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Abstract 
Aim: The aim of the study is to evaluate the three main components of the tumor architecture in correlation with two different grading 
systems of prostate adenocarcinoma (PA) using the fractal dimension (FD) analysis. Patients, Materials and Methods: 433 fields with 
different patterns of PA selected from 83 patients with total prostatectomy according to Gleason and Srigley grading systems were 
selected. Four serial sections were cut and stained in order to assess the following parameters: tumor grading with Hematoxylin–Eosin (H–
E), tumor cells architecture (GÖ) with Gömöri technique, tumor stroma architecture (TC) with Goldner’s trichrome, and vascular network 
(VN) architecture with cluster of differentiation 34 (CD34) immunomarker. Images were binarized with variable user-defined empiric 
threshold for Goldner’s trichrome staining and CD34 immunostaining and k-nearest neighbor approach for GÖ staining. The FD was 
computed for each binary image using a box-counting algorithm. The three computed values were used for clustering and classification, k-
nearest neighbor proving to be a good choice with a classification rate, due to the irregular distribution of cases in different patterns. Values 
tending to “1” had the meaning of a more “Linear type” distribution and values tending to “2” had the meaning of a more “Area type” 
distribution. Results: Tumor cells architecture had a more ordered smooth ascending trend towards “area-like” type of distribution (with 
FD>1.5) in Srigley system than in Gleason system. Tumor stroma architecture had almost the same type of distribution – between “linear-
like” and “area-like” (FD~1.5) – in both grading systems. VN architecture had a more “linear-like” type of distribution (FD<1.5), with a 
descending trend towards high-grade patterns in both systems. Tumor cells architecture had a direct correlation with tumor stroma 
architecture and VN architecture (p-value of Pearson’s test <0.001), while tumor stroma architecture and VN architecture proved no 
correlation (p-value of Pearson’s test >0.05), irrespective of grading pattern. Conclusions: Tumor cell population is remodeling and 
adapting TC and VN in the same way its architectural disposal evolves. TC and VN develop independently of each other, the former 
towards “Area type” and the latter towards “Linear type” of architectural disposal as the degree of differentiation is decreasing. FD analysis 
proved that Srigley system is more accurate in grading PA than Gleason system. 
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 Introduction 

In 1966, Dr. Donald Gleason developed the prostate 
adenocarcinoma (PA) evaluation system starting from 
architectural patterns of PA seen on Hematoxylin–Eosin 
(H–E) sections, and not from cellular histopathological 
features and analyzing their correlation with clinical data, 
such as staging and prognosis. The system defines five 
histological patterns/grades, in which the Gleason 1 pattern 
represents the stage with the best-differentiated appea-
rance, and is correlated with the most favorable prognosis, 
while the Gleason 5 pattern is the stage with the least 
differentiated appearance and is associated with a very 
poor prognosis. Further, Dr. Donald Gleason defined the 
Gleason score as many PAs harbored two or more growth 
patterns, which was shown to even better correlate with 

the general aspect and biological behavior of PA [1–8]. 
In 2004, John Srigley, starting from the reality of the 

great heterogeneity of the PA features that could easily 
create confusion at the time of diagnosis with many other 
pathological processes, also proposed a simpler system of 
dividing the tumor architectural aspects that groups the 
wide range of patterns described by Gleason [9]. Thus, he 
groups the nine Gleason patterns in four main architec-
tural categories for a better achievement of differential 
diagnosis. In spite of its simplicity, however, this system 
did not have a significant impact on practitioners who 
continued to use the Gleason system in current practice. 

Morphological changes at the epithelial level, consisting 
of the loss of normal tissue architecture, nuclear atypia and 
genetic changes [10] are accompanied by the following 
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fundamental morphological changes of the reactive 
stroma of prostate malignant tissue: significant decrease 
or disappearance of smooth muscle cells as the cancer 
progresses, myofibroblast and fibroblast proliferation, proper 
extracellular matrix (ECM) amplification, angiogenesis 
amplification and genetic modifications. 

In each microscopic image, there are several compart-
ments of information, for each of them existing specific 
methods of identification and a set of parameters that 
can be assessed [11]. 

Image analysis represents the extraction of useful 
information from microscopic images, usually acquired 
using a video camera or histological slide scanner [12]. 

The applications of image analysis in pathology, 
both in the research area and in the diagnostic area, are 
extremely numerous and varied: cell counting, mitosis 
detection, area detection and measurement, cancer/tissue 
segmentation through deep learning methods, color 
thresholding, edge detection, or color/texture based, 
morphometry (measuring the circularity, shape, volume, 
size, area and perimeter of objects), colocalization (looking 
for color signals that are close to one another), object 
tracking, volumetric processing of three-dimensional (3D) 
images, etc. [13–23]. 

A fractal is a geometrical shape, where the reduced 
copy of the original structure exhibits an approximately 
similar behavior as its origin, when examined at different 
scales. This feature is called self-similarity. It could be 
defined also as a mathematical object with a fractional 
(non-integer) dimension [24–26]. 

There are two categories of fractals [26–28]: 
▪ Fractals formed from sub-parts that resemble the 

whole object exactly, named self-exact fractals; 
▪ Fractals where self-similarity can be found statistically 

distributed over the structures in different scales, named 
random fractals. 

Fractal dimension (FD) is the statistical quantity used 
to compute the visibility of the self-similarity. It is a useful 
parameter for the characterization of complex, irregular 
structures through mathematical analysis, which can denote 
those figures that resemble themselves when examined 
on different size scales [28, 29]. 

The fractal perspective used to characterize random 
fractals is known as multifractal and the measure introduced 
for random structures is named multi-FD [27, 28]. 

The notion of a dimension other than the familiar, 
integer possibilities of 1 for a curve, 2 for a surface, and 
3 for a solid may seem bizarre, but the extension is quite 
natural [30]. 

Fractals in nature are not self-similar, in other words, 
they are mainly random, without high levels of symmetry 
[26, 28]. Natural objects can be, however, called “fractals” 
if they are statistically similar to themselves on magnifi-
cation over a finite range of length scales [30]. 

The introduction of fractal geometry to natural sciences 
in the 1980’s represented a breakthrough since it provided 
objectivity in the analysis of complex data, allowing 
quantitative measurements, comparisons and statistical 
analyses and, consequently, replacing human subjectivity 
[26]. 

FD analysis has begun to be used in many medical 
specialties, such as cardiology, neurology, ophthalmology 

and radiology because computer-based image analysis 
allows a truly quantitative and hopefully reproducible 
approach, becoming a useful tool for experienced 
researchers [30, 31]. 

Both dynamics and geometry of the interacting cellular 
systems, are of fractal nature and are coupled to each 
other [32] so that pathology was not avoided either, 
testimony being a few very eloquent reviews of specialty 
literature since the 1990s [33–36]. 

In male urogenital pathology, FD analysis was used 
both in the study of prostate tumor tissue [26, 29, 37–44] 
and of the vascular network (VN) in prostate parenchyma 
and prostate tumors [45, 46]. 

This study is part of a larger project dedicated to 
prostate cancer morphology, at first focused mainly on 
the classical morphometric analysis of the behavior of 
different components of the tumor stroma an their 
interrelationship [47–49]. More recently, we introduced 
also in the investigation arsenal of tumor stroma compo-
nents what we considered as a more objective assessing 
tool, namely the FD [50–53]. 

The aim of the study is to extend the assessment, 
using the FD analysis, to the different main constitutive 
elements of tumor architecture in correlation with two 
different grading systems of PA. 

 Patients, Materials and Methods 

The basis of this study consisted of a group of 83 
patients hospitalized with the diagnosis of prostate carci-
noma, who underwent radical prostatectomy. 

The studied material consisted of 453 fields with 
different architectural patterns coming from tissue frag-
ments of prostate parenchyma obtained from radical 
prostatectomy specimens and included in paraffin. 

The study was prospective because it included only 
patients diagnosed with prostate carcinoma after its start 
and its main objective was the evaluation of tumor archi-
tecture components in relation with different grading 
systems using FD. 

The features of tumor architecture were evaluated 
separately and subdivided into subgroups using two 
systems for staging the degree of tumor differentiation, 
namely: the Gleason system, modified by us by redefi-
nition of pattern 4 subtypes and the Srigley system 
(Table 1 and Figure 1). 

The human biological material represented by the 
prostate tissue fragments was subjected to classical histo-
logical processing techniques. 

From the obtained paraffin blocks, four sections were 
made with a thickness of 3–4 μm. 

Table 1 – Correspondence between Srigley patterns and 
modified Gleason patterns (Srigley, 2004 [9], modified) 

Srigley system 

Pattern Description 
Corresponding Gleason  

patterns modified 

I Small glands 1, 2, 3B 

II Large glands 3A, 3C, 5A 

III Fused glands 4FU, 4CR, 4MUC 

IV Solid 5B (Sheets, cords, single cells) 

The set of investigated parameters included: 
▪ Tumor cell population architecture; 
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▪ The architecture of the stromal support structure; 
▪ The architecture of the VN. 

 
Figure 1 – Correspondence diagram between Srigley 
patterns and modified Gleason patterns (Srigley, 2004 
[9], modified). 

The first section was stained using H–E. After that, 
between one and five regions of interest (ROIs) containing 
areas of compact tumor proliferation, without necrosis, 

containing a distinct architectural pattern from Gleason’s 
classification [1, 2] modified by us and then converted 
also to Srigley’s system [9] (Table 1 and Figure 1) were 
selected and marked off on the slide using a marker pen 
(Figure 2, H–E, up-right). The other three serial sections 
were stained in each case according to the algorithm 
presented in Table 2. 

Table 2 – Staining algorithm used for the assessment 
of tumor architecture 

Section Staining Aim 

S 1 H–E 
Establishing  
Gleason/Srigley patterns 

S 2 
Silver impregnation 
(Gömöri method) 

Assessment of  
tumor architecture (GÖ) 

S 3 Goldner’s trichrome 
Assessment of  
stromal architecture (TC) 

S 4 
CD34  
immunostaining 

Assessment of  
vascular architecture (VN) 

H–E: Hematoxylin–Eosin; GÖ: Gömöri; TC: Goldner’s trichrome; CD34: 
Cluster of differentiation 34; VN: Vascular network. 

All histological specimens were transformed into 
virtual slides with a Leica Aperio AT2 scanner, using the 
×20 objective. Acquisition, processing and morphometric 
determinations were done using specialized software Aperio 
ImageScope [v12.3.2.8013] (Figure 2), ACDSee 4.0, 
and a morphometry module designed in the MATLAB 
(Mathworks) program. 

 
Figure 2 – The selection and registration of regions of interest from virtual slides on the three stainings using Aperio 
ImageScope [v12.3.2.8013] software. H–E: Hematoxylin–Eosin staining; CD34: Cluster of differentiation 34 staining 
(for vascular network); TC: Goldner’s trichrome staining (for stromal component); GÖ: Gömöri staining (for tumor 
cell architecture). 

Starting from the H–E stained guidance slide, each 
ROI was identified on the other three serial stainings 
(Figure 2, TC, CD34 and GÖ). From each ROI a square 
field containing the same area of tumor tissue with 
dimensions of 512/512 pixels, in order to optimize the FD 
computing algorithm, was extracted. FD determination 
for the three components of the tumor architecture was 

performed using algorithms that were designed in the 
MATLAB program (MathWorks, USA). 

The process of computerized image evaluation went 
through two stages: 

[I] Processing of the images which consisted of two 
steps: (i) segmentation and (ii) binarization; 

[II] Calculation of binary images FD. 
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Images were binarized using: 
▪ A variable user-defined empiric threshold for Gömöri 

(GÖ) staining and cluster of differentiation 34 (CD34 – 
VN) immunostaining techniques; 

▪ A k-nearest neighbor approach for Goldner’s trichrome 
(TC) staining [53]. 

Two box-counting algorithms were tested for FD 
estimation. Reporting was done using the first of them 
(Figure 3). 

 
Figure 3 – Box-counting algorithm used for FD 
estimation. FD: Fractal dimension. 

FD values varied between “1” and “2” were: 
▪ tending to “1” had the meaning of a more “Linear 

type” distribution; 
▪ tending to “2” had the meaning of a more “Area 

type” distribution. 
FD computed values of each staining were used for 

clustering, classification and comparison between the 
three studied parameters. 

For data collection, “database” files were created in 
the computer. Preliminary data processing was performed 
using the Microsoft Excel module from the Microsoft 
Office 2010 Professional software package. 

The statistical indicators calculated for the numerical 
parameters were: the lowest value (VMIN); the highest 
value (VMAX); the mean value (AV); standard deviation 
(STDEV), dispersion range (DR = VMAX–VMIN) and 
the concentration range of most values [CR = (STDEV 
+AV) – (STDEV–AV)]. 

In order to be able to perform the statistical analysis 
of the numerical values, it was first necessary to evaluate 
the normality of the numerical data ranges of each 
parameter using the Lilliefors test (Table 3). 

The statistical evaluation had two directions: 
[I] Comparison of the difference between the AV of 

the studied parameters that used the following tests: 
For normal (N) distributed series of values: the t-test 

(two-sample assuming equal variances) and the one-way 
Analysis of Variance (ANOVA) – single factor test. 

For not normal (NN) distributed series of values: the 
Mann–Whitney/two-tailed test and the Kruskal–Wallis 
test. 

[II] Measurement of the intensity and direction of 
the association between the values of two of the studied 
parameters that used the Pearson’s correlation test. 

Table 3 – Types of FD value series for the three types 
of tumor architecture according to Gleason and Srigley 
patterns/subtypes 

 
FD: Fractal dimension; GÖ: Gömöri; TC: Goldner’s trichrome; VN: 
Vascular network; N: Normal distribution; NN: Not normal distribution. 

Diagrams (graphs) illustrating evolution trends of 
different assessed parameters, as well as statistical compa-
risons between them have been done using the “Graph” tool 
from Word and Excel modules of the Microsoft Office 
2010, 2013 and 2016 Professional software packages,  
as well as the XLSTAT 2014 “add on” program for the 
Excel module, trial version. 

 Results 

Tumor cell architecture 

Gleason system 

The arrangement pattern of tumor cells (Figure 4) had 
a significant variability. DRs of different Gleason subtypes 
were extremely different. Cribriform subtypes (3C and 
4CR) but also the most poorly differentiated subtype 
(5B) had the largest ranges of FD values and the lowest 
VMINs, going even to the value of “1” in 4CR subtype. 
5B pattern had also the highest VMAX (Figure 5, upper 
side-left). There was also a great variability of CRs. Thus, 
CR had a reduced weight within DR in patterns 4CR, 4FU 
and 3A, meaning a better grouping of FD values around 
AV. Instead, in patterns 4MUC and 5A CR had the largest 
weight within DR, meaning a greater dispersion of FD 
values around AV (Figure 5, lower side-left). 

Overall, the general trend was fluctuating around the 
intermediate arrangement pattern (between “Linear type” 
and “Area type”). 

The trend of disposal towards the “Linear type” was 
most highly expressed in pattern 5A, while the trend  
of disposal towards the “Area type” was most obviously 
expressed in patterns 3B, 4FU and 5B (Figure 6, left side). 
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Srigley system 

The arrangement pattern of tumor cells showed a 
more ordered appearance in this system, with the outline 
of an evolving trend of the architectural arrangement 
pattern towards the “Area type”. This trend was obvious 
to VMAX values, superior and inferior limits of CR and 
AV values (Figure 5, upper side-right). CR was somehow 
stable, with a reduced weight within DR, going from 
30% in pattern 3 to less than 50% in pattern 4 (Figure 5, 
lower side-right). 

The only significant variation was that of VMIN, 
which has evolved inversely to the others, decreasing 
dramatically from pattern 1 to pattern 3 and then coming 
back towards pattern 4. It thus led to an increase of DR 
values (Figure 5, upper side-right), with the consequent 
above-mentioned reduction of CR weight within DR 
(Figure 5, lower side-right). 

This ascending trend towards “Area type” pattern 
from better-differentiated patterns to the most poorly 
differentiated pattern is best expressed by the FD AVs 
evolution (Figure 6, right side). 

 
Figure 4 – Determination of tumor cell architecture FD value on Gömöri (GÖ)-stained ROIs. FD: Fractal dimension; 
ROIs: Regions of interest. 

 
Figure 5 – Diagrams of tumor cell architecture (GÖ) FD variability in Gleason (GL) system (left side) and Srigley 
system (right side). GÖ: Gömöri; FD: Fractal dimension; CR: Concentration range; DR: Dispersion range. 
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Figure 6 – Diagrams of tumor cell architecture (GÖ) FD mean values in Gleason (GL) system (left side) and Srigley 
(SG) system (right side) subtypes. GÖ: Gömöri; FD: Fractal dimension. 

Tumor stroma architecture 

Gleason system 

The arrangement pattern of tumor stroma components 
(Figure 7) had also many aspects of variability. VMAX 
values had a smoothly descending trend from well-
differentiated patterns to poorly differentiated patterns, 
with the highest value in pattern 2. VMIN values were 
extremely variable from one pattern to the other, 
influencing decisively the DRs amplitude. Thus, pattern 
4 subtypes (4CR, 4FU and 4MUC) had the largest 
dispersion of FD values and the lowest VMINs, going 
even to the value of “1” in 4CR subtype, while patterns 
3C and 5A had the lowest dispersion of FD values 
(Figure 8, upper side-left). 

Superior limit of CRs was almost stable around the 
value of “1.6”, while the inferior limit of CRs fluctuated 

from one pattern to another, thus determining a significant 
variability of CR from the lowest value in pattern 5A to the 
highest value in pattern 4CR (Figure 8, upper side-left). 

CR had a reduced weight within DR, meaning a better 
grouping of FD values around AV, in patterns with large 
DR and CR values (4FU and 4CR) and the largest weight 
within DR, meaning a greater dispersion of FD values 
around AV, in the pattern 5A, with the lowest DR and 
CR values (Figure 8, lower side-left). 

Overall, the general trend was somehow stable around 
the intermediate arrangement pattern (between “Linear 
type” and “Area type”). 

The trend of disposal towards the “Linear type” was 
smoothly expressed in patterns 4CR and 4MUC, while 
the trend of disposal towards the “Area type” was most 
obviously expressed in patterns 5B and 5A (Figure 9, 
left side). 

 
Figure 7 – Determination of tumor stroma architecture FD value on Goldner’s trichrome (TC)-stained ROIs. FD: 
Fractal dimension; ROIs: Regions of interest. 

Srigley system 

The arrangement pattern of tumor stroma showed also 
a more ordered appearance in this system. 

The smoothly descending trend of VMAX from well-
differentiated pattern to poorly differentiated pattern was 
clearer. The VMIN variability was also more evident, with 
the lowest value in pattern 3 (corresponding to two main 
subtypes of Gleason pattern 4), and influenced DR 

amplitude that was the largest in pattern 3 and the 
lowest in pattern 4. 

Superior and inferior limits of CR had an almost stable 
trend, the former just above and the latter just below the 
threshold of intermediate type of architectural arrangement 
of “1.5” (Figure 8, upper side-right). CR weight had also 
a clearer ascending trend, from better differentiated patterns 
(1 and 2) towards poorly differentiated pattern 4 with a 
“gap” in pattern 3 (Figure 8, lower side-right). 
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Figure 8 – Diagrams of tumor stroma architecture (TC) FD variability in Gleason (GL) system (left side) and Srigley 
system (right side). TC: Goldner’s trichrome; FD: Fractal dimension; CR: Concentration range; DR: Dispersion range. 

Overall, the general trend was rather more stable around 
the intermediate arrangement threshold of “1.5”, with a 
smooth trend towards “Area type” arrangement in the 

most poorly differentiated pattern. This trend is best 
highlighted by the evolution of AVs of the FD (Figure 9, 
right side). 

 
Figure 9 – Diagrams of tumor stroma architecture (TC) FD mean values in Gleason (GL) system (left side) and Srigley 
(SG) system (right side) subtypes. TC: Goldner’s trichrome; FD: Fractal dimension. 

Vascular network 

Gleason system 

The arrangement pattern of VN (Figure 10) revealed 
above all that, excepting VMAX values and pattern 3C 
and 4FU superior limits of CR, most FD values were 
lower than the threshold value of the intermediate pattern 
of architectural arrangement of “1.5”. Both VMAX and 
VMIN values varied widely, with a consequent variety 
of DRs, from the lowest in pattern 4MUC to the highest 
in pattern 4FU. Superior limit and inferior limit of CR, 
revealed the same situation, determining consequently a 
significant variability of CRs, from the lowest in pattern 
4MUC to the highest in pattern 5A (Figure 11, upper 
side-left). 

In the case of the VN, FD values were more grouped, 
two-thirds of the patterns having a CR weight within the 

DR higher than 50%. The most grouped values within the 
DR were in pattern 4FU and the most dispersed values 
within the DR were in pattern 5A (Figure 11, lower side-left). 

AV values express more clearly both the general 
tendency of “Linear type” arrangement of the VN and the 
oscillating trend of VN FD. The “Linear type” arrange-
ment is most obvious in the most poorly differentiated 
patterns (5A and 5B) and less evident in better-
differentiated patterns 3C and 3B (Figure 12, left side). 

Overall, the general trend of VN arrangement is a 
descending one to the clear “Linear type” from better-
differentiated patterns to poorly differentiated patterns. 

Srigley system 

The arrangement pattern of VN showed also a more 
ordered appearance in this system with different aspects 
compared to the Gleason system. 
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Figure 10 – Determination of vascular network (VN) architecture FD value on CD34-immunomarked ROIs. FD: Fractal 
dimension; CD34: Cluster of differentiation 34; ROIs: Regions of interest. 

Thus, VMIN were in all patterns equal to “1”, while 
VMAX varied significantly always above the “1.5” threshold 
and imposed consequently the variability of DRs. 

Superior limit and inferior limit of CR varied slightly, 
both always below the “1.5” threshold and determined 
similar CRs (Figure 11, upper side-right). 

CR weight within the DR varied from 40% in pattern 3, 
meaning a more grouped series of values to 60% in 
pattern 4, meaning a more dispersed series of values 
(Figure 11, lower side-right). 

AV values expressed initially a slightly ascending trend 
from well-differentiated pattern 1 to less differentiated 
pattern 3 to return to values close to the bottom line of 
“1” towards the most poorly differentiated pattern 4 
(Figure 12, right side). 

Overall, the general trend of VN arrangement is as 
obvious as in the Gleason system a slightly descending 
one to the clear “Linear type” from better-differentiated 
patterns to poorly differentiated patterns. 
 

 
Figure 11 – Diagrams of vascular network (VN) architecture FD variability in Gleason (GL) system (left side) and 
Srigley system (right side). FD: Fractal dimension; CR: Concentration range; DR: Dispersion range. 



The study of tumor architecture components in prostate adenocarcinoma using fractal dimension analysis 

 

509
 

 
Figure 12 – Diagrams of vascular network (VN) architecture FD mean values in Gleason (GL) system (left side) and 
Srigley (SG) system (right side) subtypes. FD: Fractal dimension. 

 Discussions 

The main approach in the study of prostatic malignant 
epithelial neoplasia using the FD was centered around 
the detection and then the arrangement analysis of tumor 
cells nuclei in order to try to define classification scales 
that can be traced more precisely on the evolution of the 
degree of differentiation [37, 38, 40, 42–44]. Few studies 
in the literature we had access to were focused on the 
geometric model of tumor structure as a whole [29, 39, 
54]. For VN architecture, there were only two studies: 
both focused on comparison between VNs in tumor and 
peritumoral/non-tumor normal tissues [45, 46]. 

Our approach was somehow more complex but daring 
in the same time. Thus, in the first step, we “split” the 
tumor as a whole using different staining techniques, into 
three individual compartments: tumor cell population with 
its own arrangement, tumor-supporting stroma with its 
individual arrangement and intratumoral VN with its 
particular arrangement. Each of these compartments were 
assessed using FD individually, after their extraction from 
the whole tumor image by segmentation and binarization 
using the most appropriate mathematic instrument for 
each staining technique. 

The next step, which represents an new approach that 
we did not find in the literature, will be the discussion of 
the comparison of FD profiles of each tumor component 
between them and in relation to the two grading systems, 
one of which (Gleason) is the most used in medical practice. 

Tumor cell architecture – Tumor stroma 
architecture 

Differences between FD AVs 

In Gleason system, the comparison of FD AVs series 
of values of the two tumor architecture components showed 
for almost all architectural subtypes described by Gleason 
significant differences statistically validated by the highly 
significant or very highly significant p computed values 
of the comparing used tests. There were, however, two 
exceptions, namely, pattern 4CR and 4MUC, where the 
statistical tests applied validated the FD AVs of the of 
the two architectural components analyzed as equals 
(Table 4, left). 

In Srigley system, in turn, the comparison of FD AVs 
series of values of the two tumor architecture components 
showed, for the architectural subtypes described by Srigley, 
notable differences that were statistically validated by the 
very highly significant p computed values of the comparing 
used tests (Table 4, right). 

Table 4 – p-values of comparison tests of FD AV 
values of GÖ and TC in patterns of the two systems 

Gleason 
pattern 

GÖ FD – TC FD 
p-values 

Srigley 
pattern 

GL 2 (1) p=0.0005 

GL 3B (1) p<0.0001 
(1) p<0.0001 SG 1 

GL 3A (1) p<0.0001 

GL 3C (1) p=0.012 

GL 5A (1) p=0.029 

(2) p<0.0001 SG 2 

GL 4CR (2) p=0.207 

GL 4FU (1) p<0.0001 

GL 4MUC (1) p=0.073 

(2) p<0.0001 SG 3 

GL 5B (2) p<0.0001 (2) p<0.0001 SG 4 

FD: Fractal dimension; AV: Mean value; GÖ: Gömöri (tumor cell 
architecture); TC: Goldner’s trichrome (tumor stroma architecture);  
(1) t-test/two-tailed test; (2) Mann–Whitney test/two-tailed test. 

Correlations between FD AVs 

In Gleason system (Figure 13, left), there are some 
particular aspects: 

Subtype 5A has a special profile, namely the tumor 
cell architecture tends towards the “Linear type” of 
arrangement, while the tumor stromal architecture tends 
towards the “Area type” of arrangement. 

Subtype 4CR, due to the very close FD AV values of 
both architectural parameters to “1.5” threshold, presents, 
for both parameters, an “Intermediate type” of arrangement. 

All the other subtypes show a tendency towards the 
“Area type” of arrangement for tumor cell architecture that 
was either more discrete (2, 4MUC and 3C) or more 
pronounced (3A, 3B, 4FU and 5B). Those in the first 
group showed a discrete tendency of arrangement of the 
tumor stromal architecture towards the “Linear type”. 
Those in the second group showed a discrete tendency of 
arrangement of the tumor stromal architecture towards 
the “Area type”. 

In Srigley system (Figure 13, right), in turn, the 
situation is simpler and clearer: All patterns express a 
clear tendency of the tumor cell architecture towards the 
“Area type” of arrangement. 

Patterns 1, 2 and 3 express a clear tendency towards 
the “Intermediate type” of arrangement for the tumor 
stromal architecture. 

Pattern 4 (the equivalent of the Gleason 5B subtype) 
occupies a particular position, with the most pronounced 
tendency towards the “Area type” of arrangement for 
the tumor cell architecture and a clear tendency towards 
the “Area type” of arrangement for the tumor stromal 
architecture. 
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Figure 13 – Correlations between patterns FD AV values of GÖ and TC in both grading systems. FD: Fractal dimension; 
AV: Mean value; GÖ: Gömöri (tumor cell architecture); TC: Goldner’s trichrome (tumor stroma architecture). 

Regarding the mutual influences between the FD 
AVs, in Gleason system (Table 5 and Figure 14), FD 
AVs of GÖ and TC expressed, in the subtypes 2, 3A, 3B 
and 4CR, a clear trend of direct correlation, statistically 
validated (p computed value of Pearson’s test was signifi-
cant or highly significant). In other words, the architectural 
arrangements of GÖ and TC evolve simultaneously towards 
either the “Area type” or the “Linear type”. 

In subtype 4FU, FD AVs of GÖ and TC expressed a 
discrete tendency of direct correlation (p computed value 
of Pearson’s test was 0.086). 

In subtypes 3C, 5A and 5B, FD AVs of GÖ and TC 
expressed a very slight tendency of inverse correlation 
[p computed value of Pearson’s test was >0.05 and 
correlation matrix (CM) had negative value]. In other 
words, the architectural arrangements of GÖ and TC tend 
to evolve divergently, one towards the “Area type” and 
the other towards the “Linear type” and vice versa. 

Table 5 – p-values of Pearson’s test of FD AV values 
of GÖ and TC in patterns of the two systems 

Gleason 
pattern 

GÖ FD – TC FD 
Srigley 
pattern 

GL 2 0.029 (CM = 0.291) 

GL 3B 0.034 (CM = 0.287) 
0.001  

(CM = 0.308) 
SG 1 

GL 3A 0.018 (CM = 0.270) 

GL 3C 0.287 (CM = -0.216) 

GL 5A 0.904 (CM = -0.056) 

0.563 
(CM = 0.0549)

SG 2 

GL 4CR 0.001 (CM = 0.392) 

GL 4FU 0.086 (CM = 0.167) 

GL 4MUC 0.437 (CM = 0.236) 

<0.0001  
(CM = 0.340) 

SG 3 

GL 5B 0.840 (CM = -0.039) 
0.840  

(CM = -0.039) 
SG 4 

FD: Fractal dimension; AV: Mean value; GÖ: Gömöri (tumor cell 
architecture); TC: Goldner’s trichrome (tumor stroma architecture); 
CM: Correlation matrix (Pearson). 

In the 4MUC subtype, FD AVs of GÖ and TC did not 
express any correlation tendency. In other words, their 
architectural arrangements evolve independently. 

In the Srigley system (Table 5 and Figure 14), in 
pattern 1 but especially in the pattern 3, the FD AVs of GÖ 
and TC expressed a clear tendency of direct correlation, 
statistically validated (p computed value of Pearson’s 
test was highly significant and very highly significant). 
In other words, the architectural arrangements of GÖ 
and TC evolve simultaneously towards either the “Area 
type” or the “Linear type”. 

In pattern 4, the FD AVs of GÖ and TC expressed a 
very slight inverse correlation trend (p computed value of 
Pearson’s test was >0.05 and CM had negative value). 

In other words, the architectural arrangements of GÖ and 
TC tend to evolve divergently, one towards the “Area type” 
and the other towards the “Linear type” model and vice 
versa. 

In pattern 2, the FD AVs of GÖ and TC did not express 
any correlation tendency. In other words, the architectural 
arrangements of GÖ and TC evolve independently. 

Tumor cell architecture – Vascular network 
architecture 

Differences between FD AVs 

The comparison of FD AVs series of values of the 
two tumor architecture components showed this time 
significant differences statistically validated by the very 
highly significant p computed values of the comparing 
used tests for all architectural subtypes of both Gleason 
and Srigley systems (Table 6). 

Table 6 – p-values of comparison tests of FD AV 
values of GÖ and VN in patterns of the two systems 

Gleason 
pattern 

GÖ FD – VN FD 
p-values 

Srigley 
pattern 

GL 2 (1) p<0.0001 

GL 3B (1) p<0.0001 
(2) p<0.0001 SG 1 

GL 3A (2) p<0.0001 

GL 3C (1) p<0.0001 

GL 5A (1) p=0.014 

(2) p<0.0001 SG 2 

GL 4CR (2) p<0.0001 

GL 4FU (2) p<0.0001 

GL 4MUC (1) p<0.0001 

(2) p<0.0001 SG 3 

GL 5B (2) p<0.0001 (2) p<0.0001 SG 4 

FD: Fractal dimension; AV: Mean value; GÖ: Gömöri (tumor cell 
architecture); VN: Vascular network architecture; (1) t-test/two-tailed 
test; (2) Mann–Whitney test/two-tailed test. 

Correlations between FD AVs 

In Gleason system (Figure 15, left), the particular 
aspects revealed by the comparison between the FD AVs 
of GÖ and VN are the following: 

All the subtypes show an arrangement trend of the 
intratumoral vascular architecture towards a “Linear type”, 
either more discrete (3C, 3B, 4CR, 4FU) or more 
pronounced (3A, 4MUC, 2, 5B, 5A). 

Subtype 5A showed the most pronounced arrangement 
trend towards a “Linear type”, for both intratumoral VN 
architecture and the tumor cell architecture (GÖ). 

In subtype 4CR, the trend towards a “Linear type” 
arrangement of VN was coupled with an “Intermediate 
type” arrangement of GÖ. 
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In Srigley system, again, the correlation between 
GÖ and VN FD AVs is expressed simply and clearly. 

As in Gleason system, all the patterns express a more 
or less pronounced tendency towards “Linear type” of 
arrangement for the architecture of the VN. 

Patterns 1, 2 and 3 express, as we have shown, almost 
the same clear tendency towards the “Area type” arrange-
ment for tumor cell architecture but an increasing trend 
from type 3 to type 1 of “Linear type” distribution for 
the VN architecture. 

 
Figure 14 – Correlations between individual FD AV values of GÖ and TC in both grading systems. FD: Fractal dimension; 
AV: Mean value; GÖ: Gömöri (tumor cell architecture); TC: Goldner’s trichrome (tumor stroma architecture). 
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Figure 15 – Correlations between patterns FD AV values of GÖ and VN in both grading systems. FD: Fractal dimension; 
AV: Mean value; GÖ: Gömöri (tumor cell architecture); VN: Vascular network architecture. 

Pattern 4 occupies a special position, with the most 
pronounced tendency towards the “Linear type” of 
arrangement for the VN architecture but also with an 
obvious tendency towards the “Area type” for the stromal 
tumor architecture (TC) (Figure 15, right). 

Regarding the mutual influences between the FD 
AVs, in Gleason system (Table 7 and Figure 16), FD AVs 
of GÖ and VN expressed, in the subtypes 4CR and 4MUC, 
a clear trend of direct correlation, statistically validated 
(p computed value of Pearson’s test was significant or 
highly significant). In other words, the architectural 
arrangements of GÖ and VN evolve simultaneously 
towards either “Area type” or the “Linear type”. 

Table 7 – p-values of Pearson’s test of FD AV values 
of GÖ and VN in patterns of Gleason and Srigley 
systems 

Gleason 
pattern 

GÖ FD – VN FD 
Srigley 
pattern 

GL 2 0.061 (CM = 0.251) 

GL 3B 0.844 (CM = 0.027) 
0.002  

(CM = 0.285) 
SG 1 

GL 3A 0.739 (CM = -0.038) 

GL 3C 0.130 (CM = 0.304) 

GL 5A 0.944 (CM = 0.032) 

0.514  
(CM = 0.061) 

SG 2 

GL 4CR <0.0001 (CM = 0.523) 

GL 4FU 0.931 (CM = 0.008) 

GL 4MUC 0.049 (CM = 0.554) 

0.007  
(CM = 0.199) 

SG 3 

GL 5B 0.297 (CM = 0.200) 
0.297  

(CM = 0.200) 
SG 4 

FD: Fractal dimension; AV: Mean value; GÖ: Gömöri (tumor cell 
architecture); VN: Vascular network architecture; CM: Correlation matrix 
(Pearson). 

In subtype 3A, FD AVs of GÖ and VN expressed a 
very discreet tendency of inverse correlation (p computed 
value of Pearson’s test was >0.05 and CM had negative 
value). In other words, the architectural arrangements of 
GÖ and VN have a tendency to evolve divergently, one 
towards “Area type” and the other towards “Linear type” 
and vice versa. 

In subtypes 3C and 5B, FD AVs of GÖ and VN 
expressed a vague tendency of direct correlation (p computed 
value of Pearson’s test was >0.05 but <0.5). In other words, 
the architectural arrangements of GÖ and VN tend to 
evolve simultaneously towards either the “Area type” or 
the “Linear type”. 

In the 3B, 4FU and 5A subtypes, FD AVs of GÖ and 
VN did not express any correlation tendency. In other 
words, the architectural arrangements of GÖ and VN 
evolve independently. 

In the Srigley system (Table 7 and Figure 16), in 
patterns 1 and 3, FD AVs of GÖ and VN expressed a clear 
trend direct correlation, statistically validated (p computed 
value of Pearson’s test was highly significant). In other 
words, the architectural arrangements of GÖ and VN 
evolve simultaneously towards either the “Area type” or 
the “Linear type”. 

In the patterns 2 and 4, the FD AVs of GÖ and VN 
expressed a vague trend of direct correlation (p computed 
value of Pearson’s test was >0.05 but <0.5). In other 
words, the architectural arrangements of GÖ and VN tend 
to evolve simultaneously towards either the “Area type” 
or the “Linear type”. 

Tumor stroma architecture – Vascular 
network architecture 

Differences between FD AVs 

The comparison of FD AVs series of values of the TC 
and VN showed also significant differences statistically 
validated by the very highly significant p computed values 
of the comparing used tests for all architectural subtypes 
of both Gleason and Srigley systems (Table 8). 

Table 8 – p-values of comparison tests of FD AV values 
of TC and VN in patterns of Gleason and Srigley 
systems 

Gleason 
pattern 

TC FD – VN FD 
p-values 

Srigley 
pattern 

GL 2 (1) p<0.0001 

GL 3B (1) p<0.0001 
(2) p<0.0001 SG 1 

GL 3A (2) p<0.0001 

GL 3C (1) p=0.002 

GL 5A (1) p=0.003 

(2) p<0.0001 SG 2 

GL 4CR (2) p<0.0001 

GL 4FU (2) p<0.0001 

GL 4MUC (1) p<0.0001 

(2) p<0.0001 SG 3 

GL 5B (2) p<0.0001 (2) p<0.0001 SG 4 

FD: Fractal dimension; AV: Mean value; TC: Goldner’s trichrome 
(tumor stroma architecture); VN: Vascular network architecture; (1) 
t-test/two-tailed test; (2) Mann–Whitney test/two-tailed test. 

Correlations between FD AVs 

In Gleason system, the comparison between the FD 
AVs of TC and VN revealed the following particular 
aspects (Figure 17, left): all the subtypes have, as we have 
shown, a tendency of disposition of the intratumoral 
vascular architecture on a linear type, which was either 
more discrete (3C, 3B, 4CR, 4FU) or more pronounced 
(3A, 4MUC, 2, 5B). 
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Subtypes 5B and especially 5A show a more 
pronounced pattern of disposition of the tumor stromal 
architecture on an area type. 

Subtypes 3A, 3B and to some extent, 4FU and 3C 
show a tendency of intermediate type of disposition of the 
stromal tumor architecture. 

Subtypes 2, 4MUC and 4CR show a more pronounced 
tendency of disposition of the stromal tumor architecture 
on a linear type. 

In Srigley system (Figure 17, right), again, the 
correlation between FD AVs of TC and VN reveal a more 
ordered and clear expression. 

 
Figure 16 – Correlations between individual FD AV values of GÖ and VN in both grading systems. FD: Fractal 
dimension; AV: Mean value; GÖ: Gömöri (tumor cell architecture); VN: Vascular network architecture. 
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Figure 17 – Correlations between patterns FD AV values of TC and VN in both grading systems. FD: Fractal dimension; 
AV: Mean value; TC: Goldner’s trichrome (tumor stroma architecture); VN: Vascular network architecture. 

Patterns 1, 2 and 3 express, as we have shown, an 
obvious tendency towards an “Intermediate type” of 
arrangement for the stromal tumor architecture and  
an increasing tendency towards the “Linear type” of 
distribution from pattern 3 to pattern 1 for the VN 
architecture. 

Pattern 4 occupies a special position, with the most 
pronounced tendency towards the “Linear type” of 
arrangement for the VN architecture but also with an 
obvious tendency towards the “Area type” for the stromal 
tumor architecture. 

Regarding the mutual influences between the FD 
AVs, in Gleason system (Table 9 and Figure 18), FD 
AVs of TC and VN expressed, in subtype 4CR, an 
almost statistically validated direct correlation tendency 
(p computed value of Pearson’s test was 0.055). In other 
words, the architectural arrangements of TC and VN tend 
to evolve simultaneously towards either the “Area type” 
or the “Linear type”. 

In subtypes 2, 4FU and 4MUC, the FD AVs of TC 
and VN expressed a vague tendency of direct correlation 
(p computed value of Pearson’s test was >0.05 but <0.5). 
In other words, the architectural patterns of TC and VN 
tend to evolve simultaneously towards either the “Area 
type” or the “Linear type”. 

In subtypes 3A, 3B, 3C, 5A and 5B, the FD AVs of 
TC and VN expressed a very slight tendency of inverse 
correlation (p computed value of Pearson’s test was 
>0.05 and CM had negative value). In other words, the 
architectural patterns of TC and VN tend to evolve 
divergently, one towards the “Area type” of arrangement 
and the other towards the “Linear type” and vice versa. 

Table 9 – p-values of Pearson’s test of FD AV values 
of TC and VN in patterns of the two systems 

Gleason 
pattern 

TC FD – VN FD 
Srigley 
pattern 

GL 2 0.293 (CM = 0.142) 

GL 3B 0.786 (CM = -0.037) 
0.330  

(CM = 0.093) 
SG 1 

GL 3A 0.646 (CM = -0.053) 

GL 3C 0.351 (CM = -0.190) 

GL 5A 0.750 (CM = -0.148) 

0.336  
(CM = -0.091) 

SG 2 

GL 4CR 0.055 (CM = 0.244) 

GL 4FU 0.528 (CM = 0.061) 

GL 4MUC 0.829 (CM = 0.066) 

0.097  
(CM = 0.123) 

SG 3 

GL 5B 0.632 (CM = -0.092) 
0.632  

(CM = -0.092) 
SG 4 

FD: Fractal dimension; AV: Mean value; TC: Goldner’s trichrome 
(tumor stroma architecture); VN: Vascular network architecture; CM: 
Correlation matrix (Pearson). 

In Srigley system (Table 9 and Figure 18), in patterns 1 
and 3, the FD AVs of TC and VN expressed a vague 
tendency of direct correlation (calculated value of p >0.05 
but <0.5). In other words, the architectural arrangements 
of TC and VN tend to evolve simultaneously towards 
either the “Area type” or the “Linear type”. 

In patterns 2 and 4, the FD AVs of TC and VN 
expressed a very slight inverse correlation tendency  
(p computed value of Pearson’s test was >0.05 and CM 
had negative value). In other words, the architectural 
patterns of TC and VN tend to evolve divergently, one 
towards the “Area type” of arrangement and the other 
towards the “Linear type” and vice versa. 

General correlations 

Comparison between FD AV values 

Comparison of FD AV values of the three components 
of the tumor architecture (GÖ, TC and VN) revealed 
notable differences between the series of values of each 
pattern both in Gleason and Srigley systems (Table 10). 
These differences were statistically validated by the tests 
imposed by the type of normality of each series that was 
mentioned in Table 3. 

Table 10 – p-values of comparison tests of FD AV 
values in patterns of the two systems 

Gleason 
pattern 

GÖ FD – TC FD – VN FD 
Srigley 
pattern 

GL 2 (2) p<0.0001 

GL 3B (2) p<0.0001 
(1) p<0.0001 SG 1 

GL 3A (1) p<0.0001 

GL 3C (2) p<0.0001 

GL 5A (2) p<0.0001 

(1) p<0.0001 SG 2 

GL 4CR (1) p<0.0001 

GL 4FU (2) p<0.0001 

GL 4MUC (2) p<0.0001 

(1) p<0.0001 SG 3 

GL 5B (1) p<0.0001 (1) p<0.0001 SG 4 

FD: Fractal dimension; AV: Mean value; GÖ: Gömöri (tumor cell 
architecture); TC: Goldner’s trichrome (tumor stroma architecture); VN: 
Vascular network architecture; (1) Kruskal–Wallis test; (2) Analysis 
of Variance (ANOVA) test. 

The components of the tumor architecture presented, 
as a whole, two categories of trends in the evolution of 
the arrangement mode expressed by the FDs of each of 
them within the tumor remodeling process: on one hand 
the evolution trends correlated with the degree of tumor 
differentiation and on the other hand, the tendencies of 
mutual influence. 
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Figure 18 – Correlations between individual FD AV values of TC and VN in both grading systems. FD: Fractal 
dimension; AV: Mean value; TC: Goldner’s trichrome (tumor stroma architecture); VN: Vascular network architecture. 

FD AV evolution 

In Gleason system (Figure 19, left): 
▪ FD AV of tumor cell architecture (GÖ) showed a 

stabilizing trend, with a discreetly descending slope from 
well-differentiated patterns towards poorly differentiated 

patterns, against a background of oscillation of these 
values from one subtype to the other. 

▪ FD AV of tumor stroma (TC) showed an obvious 
ascending trend from well-differentiated patterns towards 
poorly differentiated patterns, against a background of 
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attenuated oscillation of these values from one subtype 
to the other. 

▪ FD AV of VN although started from low levels in 
well-differentiated patterns, increased towards moderately 

differentiated patterns and came back towards low levels 
in poorly differentiated patterns, overall showed an obvious 
downward trend from the well differentiated to the poorly 
differentiated patterns. 

 
Figure 19 – Diagrams of the three-tumor architectural components FD AV values evolution. Left – Gleason (GL) 
system; Right – Srigley (SG) system. FD: Fractal dimension; AV: Mean value; GÖ: Gömöri (tumor cell architecture); 
TC: Goldner’s trichrome (tumor stroma architecture); VN: Vascular network architecture. 

In Srigley system (Figure 19, right), probably due 
to the grouping of subtypes of the Gleason system, FD 
AV values of the three components of tumor architecture 
generally showed clearer trends of evolution from the 
well-differentiated towards poorly differentiated patterns. 
There was a notable exception, namely the architecture of 
the tumor cell population, in which the trend was obviously 
ascending, compared to the discrete descending one, 
observed in the Gleason system. 

Overall, the disposition of the tumor cells showed, 
although on an oscillating background, a tendency to 
stabilize more around an “Area type” arrangement of the 
tumor cell population, with a tendency to evolve towards 
this pattern as the degree of differentiation decreases more 
clearly expressed in the Srigley system. 

The stromal arrangement also had the same tendency 
of orientation towards the “Area type” arrangement, but 
lower than in the population of tumor cells, but with  
an expressed tendency to evolve towards “Area type” 
arrangement, as the degree of differentiation decreases 
both in the Gleason system as well in the Srigley system. 

The VN generally showed a tendency of “Linear type” 
arrangement, the FD AV values for each pattern in both 
classifications being less than 1.4. Moreover, this tendency 
has increased from the well differentiated to the poorly 
differentiated patterns. 

Mutual influences between the FD AV 

Pattern profiles 

The correlation diagrams of the three components of 
tumor architecture FD AVs allows to define some archi-
tectural profiles of the different patterns of both grading 
systems. 

In Gleason system (Figure 20, left): 
▪ Pattern 2 shows a discrete tendency of “Area type” 

arrangement for tumor cell architecture, and a more 
pronounced tendency of “Linear type” arrangement for 
tumor stroma architecture and VN. 

▪ Pattern 3 as a whole shows a more pronounced 
tendency of “Area type” arrangement for tumor cell 
architecture, a tendency of “Intermediate type” arrangement 
(between “Area type” and “Linear type”) for tumor stroma 
architecture and a tendency of “Linear type” arrangement 
for VN. 

▪ Pattern 4 as a whole shows a tendency of “Area 
type” arrangement for tumor cell architecture, a discrete 
orientation of tumor stroma architecture arrangement 
towards “Linear type” and an obvious tendency of “Linear 
type” arrangement for tumor stroma architecture and VN. 

▪ Pattern 5 as a whole shows an obvious tendency of 
“Area type” arrangement for tumor cell architecture, a 
discrete tendency of “Area type” arrangement for tumor 
stroma architecture and the most pronounced tendency 
of “Linear type” arrangement for VN. 

In Srigley system (Figure 20, Right): 
▪ Pattern 1 shows the most pronounced tendency of 

“Area type” arrangement for tumor cell architecture 
after pattern 4, and a discrete tendency of “Linear type” 
arrangement for tumor stroma architecture and a moderate 
tendency of “Linear type” arrangement for VN. 

▪ Srigley 2 pattern shows a clear tendency of “Area 
type” arrangement for tumor cell architecture, an obvious 
tendency of “Intermediate type” arrangement (between 
“Area type” and “Linear type”) for tumor stroma 
architecture and a moderate tendency of “Linear type” 
arrangement for VN. 

▪ Pattern 3 shows a clear tendency of “Area type” 
arrangement for tumor cell architecture, a clear tendency 
of “Intermediate type” arrangement (between “Area type” 
and “Linear type”) with a vague orientation towards 
“Linear type” arrangement for tumor stroma architecture 
and the least pronounced tendency of “Linear type” 
arrangement for VN. 

▪ Pattern 4 shows the most pronounced tendency of 
“Area type” arrangement for tumor cell architecture, the 
most pronounced tendency of “Area type” arrangement 
for tumor stroma architecture among all patterns and the 
most pronounced tendency of “Linear type” arrangement 
for VN. 

Direct correlations 

Diagrams of correlations between FD AD of the three 
components of the tumor architecture for the entire series 
of 453 tumor fields revealed that: 

▪ FD AV of tumor cell architecture (GÖ) and tumor 
stroma architecture (TC) expressed a clear trend of direct 
correlation, statistically validated (p computed value of 



The study of tumor architecture components in prostate adenocarcinoma using fractal dimension analysis 

 

517

Pearson’s test was very high significant – Table 11 and 
Figure 21, left). In other words, architectural arrangements 
of GÖ and TC evolve simultaneously either towards 
“Area type” model either towards “Linear type” model. 

▪ FD AV of tumor cell architecture (GÖ) and VN 
architecture expressed also a clear trend of direct 

correlation, statistically validated (p computed value of 
Pearson’s test was very high significant – Table 11 and 
Figure 21, center). In other words, architectural arran-
gements of GÖ and VN evolve simultaneously either 
towards “Area type” model either towards “Linear type” 
model. 

 
Figure 20 – Correlations between FD AV values of all three components of tumor architecture in the two grading 
systems. FD: Fractal dimension; AV: Mean value. 

Table 11 – p-values of Pearson’s test of FD AV values 
of the three tumor architectural components for the 
whole series 

Correlation Pearson’s test p-value 

GÖ – TC <0.0001 (CM = 0.252) 

GÖ – VN 0.001 (CM = 0.160) 

TC – VN 0.381 (CM = 0.042) 

FD: Fractal dimension; AV: Mean value; GÖ: Gömöri (tumor cell 
architecture); TC: Goldner’s trichrome (tumor stroma architecture); 
VN: Vascular network architecture; CM: Correlation matrix (Pearson). 

▪ FD AV of tumor stroma architecture (TC) and VN 
architecture expressed a vague trend of direct correlation 
(p computed value of Pearson’s test was >0.05 but <0.5 
– Table 11 and Figure 21, right). In other words, 
architectural arrangements of TC and VN have a weak 
tendency to evolve simultaneously either towards “Area 
type” model either towards “Linear type” model. Practically, 
the architecture of these two components evolves inde-
pendently. 

 
Figure 21 – Correlations between individual FD AV values of GÖ, TC and VN in whole series. FD: Fractal dimension; 
AV: Mean value; GÖ: Gömöri (tumor cell architecture); TC: Goldner’s trichrome (tumor stroma architecture); VN: 
Vascular network architecture. 

Overall, tumor stroma adapts to the arrangement of 
the tumor cell population following the same arrangement 
as this, either by extension towards “Area type” arran-
gement or by arranging following “Linear type” model. 
The intratumoral VN is also reconfigured according to 
the arrangement of the tumor cells, following the same 
architectural model as that of the cellular component, as 
the stromal component does. In contrast, there does not 
seem to be any influence or connection between the ways 
in which the two elements of the tumor cell population 
supporting structure are configured, the statistical apparatus 

proving that their evolutions towards one or the other 
arrangement model are independent from each other. 

 Conclusions 

The tumor cell population models and adapts the stromal 
component and the surrounding vascular component in 
the same sense in which its architectural model evolves. 
The stromal component and the VN develop independently 
from each other, the first evolving towards the “Area 
type” architectural arrangement model as the degree of 
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differentiation decreases, while the second evolves towards 
the “Linear type” architectural arrangement model as the 
degree of differentiation decreases. It appears that the 
classification system of the distribution arrangement of 
the tumor architecture proposed by Srigley, by grouping 
the subtypes described by Gleason, offers a more accurate 
description of the correlation between the tumor 
architecture and the degree of differentiation. 
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