology,�CTP�is�a�recognized�method�for�the�assess-
ment� of� tumour� vascularity.� This� method� allows� the�
evaluation�of�capillaries’�permeability�based�on�the�per-
meability�coefficient�(PS).�Therefore�it�is�believed�that,�
CTP�can�reflect�tumour�microvascular�density�[13].

In�many�types�of� tumour,�a�correlation�has�been�
noted�between�perfusion�parameters� in�CT�and�an-
giogenesis� markers� assessed� in� the� tumour� [14].�

However,� these� relationships� are� poorly� understood�
in�prostate�cancer.�Recently,�Osimani�et al.�[15]�found�
a�positive�correlation�between�MVD�and�CTP�parame-
ters.�On�the�other�hand�the�correlation�between�VEGF�
expression�and�the�aforementioned�parameter�has�not�
been�studied�so�far,�and�hence�remains�unknown.

Therefore,�the�purpose�of�the�present�study�was�to�
assess�of�the�correlation�between�CTP�parameters�and�
MVD�or�VEGF�as�well�as�the�relationship�between�all�
the�above-mentioned�parameters�and�known�clin�ico-
pathological� indicators� of� tumour� malignancy.� We�
would�like�to�determine�whether�CTP,�which�is�less�
invasive�than�tumour�biopsy,�could�be�helpful�in�dis-
tinguishing�between�benign�and�malignant�prostate�
tissue� as� well� as� between� less� and� more� malignant�
prostate�carcinomas.

Material and methods

Patients

One� hundred� and� ten� patients� with� early� stage�
prostate�cancer,�who�had�been�diagnosed�using�TRUS/
BGI� between� 2007� and� 2011� were� included� in� the��
present�study.�All�patients�were�subjected�to�radical�
prostatectomy�which�consisted�of�removal�of�prostate�
and�seminal�vesicles�within�2�to�4�weeks�after�the�CT�
test.�The�mean�age�of�patients�was�62.7�±6.4�years.

Clinical�staging�was�carried�out�according�to�the�
American� Joint� Committee� on� Cancer� (AJCC)� and�
the� International� Union� Against� Cancer.� Grading�
was�established�based�on�the�Gleason�score�(GS)�dif-
ferentiation�system�(range�2-10)�[16],�independently�
by� two� experienced� pathologists.� Patients� were� di-
vided�into�three�Gleason�score�groups�following�the�
criteria�defined�by�the�AJCC:�well�differentiated�tu-
mours�(Gleason�score�≤�6),�moderately�differentiated�
tumours�(Gleason�score�of�7)�and�poorly�differentiat-
ed�tumours�(Gleason�score�8-10)�[17].�Clinical�char-
acteristics�of�the�group�are�presented�in�Table�I.

The� protocol� was� approved� by� the� local� bioethical�
committee�and�every�patient�submitted�written�consent.

Computed tomography examination

Computed� tomography� examinations� were� per-
formed�with�a�16-section�multidetector�CT�(MDCT)�
scanner� (LightSpeed� 16;� GE� Healthcare,� Milwau-
kee,�Wis).�Preliminary�non-contrast�CT�of�the�pelvis��
(5-mm�thickness)�was�performed�to�locate�the�pros-
tate.�The�total�area�of�examination�was�4�cm.�After�
detecting�the�centre�of�the�prostate�gland,�50�ml�of�
contrast� medium� was� administered� and� a� scan� was�
performed�2�cm�upwards,�followed�by�a�second�injec-
tion�of�50�ml�and�a�scan�of�2�cm�downwards.�A�total�
of�100�ml�of�nonionic�iodinated�contrast�material�was�
injected�(Ultravist�370�mg�I/ml;�Bayer�Schering�Phar-
ma,�Germany)�followed�by�50�ml�of�saline�solution�at�
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a�rate�of�5�ml/s�via�an�18-gauge�cannula,�which�was�
placed�in�the�right�antecubital�vein�in�all�the�patients�
to� exclude� any� source� of� variability.� Computed� to-
mography�perfusion�scanning�started�5�seconds�after�
contrast� administration,� with� the� following� param-
eters:�4� contiguous�5-mm�reconstructed� sections�at�
a� constant� table� position,� 1-second� gantry� rotation�
time,� 80� kVp� and� 180� mA.� Images� were� acquired�
every�second�for�50�seconds.

Immediately� after� completion� of� CTP� scanning,�
MDCT�of�the�abdomen�and�pelvis�was�performed�by�
using�16�×�0.625�mm�collimation;�1.25�mm�section�
thickness�and�increment;�rotation�time�0.6�s;�speed�
9.38�mm/rotation;�FOV�18�cm;�intravenous�contrast�
material� (Ultravist� 370� mg� I/ml;� Bayer� Schering�
Pharma,�Germany);�1.5�ml/kg�at�an�injection�rate�of�
2�ml/s;�acquisition�delay�70�s.

The�obtained�images�were�anonymized�and�trans-
ferred� to� an� image-processing� workstation� (Advan-
tage� Windows� 4.2,� GE� Healthcare).� Computed�
tomography� perfusion� data� was� analyzed� by� two�
radiologists�working� separately� (EL� and� STD)�with��
4�and�3�years�of�experience�in�CTP�imaging�respective-
ly.�Commercially�available�software�(CT�Perfusion�4,��
GE� Healthcare)� was� used� for� analysis,� using� a� de-
convolution-based�technique.�The�arterial�input�was�
obtained�from�a�standardized�place� in�the�region�of�
the�external� iliac�artery� (EIA),�with�selection�of� the�

section�that�allowed�for�best�visualization�in�order�to�
avoid� partial� volume� artefacts.� A� time-attenuation�
curve,�expressed�in�HU/s,�was�automatically�generat-
ed�by�the�software�for�the�arterial�input;�its�geometric�
evaluation�allowed�readers�to�assess�the�timing�of�the�
CTP� scans� in� each�patient,� excluding�any�early� en-
hancement,�identifying�correctly�the�end�of�the�first�
pass�of�contrast�material,�and�excluding�any�recircu-
lation�effect�in�the�CTP�measurements.

Functional�maps�of�blood�flow�(BF),�blood�volume�
(BV)�and�mean�transit� time� (MTT)�were�generated�
according�to�the�central�volume�principle,�which�re-
lates�BF,�BV,�and�MTT�by�the�equation:�BF�=�BV/
MTT�[18].

Regions� of� interest� (ROI)� were� manually� drawn�
along�the�visible�margins�of�the�obvious�prostate�cancer�
in�all�sections�in�which�cancer�was�visible�and�saved�for�
each�patient.�Mean�values�of�perfusion�parameters�were�
then�calculated�for�each�patient�in�tumour�and�healthy�
tissue� separately.�For�display�purposes,� the� functional�
maps�were�presented�in�coloured�images�(Fig.�1).

Immunohistochemical assessment  
of parameters associated  
with tumour angiogenesis

Immunohistochemistry� was� performed� on� forma-
lin-fixed,� paraffin-embedded� tissue� sections� (5� µm�

Table I. The�relationship�between�evaluated�perfusion�parameters,�microvessel�density�(MVD)�and�VEGRLI�expression�
in�relation�to�clinical�and�histological�features�of�prostate�cancer

parameTer TOTal bf
(ml/min/100 g)

mean ± se

bV
(ml/100 g)
mean ± se

mTT
(s)

mean ± se

ps
(ml/min/100g)
mean ± se

mVd
mean ± se

Vegrli 
mean ± se

Tumors 110 43.9�±1.2 5.0�±0.2 8.2�±0.2 31.7�±1.2 100.1�±2.7 14.8�±1.4

Normal�tissue 110 25.2�±0.9 2.4�±0.1 6.5�±0.1 19.6�±0.9 – –

p-value1 0.00 0.00 0.00 0.00 – –

Degree�of�histological�malignancy

G1 65 42.0�±1.5 4.7�±0.2 8.1�±0.2 30.2�±1.7 99.9�±3.6 16.2�±2.0

G2 39 45.1�±1.8 5.4�±0.3 8.4�±0.2 32.9�±1.7 102.0�±4.6 13.1�±2.6

G3 6 56.7�±8.7 5.0�±0.6 8.4�±0.2 40.1�±6.0 90.4�±3.8 15.8�±4.6

p-value2 0.02 0.2 0.55 0.14 0.65 0.62

pTNM

1 8 51.9�±7.2 4.5�±0.4 8.0�±0.5 34.9�±5.5 99.7�±7.1 10.7�±1.9

2 66 42.4�±1.5 4.9�±0.2 8.1�±0.2 29.2�±35.7 97.6�±3.0 14.4�±2.1

3 31 44.9�±2.1 5.4�±0.3 8.4�±0.2 35.7�±2.2 107.0�±6.3 17.0�±2.7

4 5 44.2�±5.7 4.9�±0.6 8.0�±0.3 35.0�±5.1 90.0�±17.8 19.1�±6.8

p-value2 0.24 0.45 0.84 0.09 0.91 0.70
1probability of difference between mean value depend on T-test for dependent samples
2probability of difference between mean value depend on ANOVA test
BF – blood flow, BV – blood volume, MTT – mean transit time, PS – permeability-surface area product, MVD – microvessel density, VEGFLI – vascular endotheli-
al growth factor labelling index
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thick).�For�antigen�unmasking,�after�deparaffinizatio-
nand�rehydration,�we�applied�heating�of�slides�in�Tar-
get�Retrieval�Solution�(TRS)�(DakoCytomation�Den-�
mark�A/S,�Glostrup,�Denmark):�(i)�for�VEGF�–�pH�9,�
temperature� 95-99°C,� 20� min.,� (ii)� for� CD34� –� pH�
6,� temperature� 95-99°C,� 40� min.� For� quenching� of�
the� activity� of� endogenous� peroxidases,� slides� were�
incubated� in� 0.3%� H2O2� diluted� in� methanol� for��
20�min.�Then,�after�20�min.�incubation�with�10%�nor-
mal�goat�serum,�sections�were�incubated�overnight�at�
4°C�with:�(i)�anti-CD34�mouse�anti-human�monoclo-
nal�antibody,�diluted�1�:�200,�(ii)�anti-VEGF�a�mouse�
monoclonal�antibody,�diluted�1�:�25�(DakoCytomation�
Denmark�A/S,�Glostrup,�Denmark).�Visualization�was�

carried�out�using:�DAKO�EnVision�visualisation�sys-
tem�(37°C,�1�h�incubation),�and�VECTOR�ImmPRESS�
Reagent�Kit,�for�CD34�and�VEGF�respectively.�Finally,�
the� sections�were� incubated�with�3,3’-diaminobenzi-
dine�(DAB)�and�counterstained�with�hematoxylin.�For�
the�negative�control�primary�antibodies�were�omitted.

Cytoplasmic� VEGF� expression� was� counted� as�
percentage�of�positively�immunostained�cells�in�500-
1000�tumour�cells�(VEGF�labelling�Index�–�VEGFLI).

Microvascular�density�(MVD)�was�assessed�in�7-10�
tumour� fields� (0.292� mm2),� and� expressed� as� the�
mean�number�of�vessels�per�1�mm2.�Both�individu-
al�CD34-immunopositive�endothelial�cells�and�large�
vessels�with�lumen�were�included.

Fig. 1. Perfusion�maps:�blood�volume�BV�(A),�blood�flow�BF�(B),�mean�transit�time�MTT�(C)�and�permeability�surface�
PS�(D).�In�all�presented�maps�the�right�ROI�represents�manually�outlined�enhancement�(prostate�cancer).�The�left�ROI�
represents�normal�prostatic�tissue

A B

C D
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Statistical analysis

A� one-sided� Student’s� t-test� (2� groups)� and��
ANOVA�(for�a�larger�number�of�groups)�were�used�to�
analyse�differences�in�mean�values�of�continuous�(per-
fusion�parameters,�MVD�and�VEGFLI)�and�categor-
ical�variables�(grade�and�TNM).�Pearson’s�correlation�
coefficient� was� applied� to� measure� of� the� strength�
and�direction�of�the�linear�relationship�between�two�
continuous�variables.�A�Receiver�Operating�Charac-
teristic�(ROC)�analysis�was�conducted�to�find�which�
perfusion� parameters� reveal� the� best� diagnostic� ac-
curacy� level� in� tumour� staging� differentiation.� The�
size�of�the�area�under�the�ROC�curve�was�examined�
using�the�Z-test.�The�limit�of�statistical�variation�was�
accepted�at� the� level�of�p�<�0.05.�The�calculations�
were� performed� using� the� STATISTICA� 10.0� soft-
ware�(StatSoft,�Inc.,�Tulsa,�OK.�USA).

Results

Perfusion computed tomography results

The�mean�values�of�perfusion�parameters�for�pros-
tate�cancer�and�normal�tissue�are�presented�in�Table�I.��
Significantly� higher� values� of� BF,� BV,� MTT� and�
PS� were� found� for� tumours� than� for� normal� tissue��

(p�<�0.05)�(Table�I).�All�perfusion�parameters�were�
correlated�with�each�other�(p�<�0.05),�apart�from�BF�
and�MTT�(Table�II).

The�mean�value�of�BF�was�significantly� lower� in�
low� grade� than� in� high� grade� carcinomas� (Table� I,��
p�<�0.05).�Similarly,�the�mean�values�of�PS�were�low-
er�for�the�G1�tumours�than�for�G3�tumours,�but�this�
difference� did� not� reach� statistical� significance� (Ta-
ble�I).�On�the�other�hand�no�difference�between�the�
mean�values�of�BV�or�MTT�and�tumour�histological�
grading�were�observed�(p�>�0.05)�(Table�I).

The�ROC�curve�analysis�showed�that�BF�and�BV�
may�be�used�to�distinguish�between�well-,�moderate-
ly�and�poorly�differentiated�tumours�(Table�III).�The�
areas�under�the�ROC�curve�(AUC)�in�these�cases�were�
significantly�higher�than�0.5� (p�=�0.05� for�BF�and�
0.01�for�BV)�and�therefore�0.6�ml/min/100�g�for�BF�
and�0.62�ml/100�g�for�BV�may�be�used�as�a�classifiers�
for�prostate�tissues�of�different�degree�of�malignancy�
(Table�III).

In� the� case� of� BF,� the� threshold� value� for� more�
and�less�aggressive�tumours�was�41.7�ml/min/100�g,��
with�the�test�sensitivity�of�67%,�specificity�54%�and�
accuracy�59%.�In�the�case�of�BV,�the�optimal�thresh-
old�value�was�4.55�ml/100�mg,�with�71%�sensitiv-
ity,� 52%� specificity� and� 48%� accuracy� (Fig.� 2).� In�

Table II. The�correlation�between�microvessel�density,�VEGF�expression�and�perfussion�parameters�in�prostate�cancer

bV (ml/100 g) mTT (s) ps (ml/min/100 g) mVd Vegrli

BF p = 0.000

r = 0.61

p�=�0.515

r�=�0.06

p = 0.000

r = 0.56

p�=�0.290

r�=�0.10

p�=�0.795

r�=�0.03

BV p = 0.000

r = 0.58

p = 0.000

r = 0.55

p = 0.035

r = 0.20

p�=�0.155

r�=�0.14

MTT p = 0.001

r= 0.30

p = 0.026

r = 0.21

p�=�0.288

r�=�0.10

PS p = 0.022

r = 0.22

p�=�0.616

r�=�0.05

MVD p�=�0.761

r�=�0.03
r – coefficients of correlation; p – probability
BF – blood flow, BV – blood volume, MTT – mean transit time, PS – permeability-surface area product, MVD – microvessel density, VEGFLI – vascular endotheli-
al growth factor labelling index

Table III.�The�results�of�the�ROC�curve�analysis

bf (ml/min/100 g) bV (ml/100 mg) mTT (s) ps (ml/min/100 g)

The�area�under�the�curve

AUC�±�SE

0.60�±0.06 0.62�±0.05 0.58�±0.06 0.57�±0.06

p 0.05 0.01 0.09 0.12

Threshold�value 41.7 4.55 8.71 20.71
BF – blood flow, BV – blood volume, MTT – mean transit time, PS – permeability-surface area product, MVD – microvessel density
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the�case�of�MTT�and�PS,�no�cut-off�values�have�been�
obtained�both�for�either�well�differentiated�or�poorly�
differentiated�tumours.

The correlation between perfusion 
computed tomography results and tumour 
vascular density and expression of VEGF

In�the�analysed�group�of�tumours,�mean�microves-
sel�density�was�100.1�±2.7�vessels/mm2,�while� the�
mean�value�of�VEGFLI�was�14.8�±1.4.�No�correla-
tion�was�found�between�MVD�and�VEGFLI�(Table�II,��
p�>�0.05).

Microvessel� density� and�VEGFLI�were� correlated�
neither�with�TNM�nor�with�grade�(Table�I,�p�>�0.05).

The�tumour�MVD�was�significantly�positively�cor-
related�with�BV,�MTT�and�PS�(p�<�0.05,�Table�II).�
Correlation�coefficients�were�0.20,�0.21�and�0.22�for�
BV,�MTT�and�PS�respectively� (Table�II).�There�was��
no� correlation� between� microvessel� density� and� BF��
(p�>�0.05,�Table�II).�The�immunohistochemical�ex-
pression�of�VEGF�protein�did�not�correlate�with�any�
of�the�perfusion�parameters�(p�>�0.05)�(Table�III).

Discussion

In� the� case� of� prostate� cancer� MRI� is� a� gold� di-
agnostic� standard.� On� the� other� hand� computed�
tomography� (CT)� was� not� considered� as� such,� and�
hence�in�the�literature�there�are�few�reports�referring�
to�application�of�this�method�in�prostate�cancer.

Application� of� a� 64-section� MDCT� scanner� in�
PCT�of�patients�with�prostate�carcinoma,�by�Osimani��
et al.�[15]�confirmed�that,�PCT�parameters�correlate�

well�with�microvessel�density.�Moreover,�by�applying�
the�above-mentioned�technique,�the�authors�[15]�ob-
tained�the�visualization�of�malignant�foci�in�22�from�
24�tumors,�and�demonstrated�substantial�differences�
in�mean�values�of�BV,�MTT�and�PS�between�prostate�
cancer,� benign� prostatic� hyperplasia� (BPH)� chron-
ic� prostatitis� and� healthy� tissue.� The� ROC� curve�
showed�100%�sensitivity�and�specificity�for�BV�and�
MTT�to�discriminate�benign�and�malignant�lesions�of�
the�prostate�gland�[15].

Similarly� to� the� aforementioned� results,� but� in��
a�larger�patients’�group�(110�patients)�we�observed:�
significant� differences� between� mean� values� of� BV,�
BF,�MTT�and�PS�in�normal�tissue�and�prostate�can-
cer,� a� significant� positive� correlation� between� BV,�
MTT�and�PS�and�MVD,�and�additionally�a�relation-
ship�between�BF�and�grade.�Blood�flow�and�BV�may�
be�used�to�distinguish�between�well-,�moderately�and�
poorly� differentiated� tumours.� This� result� suggests�
that,�all�the�above-mentioned�CTP�parameters�may�
be�of�diagnostic,�prognostic�and�predictive�value.

A� increase� in�BF�values,�described�by�us� in�neo-
plastic� tissue� compared� to� healthy� areas,� may� be�
explained� by� the� opening� of� arterio-venous� collat-
eral� circulation� within� the� tumour.� These� branches�
are� characterized� by� low� resistance� to� the� changes�
in�blood�pressure,�which�results�in�an�increase�in�the�
blood�flow�within�the�capillaries�[19,�20].

A�higher�BV�value�in�the�tumour�than�in�healthy�
tissue�may�reflect�increased�microvasculature�due�to�
formation�of�new�vessels�[21].�This�hypothesis�might�
be� confirmed� by� the� correlation� between� BV� and�
MVD,�which�was�found�in�the�present�study.

Lastly,� a� higher� PS� value� in� the� tumour� than� in�
healthy� tissue� as�well� as� its� correlation�with�MVD,�
could�be�indicator�of�greater�permeability�of�the�wall�
of�the�newly�formed�vessels�compared�with�the�nor-
mal�microvasculature.� In�2010,�Bellomi�[14]�wrote�
that�“if�CTP�were�able�to�reliably�identify�foci�in�the�
prostate,�it�would�theoretically�be�possible�to�target�
radiation�therapy�and�minimize�radiation�dose�to�sur-
rounding�healthy�tissue”�[22,�23].

As� described� before,� similarly� to� Osimani� et al.�
[15]�we�found�a�significant�correlation�between�mi-
crovascular�density�and�three�parameters�assessed�in�
CTP:� BV,� MTT� and� PS.� This� result� might� suggest�
that�CTP� is�useful� in� assessment�of�prostate� cancer�
angiogenesis�(the�process�of�tumour-induced�growth�
of�new�blood�vessels)�and�an�important�factor�indicat-
ing�disease-specific�survival�and�the�risk�of�progres-
sion�after�therapy�[24-26].

The�predictive�value�of�CTP�parameters� is�highly�
possible� because� differences� in� vascular� permeability�
and�architecture�between�tumour�and�normal�tissues�
(detected�with�CTP)�may�contribute�to�differences�in�
oxygenation� or� gene� expression� and� therefore� influ-

Fig. 2. The�ROC�curves�for��PC�perfusion�parameters:�BF�
(green�colour);�BV�(red�colour);�reference�line�(black�colour).�
The� relationship� between� sensitivity� and� specificity� of� the�
parameters�was�shown
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ence�the�response�to�an�anti-cancer�therapy�(radiother-
apy,�chemotherapy,�targeted�therapy�etc.)�[27-29].

In�our�study�BV�and�PS�not�only�allowed�for�dis-
tinguishing�between�affected�and�normal�tissue,�but�
also�significantly�correlated�with�MVD�and�insignifi-
cantly�increased�with�high�histological�grade.�Hence,�
both�BV�and�PS�seem�to�be�the�important�perfusion�
parameters�in�prostate�cancer,�which�are�not�only�po-
tential� diagnostic� parameters� but� also� indicators� of�
tumour�angiogenesis�and�malignancy.

The�MTT�is�the�least�useful�parameter.�This�indi-
cates�that�cell�division�entails�the�formation�of�elon-
gated� vascular� shoots,� whose� ends� join� together� to�
form� capillary� loops.� The� endothelial� cells� in� new-
ly� created� vascular� loops� of� tumour� have� abnormal�
shape�and�size.�They�have�wide�intercellular�connec-
tions,�are�irregular�and�have�a�leaky�basement�mem-
brane.� The� above-mentioned� hypothesis� might� be�
confirmed� by� correlation� between� MTT� and� MVD�
[30],�which�was�noted�in�our�study.

High�BF�values,�which�were�significantly�related�
to� high� histological� grade,� but� not� correlated� with�
MVD,�might�have�a�diagnostic�utility,�be�a�marker�of�
tumour�malignancy,�but�not�an�indicator�of�tumour�
angiogenesis.

Conclusions

1.��Based�on�CTP�parameters� it� is�possible� to� reveal�
neoplastic�foci�within�the�prostate.�Hence�the�ap-
plication� of� this� method� will� allow� for� diagnosis�
of�prostate�cancer�and�for�focusing�of�radiotherapy�
into�the�foci�and�sparing�healthy�tissue.

2.��Existence�of�a�positive�correlation�between�MVD�
and�BV,�MTT�and�PS,�as�well�as�relationship�be-
tween�high�BF�and�high�tumour�grade�may�facil-
itate� pretreatment� indication� of� more� aggressive�
carcinomas�and�hence,�application�of�more�agres-
sive� treatment� schedules/targeted� therapies/anti-�
vascular�therapy.
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