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Pixel Prostate Software as a Reliable Tool in Depicting Spatial Distribution and Determination of the Prostate Cancer Volume

ABSTRACT

Introduction: Cancer of the prostate (PCa) is the second most common cancer-related cause of death 

among men and the most common non-cutaneous malignancy in Western countries. Numerous papers 

have been published on the topic of various aspects of this disease; however, rather little has been 

written on the diagnostic and prognostic value of the prostate cancer obtained from needle biopsy. 

Aim: To examine the utility of Pixel Prostate software in determining the volume and topographic 

distribution cancer of the prostate (PCa), and to analyze it with other variables that are characteristic 

for PCa. Methods: retrospectively, 75 patients data and postoperative prostate specimens were 

analyzed, after determining topographic distribution and cancer volume (PCa), using PixelProstate 

software. Results: Mean VPCa was 6.99 cm3 (0.14-29.7; median 4.51), and mean percentage cancer 

volume relative to prostate volume (%VPCa) was 16% (0.1-67.2%; median 13%). 71% of the patients 

had T2 stage, while the rest had T3 stage. Apex involvement was present in 65% of the patients, 

while central zone involvement and extraprostatic extension were present in 23.5% and 22.7% of the 

patients, respectively. Preoperative Gleason score undergrading was present in 27 (36%) patients, 

while bilateral PCa finding was increased from 51% to 87%, postoperatively. The most discriminant 

variable according to the prediction of %VPCa>10% had preoperative bilateral needle biopsy findings, 

with AUC of 0.75 (<.001), with sensitivity and specificity of 84% and 70%, respectively; (+LR 2,8; 

PPV of 74%; NPV of 82%). %VPCa showed good correlation with prostate specific antigen (PSA) and 

PSA-density. Conclusion: A possibility of precise spatial orientation and volume characterization of 

the PCa by PixelProstate software was shown. Simultaneously, with time, a clinician, experienced by 

PP software feedback, gets better insight for the planning of future prostate biopsy, as an important 

factor in clinical decision making.

Keywords: Cancer of the prostate, PixelProstate software, Volume of the cancer, Cancer per-

centage involvement, Topographic cancer distribution.

1. INTRODUCTION
Cancer of the prostate (PCa) is the 

second most common cancer-related 
cause of death among men and the 
most common non-cutaneous ma-
lignancy in Western countries. Nu-
merous papers have been published 
on the topic of various aspects of 
this disease; however, rather little 
has been written on the diagnostic 
and prognostic value of the prostate 
cancer obtained from needle biopsy 
(1). Cancer volume in postoperative 
specimens significantly correlates 
with the spread of the cancer, and 
can help in assessing the aggressive-
ness of the cancer. It was proven that 
the cancer volume also correlates 
with other prognostic indicators and 

with progression following a radical 
prostatectomy (2). These observa-
tions suggest that a precise assess-
ment of the cancer volume preoper-
atively may help decide on a choice of 
treatment (3, 4).

Morphometric studies following 
a radical prostatectomy (RPE) and 
their diagrams provide accurate doc-
umentation of the tumor extension, 
as well as the status of surgical mar-
gins. At the same time, approximate 
determination of absolute and rela-
tive tumor volumes is obtained, as 
well as topographic distribution of 
tumor foci (5). Given that, here, in-
sufficient attention is still paid to pre-
dictive parameters, as well as to the 
precise definition of the final cancer 
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volume (following RRP) and the spatial distribution of 
cancer – which would have positive impact on future di-
agnostic and therapeutic protocols – it becomes essential 
to have a clear and high quality mapping of tumor on the 
postoperative pathological sample.

2. AIM
The aim of this study is to determine the utility of Pix-

elProstate Software (6) as a effective tool to determine the 
final volume of prostate cancer (VPCa) or the percentage 
of the total prostate volume (%VPCa), and to analyze it 
with other characteristics of PCa.

3. METHODS
This retrospective study evaluates the data on the final 

sample of 75 patients, hospitalized at the Urology Clinic 
of the Sarajevo University Clinical Center, diagnosed with 
localized prostate cancer and RRP performed in period 
2009-2012. Data were obtained from the patients’ med-
ical histories and using PixelProstate Software. The pro-
cessing of histopathological material, by PixelProstate /
PP software,ver. 3.01 (freeware since 2010)/, provided data 
on prostate volume, prostate cancer volume (cm3), as well 
as spatial distribution of cancer, and they were compared 
with preoperative histopathological findings and other 
variables. All patients had TRUS-guided 12 needle core 
prostate biopsy findings. 33 patients were excluded from 
the study due to incomplete data.

PP software provides a simple method for 
calculating cancer volume with 3D visualiza-
tion of the area affected by the cancer. After a 
routine treatment of postoperative specimens, 
all 3 prostate dimensions are entered into the 
PP program, as well as the number of cross 
sections (5-12) and the program automatically 
calculates the value of prostate volume (cm3). 
Total prostate volume is calculated using the el-
lipsoidal formula: 4/3 x ∏ x (length/2 x width/2 
x height/2). The cancer area is delineated on 
histopathological glass and the same area is 
“copied“ onto the PP working surface, i.e. using 
pathologist’s visual memory, an identical tumor 
area is painted with the mouse on the virtual 
slide (6). Once completed, the Pixel software 
automatically calculates the cancer volume, 

which represents the sum of all cancer areas painted into 
the PP, multiplied by the thickness of each cross section, 
previously calculated by the program. Once the results of 
cancer volume are obtained (in cm3 and %), the image is 
automatically generated, and the spatial distribution of 
cancer can be visualized by a 3D image (Figure 1).

Statistical analysis was performed through one- and 
two-way analyses of variance (ANOVA test), Spearman 
correlation coefficient, Kruskal-Wallis test for the 
rank-ordering data and calculation of area under the re-
ceiver operating characteristic (ROC) curve. Statistical 
analysis was made using Medcalc program for Windows 
version 12. The level of significance (two-tailed) was set 
at p <0.05.

4. RESULTS
The average patient age in the observed sample was 

69 years (56-81), mean total PSA-t value 7.8 ng/mL (1,5-
23,9), mean PSA-density 0.26 (0.02-0.96). Using the Pixel 
Software, the following data were obtained: mean pros-
tate volume (VP) was 40.5cm3, (24.7-131), mean VPCa was 
6.99 cm3 (0.14-29.7; median 4.51), while the average cancer 
volume percentage relative to prostate volume (%VPCa) 
was 16% (0.1-67.2%; median 13%).

A correlation table for observed characteristics was created 
and very good correlations were found between VPCa and 
%VPCa with postoperative Gleason Score (GS), with PSA-t, and 
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Figure 1. Pixel Prostate provides insight into spatial orientation and volume of the prostate cancer 
(6) 
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between VPCa and %VPCa with postoperative Gleason Score (GS), with PSA-t, and PSA-d with only 
%VPCa (p<.001). Preoperative GS correlates less with VPCa, but it correlates well with %VPCa. As 
expected, there is a good correlation of %VPCa with the invasion of apex, central zone (CZ), and 
extraprostatic extension (EPE); while PSA- t and PSA-d show good correlation only with the invasion 
of CZ (p<.002); Other clinically significant correlations are shown interchangeably  (VP and %VcaP; 
p>0.05; VP and VPCa; p=0.01); (Table 1).  

 Table1. Correlations for observed characteristics 

 
Spearman rank correlation coefficient*; value of p** 
V.prost. Prostate volume; V.CaP. Cancer volume; Vol. CaP /Vol.Prost. ratio of the CaP. and V. prost. 
(%); GS-b Preoperative Gleason score, GS-op Postoperative Gleason score, PSA-t total PSA, PSA-d PSA 
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PSA-d with only %VPCa (p<.001). Preoperative GS correlates 
less with VPCa, but it correlates well with %VPCa. As expected, 
there is a good correlation of %VPCa with the invasion of apex, 
central zone (CZ), and extraprostatic extension (EPE); while 
PSA- t and PSA-d show good correlation only with the inva-
sion of CZ (p<.002); Other clinically signifi cant correlations are 
shown interchangeably (VP and %VcaP; p>0.05; VP and VPCa; 
p=0.01) (Table 1).

The fi nal postoperative fi nding showed, according to TNM 
classifi cation, that 9.35% of the patients had T2a stage, with 
the mean percentage of VPCa of 7.1%; 61.3% of the patients 
had T2c with the mean VPCa of 14%, and T3a and 20% and 
9.35% of the patients had T3b, with the mean V PCa of 21% and 
27%, respectively (Figure 2). ANOVA test showed, as expected, 
that there was a statistically signifi cant diff erence in %VPCa 
as well, with a higher stage (F=4.9; p=.004), while T stage cor-
relates very poorly with PSA-t and its fractions (p=0.05).

So, 70.65% of the patients had organ-confi ned disease (T2a 
and T2c groups had lower mean %VPCa than the mean %VcaP 
for the entire observed group of 16%), while the remaining pa-
tients had some form of cancer expansion beyond the prostate 

(EPE 22.7%; positive margin R-24%), in addition to seminal ves-
icle invasion of 9.35%. Six patients had concurrent EPE and +R 
(6/22 or 27.3%), while two patients had EPE and seminal vesicle 
invasion. Seven patients (12%) had LVI, and 57 (76%) patients 
had PNI. ASAP and HGPIN were found on the fi nal specimen 
of 18% and 76% of the patients, respectively. Only LVI showed 
good correlation with %VcaP and VCaP (ρ=0.35, p=0.002; 
ρ=0.32, p=0.005, respectively). Five patients (6.7%) had a 
spread into regional lymph nodes (mean VCaP and %VcaP of 
18.9 cm3 and 40.2%, respectively).

Following GS changes compared with preoperative fi nding, 
GS undergrading can be observed for GS grades 3+3 and 4+3, 
respectively, on account of increased GS 4+3, and 4+4 (Table 2). 
Only one patient had preoperative GS 4+5, and this remained 
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Figure 3. Multiple variables graph shows the changes in the postoperative GS comparing with 

preoperative biopsy GS (Wilcoxon test; p<.0001) 
In order to examine the influence of PCa volume on uni/bilobar preoperative needle biopsy findings, 
two-way analysis of variance was performed, which showed a statistically significant difference in 
mean VPCa, depending on whether positive findings of PCa were found in one or both prostate lobes 
(mean VPCa of 4.3 cm3 and 7.6 cm3, respectively, p=0.01); Figure 4. At the same time, a statistically 
significant difference was shown in mean %VPCa, depending on preoperative GS grade. Namely, GS 
3+3 had mean %V PCa of 11.8, while GS 3+4, 4+3 and 4+4 had mean %VPCa of 14.6, 21.4 and 25.9, 
respectively (F= 3.3; p=0.026), Figure 5. Furthermore, %VPCa shows good correlation with bilobar 
biopsy finding (ρ=0.42; p<.001), and with preoperative GS (ρ=0.31, p<.007). VPCa shows a somewhat 
lower correlation with bilobar preoperative biopsy findings (ρ=0.37,p<.001), and VPCa shows no 
correlation with preoperative GS (ρ =0.21,p>0.05); Table 1. 
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Figure 5. Preoperative biopsy GS grades fi nding depending on %VPCA
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Analyzing the number of positive needle biopsies, it was shown that most patients had one positive 
specimen - 31%; 22% of the patients had four positive specimens; 20% of the patients had two 
positive specimens; 9% of the patients had three and five positive specimens, while remaining 9% of 
the patients had more than five positive needle biopsy specimens. According to the number of 
positive needle biopsies, the patients were divided into two groups (≤3 and >3 positive needle
biopsy). ANOVA test did not show statistically significant difference between the number of positive 
biopsies depending on GS grade (F=2.25; p=0.14); Figure 6. The number of positive core biopsies 
strongly correlates with %VcaP and VPCa (ρ=0.4, p=.0004; ρ =0.29, p<.01).

Figure 6. Percentage of more than 3 positive preoperative biopsy findings depending on GS
grade

Analyzing the spatial distribution of the tumor, 49/75 (65%) patients had postoperative finding of 
apex involvement, of whom 17/49 (35%) patients also had simultaneous CZ involvement, and 9/17 
(53%) patients had extracapsular extension. Of the 19 (23.5%) patients isolated with the largest 
dominant volume located within the CZ , as many as 89% of them had apex involvement, while 9/17 
(59% of total EPE) of them had extracapsular extension. Figure 7. depicts spatial distribution of 
specific site cancer involvement. 
Observing the main differences between the above-mentioned groups, significant difference was 
proven only in the total VPCa and %VPCa, with the highest %VPCa in patients with dominant CZ 
invasion CZ (Table 3.). Comparison of the differences among independent samples, by Mann-
Whitney test, showed that patients with CZ invasion also had a higher PSA-t (median 8.9 versus 5.9; 
p=0.002) and PSA-d (median 0.26 versus 0.17; p=0.0002), contrary to the patients with no CZ 
involvement. Such differences are not shown in patients with or without apex involvement. Patients 
with primary central zone invasion, with or without apex involvement, differed in terms of mean  
%VPCa  by only 3.4%; conversely, patients with apex involvement and CZ invasion had a higher % of 
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unchanged aft er surgery. Wilcoxon paired test showed 27 pos-
itive diff erences (Zst =-4.2; p<.0001), i.e. postoperative GS over-
grading of 36%. (Figure 3).

TRUS-guided needle biopsy of the prostate showed bilateral 
cancer localization in 38/75 patients (51%), while the fi nding 
following radical prostatectomy confi rmed bilateral localiza-
tion in 87% (65/75) of the patients (Table 2). The mean %VcaP 
in the postoperative bilateral fi nding was 17.3%, while in the 

unilateral one it was 6.5%. Most changes in the bilateral preop-
erative PCa fi nding were shown at the level of GS 3+3, and GS 
4+3 (they moved to a higher grade) (Table 2).

In order to examine the infl uence of PCa volume on uni/bi-
lobar preoperative needle biopsy fi ndings, two-way analysis 
of variance was performed, which showed a statistically sig-

6
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ROC analysis was performed according to the best %VPCa correlation variable, and it was shown that 
preoperative bilobar positive finding of needle biopsy generates AUC of 0.76 (p<.001), sensitivity and 
specificity of 84% and 70%, respectively; (+LR 2,8; PPV of 74%; NPV of 82%), with cut off >10,4 
%VPCa (mean %VPCa for total group is 16%!); Figure 9. This means that in 3 out of 4 patients with 
bilateral preoperative positive needle biopsy finding a %VPCa higher than 10% of total prostate 
volume (PTP=74.7%) can be expected. Comparison of independent ROC curves with grouping 
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variable of uni/bilateral positive findings, including classification variable of more than 3 core 
positive biopsy findings, would not increase the discriminant power of uni/bil preoperative positive 
findings (Figure 10.).  
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Stepwise logistic regression showed that the main independent variable of influence on %VPCa 
(higher or lower than 10% ) is the bilateral preoperative finding of the needle biopsy (OR 1.3, 
R2=0.38, p=.0001), followed by PSA-t, while VP, PSA-d, age and number of positive biopsies were 
excluded from model (results were not shown). 

4. DISCUSSION 
The use of PixelProstate Software showed group mean VP of 40.5 (median 31.8) cm3; the results are 
very similar to those from the literature, where median prostate volume was 36.6 cm3 (7), while 
group mean volume of PCa 5.99 (range 0.18-29.7) with median of 4.51 cm3 was higher compared 
with some reports, where median cancer volume was 3.92 cm3 (though in range 0.03-45.7 cm3) (3). 
However, 31% and 34.8% of patients from the study of Eminaga et al. had mean VPCa beetwen 3-6 
and >6 cm3 (5). Furthermore, the same study showed that 33.6% of the patients had %VPCa <10%. In 
our study, mean %VPCa was 16% (0.1-67.2%), while 37.4% of the patients had %VPCa <10. This 
suggests that %VPCa variable may be more significant than the total VPCa, since it depends on a 
large range of prostate volumes. 
The calculated percentage share of GS grade shows that 25% of the specimens had Gleason score 
3+3, then GS 3+4 with 51%, 4+3 with 15% , and 4+4(+5) with 9% shares. Ishizaki et al. obtained 
somewhat different data, where 38.7% of needle biopsy specimens had GS 6, 32.3% of them had GS 
7, while 29% of needle biopsy specimens had GS 8 (3). In the cohort study (n=169), a group of 
researchers from the UK obtained the following data: GS ≤6 was present in 30% of needle biopsy 
specimens, GS 7 in 40%, and GS ≥8 in even 30% of needle biopsy specimens (8). 
Our study showed that almost 71 % of postoperative specimens belonged to T2 stage, while 29 % of 
them belonged to T3 stage. Some reports present somewhat different data, where cancer in T2 
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nificant difference in mean VPCa, depending on whether pos-
itive findings of PCa were found in one or both prostate lobes 
(mean VPCa of 4.3 cm3 and 7.6 cm3, respectively, p=0.01) (Figure 
4). At the same time, a statistically significant difference was 
shown in mean %VPCa, depending on preoperative GS grade. 
Namely, GS 3+3 had mean %V PCa of 11.8, while GS 3+4, 4+3 
and 4+4 had mean %VPCa of 14.6, 21.4 and 25.9, respectively 
(F= 3.3; p=0.026) (Figure 5). Furthermore, %VPCa shows good 
correlation with bilobar biopsy finding (ρ=0.42; p<.001), and 
with preoperative GS (ρ=0.31, p<.007). VPCa shows a some-
what lower correlation with bilobar preoperative biopsy find-
ings (ρ=0.37,p<.001), and VPCa shows no correlation with pre-
operative GS (ρ =0.21,p>0.05) (Table 1).

Analyzing the number of positive needle biopsies, it was 
shown that most patients had one positive specimen–31%; 
22% of the patients had four positive specimens; 20% of the 
patients had two positive specimens; 9% of the patients had 
three and five positive specimens, while remaining 9% of the 
patients had more than five positive needle biopsy specimens. 
According to the number of positive needle biopsies, the pa-
tients were divided into two groups (≤3 and >3 positive needle 
biopsy). ANOVA test did not show statistically significant differ-
ence between the number of positive biopsies depending on 
GS grade (F=2.25; p=0.14) (Figure 6). The number of positive 
core biopsies strongly correlates with %VcaP and VPCa (ρ=0.4, 
p=.0004; ρ =0.29, p<.01).

Analyzing the spatial distribution of the tumor, 49/75 (65%) 
patients had postoperative finding of apex involvement, of 
whom 17/49 (35%) patients also had simultaneous CZ involve-
ment, and 9/17 (53%) patients had extracapsular extension. 
Of the 19 (23.5%) patients isolate with the largest dominant 
volume located within the CZ , as many as 89% of them had 
apex involvement, while 9/17 (59% of total EPE) of them had 
extracapsular extension (Figure 7). depicts spatial distribution 
of specific site cancer involvement.

Observing the main differences between the above-men-
tioned groups, significant difference was proven only in the 
total VPCa and %VPCa, with the highest %VPCa in patients 
with dominant CZ invasion CZ (Table 3). Comparison of the 
differences among independent samples, by Mann-Whitney 
test, showed that patients with CZ invasion also had a higher 
PSA-t (median 8.9 versus 5.9; p=0.002) and PSA-d (median 0.26 
versus 0.17; p=0.0002), contrary to the patients with no CZ in-
volvement. Such differences are not shown in patients with or 
without apex involvement. Patients with primary central zone 
invasion, with or without apex involvement, differed in terms 
of mean %VPCa by only 3.4%; conversely, patients with apex 
involvement and CZ invasion had a higher % of tumor volume 
(13.2% and 31%, respectively; p=0.007) (Figure 8).

ROC analysis was performed according to the best % VPCa 
correlation variable, and it was shown that preoperative bi-
lobar positive finding of needle biopsy generates AUC of 0.76 
(p<.001), sensitivity and specificity of 84% and 70%, respec-
tively; (+LR 2,8; PPV of 74%; NPV of 82%), with cut off >10,4 
%VPCa (mean %VPCa for total group is 16%!) (Figure 9). This 
means that in 3 out of 4 patients with bilateral preoperative 
positive needle biopsy finding a %VPCa higher than 10% of 
total prostate volume (PTP=74.7%) can be expected. Compar-
ison of independent ROC curves with grouping variable of uni/
bilateral positive findings, including classification variable of 

more than 3 core positive biopsy findings, would not increase 
the discriminant power of uni/bil preoperative positive find-
ings (Figure 10).

Stepwise logistic regression showed that the main indepen-
dent variable of influence on %VPCa (higher or lower than 10% 
) is the bilateral preoperative finding of the needle biopsy (OR 
1.3, R2=0.38, p=.0001), followed by PSA-t, while VP, PSA-d, age 
and number of positive biopsies were excluded from model 
(results were not shown).

5. DISCUSSION
The use of PixelProstate Software showed group mean 

VP of 40.5 (median 31.8) cm3; the results are very similar to 
those from the literature, where median prostate volume 
was 36.6 cm3 (7), while group mean volume of PCa 5.99 
(range 0.18-29.7) with median of 4.51 cm3 was higher com-
pared with some reports, where median cancer volume 
was 3.92 cm3 (though in range 0.03-45.7 cm3) (3). However, 
31% and 34.8% of patients from the study of Eminaga et 
al. had mean VPCa between 3-6 and >6 cm3 (5). Further-
more, the same study showed that 33.6% of the patients 
had %VPCa <10%. In our study, mean %VPCa was 16% 
(0.1-67.2%), while 37.4% of the patients had %VPCa <10. 
This suggests that %VPCa variable may be more signifi-
cant than the total VPCa, since it depends on a large range 
of prostate volumes.

The calculated percentage share of GS grade shows that 
25% of the specimens had Gleason score 3+3, then GS 3+4 with 
51%, 4+3 with 15% , and 4+4(+5) with 9% shares. Ishizaki et al. 
obtained somewhat different data, where 38.7% of needle bi-
opsy specimens had GS 6, 32.3% of them had GS 7, while 29% 
of needle biopsy specimens had GS 8 (3). In the cohort study 
(n=169), a group of researchers from the UK obtained the fol-
lowing data: GS ≤6 was present in 30% of needle biopsy spec-
imens, GS 7 in 40%, and GS ≥8 in even 30% of needle biopsy 
specimens (8).

Our study showed that almost 71 % of postoperative spec-
imens belonged to T2 stage, while 29 % of them belonged 
to T3 stage. Some reports present somewhat different data, 
where cancer in T2 stage was diagnosed in 13% of the patients, 
while 87% of the patients were diagnosed in T3 stage (50% in 
T3a, and 37% u T3b), namely 55% for T1-T2 , and 38% for T3-T4 
tumor stages, according to UK researchers (8, 9).

Further analysis found perineural invasion in 76% of the pa-
tients, extraprostatic extension in 23% of the patients, lympho-
vascular invasion in 12% of the patients – data that present a 
significant discrepancy compared with the data from the liter-
ature, according to which EPE was found in 86%, and LVI in 64% 
of the patients (9).

The detection of prostate cancer using needle biopsy, 
though a gold standard, is limited both by excessive detec-
tion of indolent cancers and failure to detect clinically rele-
vant cases. Research shows a high overgrading rate (25-40%) 
on final RPE specimens, which suggests that biopsy often fails 
to detect high-grade lesions (10). In the present study, the re-
sults showed that 27 patients (36%) had preoperative under-
grading. Similar data are shown in reports, with significant un-
dergrading of preoperative GS ranging between 19-57%; this 
has significant repercussions on the choice of treatment. Ac-
cording to some authors, this discrepancy between GS of pros-
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tate needle biopsy and postoperative GS reaches the level of 
76% (11).

The characteristic multifocality of prostate cancer was re-
flected in the results of this study and it was proven that there 
is a significant difference in the actual spatial distribution of 
prostate cancer. Needle biopsy specimens showed bilateral 
cancer localization in 51% of the cases, while the final postop-
erative finding showed bilateral Ca spread in 87% of the cases. 
This proved that needle biopsy failed to detect as much as 
36% of bilateral localized cancers. Postoperative mean %VPCa 
in bilateral finding was 17.3%, while in unilateral finding it was 
6.5%. Similar data were obtained in other studies as well, in 
which it was shown that 66% of needle biopsy specimens as-
sessed as unilateral localized cancer, were actually bilateral (1).

In addition to uni/bilateral cancer localization, PP software 
provided a more detailed spatial orientation of the cancer. 
Thus, results were obtained showing central zone involve-
ment in 23.5% of the cases, and apex involvement in 65% of 
the cases. It was shown that in 89% of the cases, patients with 
CZ invasion also had apex invasion. Naturally, these were high-
volume tumors, thus cancer spread from the peripheral zone 
of the prostate probably invaded apex, while rarely isolated 
CZ involvement had a smaller volume, as proven by signifi-
cant differences between VPCa and %VPCa in patients with CZ 
and apex involvement (Table 3 and Figure 8). Presti at al. con-
cluded that it was necessary to perform the so-called ”midline” 
biopsy (central and transition zone biopsy) in order to achieve 
prostate cancer detection rate of 44%. In the previous study, 
the results of 12-core needle biopsy were classified in several 
groups, and the following cancer distribution results were 
obtained: peripheral zone (54%), prostate apex (50%), central 
zone (48%). This indicates that central zone biopsies, as well 
as apex biopsies, significantly contribute to the detection of 
prostate cancer and should be always included in basic biopsy 
schemes (12).

It was shown that VPCa and %VCa correlate well with post-
operative GS, PSA-t, and PSA-d (p<.001). According to reports, 
PSA-d represents a strong parameter for assessing the pros-
tate cancer volume in the so-called ”grey zone” (patients with 
serum PSA value <10 ng/ml) (13). Furthermore, according to 
Carvalhala et al., the value of preoperative PSA-t has a strong 
statistical correlation with cancer volume (14).

Good correlation was also shown with bilateral core biopsy 
findings, and multiple positive core biopsy findings. A group 
of Korean researchers suggested that the number of positive 
needle biopsies has the highest predictive power for cancer 
volume, as well as pathological stage (4).

One of the aims of this study was to examine which preoper-
ative diagnostic parameter has the strongest correlation with 
VPCa and %VPCa, calculated by PixelProstate software. Step-
wise logistic regression model that was performed showed 
that preoperative bilateral needle biopsy findings had the 
greatest influence on %VPCa, followed by the value of PSA-t. 
ROC curve also showed AUC of 0.76 (p<.0001) in the prediction 
of %VPCa >10% in positive biopsy bilateral findings (PTP=75%). 
This finding has very important implications for planning and 
postoperative follow-up of patients, since it was shown that 
%VPCa >20% has significant impact on PSA recurrence and 
tumor aggressiveness (2). May et al. also found that %VPCa > 
25% was predictive of PSA recurrence, and that VPCa was not 

(15). 

6. CONCLUSION
The possibility of precise orientation of prostate cancer 

using PP software is important not only for the determi-
nation of PCa volume, but also for a better insight into the 
present multilocularity of tumor foci, extraprostatic ex-
tension, apex invasion, and CZ, as important prognostic 
determinants of cancer progression and aggressiveness. 
Simultaneously, with time, they offer better insight to 
a clinician for the planning of future prostate biopsies, 
being an important factor in clinical decision making.

• Author’s contribution: D.A. and B.K. gave substantial contribu-

tion to the conception or design of the work and in the acquisition, 

analysis and interpretation of data for the work. S.R. and N.B. ana-

lysed each postprostatectomy specimen, than depicted it in the PP 

Software. Each author had role in drafting the work and revising it 

critically for important intellectual content. Each author gave final ap-

proval of the version to be published and they agree to be accountable 

for all aspects of the work in ensuring that questions related to the 

accuracy or integrity of any part of the work are appropriately inves-

tigated and resolved.

• Declaration of patient consent: The authors certify that they have ob-

tained all appropriate patient consent forms

• Conflicts of interest: There are no conflicts of interest.

• Financial support and sponsorship: Nil.

REFERENCES
1. Bulbul AM, El-Hout Y, Haddad M, Tawil A, Houjaij A, Dab BN 

et al. Pathological correlation between needle biopsy and radi-
cal prostatectomy specimen in patients with localized prostate 
cancer. Can Urol Assoc J. 2007; 1(3): 264-266.

2. Uhliman MA, Sun L, Stackhouse DA, Caire AA, Polascik TJ, Robertson 
CN. et al. Tumor volume, tumor percentage involvement or pros-
tate volume: Which is predictive of PSA recurrence? Urology. 2010; 
75(2): 460-466.

3. Ishizaki F, Hara N, Kaike H, Kawaguchi M, Tadokoro A, Takizawa I. 
et al. Prediction of pathological and oncological outcomes based 
on extended prostate biopsy results in patients with prostate can-
cer receiving radical prostatectomy: a single institution study. Di-
agn Pathol. 2012; 7; 68.

4. Ku HJ, Moon CK. Kwak C, Kim HH. Significance of predicted tumor 
volume as a predictor of pathologic stage in patients undergoing 
radical prostatectomy. Korean J Urol. 2011; 52(1): 24-30.

5. Eminaga O, Semjonow A, Eltze E, Bettendorf O, Schultheis A, War-
necke-Eberz U. et al. Analysis of topographical distribution of pros-
tate cancer and related pathological findings in prostatectomy 
specimens using cMDX document architecture. J Biomed Inf. 2016; 
59: 240–247.

6. Nickels J. PixelProstate - a simple software program for the mea-
surement of prostate cancer volume. Histopathology. 2007; 50; 
519-521.

7. Rapiti E, Schaffar R, Iselin C, Miralbell R, Pelte MF, Weber D. et al. Im-
portance and determinants of Gleason score undergrading on bi-
opsy sample of prostate cancer in population-based study. BMC 
Urol. 2013; 13: 19-25.

8. Serag H, Banerjee S, Saeb-Parsy K, Irving S, Wright K, Steam S. 
et al. Risk profiles of prostate cancers identified from UK pri-
mary care using national refferal guidelines. British Journal of 



YEAR 2019 • VOLUME 27 • ISSUE 2 / ACTA INFORM MED. 2019 JUN 27(2): 89-95 95

Pixel Prostate Software as a Reliable Tool in Depicting Spatial Distribution and Determination of the Prostate Cancer Volume

Cancer. 2012; 106: 436-439.
9. Tokuda Y, Carlino JL, Gopalan A, Tickoo KS, Kaag GM, Guil-

lonneau B. et al. Prostate cancer topography and patterns of 
lymph node metastasis. Am J Surg Pathol. 2010 ; 34(12): 1862-
1867.

10. Sonn AG. Natarajan S, Marglois JAD, Macariarn M, Lieu P, 
Huang J. et al. Targeted biopsy in the detection of prostate can-
cer using an office-based MR-US fusion device. J Urol. 2013; 
189(1): 86-91.

11. Barqawi BA, Turcanu R, Gamito JE, Luciaz SM, O’Donnell IC, 
Crawford DE. et al. The value of second-opinion pathology di-
agnoses on prostate biopsies from patients referred for man-
agement of prostate cancer. Int J Clin Exp Pathol. 2011; 4(5): 
468-475.

12. Werahera NP, Sullivan K, La Rosa GF, Kim JF, Lucia SM, O’Don-
nell C. et al. Optimization of prostate cancer diagnosis by in-

creasing the number of core biopsies based on gland volume. 
Int J Clin Exp Pathol. 2012; 5(9): 892-899.

13. Chang JS, Chio H, Chang YS, Kim JB, Olu MM, Moon GD et al. 
Prostate-specific antigen density as a powerful predictor of ex-
tracapsular extension and positive surgical margin in radical 
prostatectomy patients with prostate-specific antigen levels of 
less than 10ng/ml. Korean J Urol. 2011; 52: 809-814.

14. Carvalhala FG, Daudia NS, Kana D, Mondoa D, Roehlb AK, Loe-
bc S et al. Correlation between Serum PSA and Cancer Vol-
ume in Prostate Glands of Different Sizes. Urology. 2010 ; 76(5): 
1072–1076.

15. May M, Siegsmund M, Hammermann F, Loy V, Gunia S. Visu-
al estimation of the tumor volume in prostate cancer: a use-
ful means for predicting biochemical-free survival after radical 
prostatectomy? Prostate Cancer Prostatic Dis. 2007; 10: 66-71. 


