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Abstract

The authors made a preliminary assessment of possible correlations between the intratumoral vascular density (IVD) and the architectural
tumoral patterns described by Gleason. The studied material consisted of samples obtained by transurethral resection from 34 patients
diagnosed with prostatic adenocarcinoma. Ten fields, five for dominant and five for secondary identified patterns of each case, with no
necrosis were selected randomly from CD34 immunomarked sections using x20 objective. IVD increased with Gleason pattern both for the
entire group, but also for “solid” phenotype group of subtypes up to pattern 4, respectively subtype 4B. In “necrotizing” phenotype group of
subtypes, IVD had a decreasing trend from the better-differentiated subtypes to the poorest one. These preliminary data showed that the
intratumoral vascular network reacts differently to the loss of tumoral differentiation in the two groups of Gleason subtypes suggesting the

existence of two different populations of malignant cells.
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=& Introduction

Tumoral stroma could be defined as the whole of
modified mesenchymal structures that support the
malignant tissue. As both supporting scaffold and
nutritional system, tumoral stroma accompanies any
neoplastic proliferation, being better distributed and
observed in carcinomas rather than in sarcomas, in the
latter being identified with difficulty. It represents a
reaction of connective tissue which undergoes different
changes in contact with tumoral parenchyma and thus
comprises newly formed elements but which are non-
tumoral [1, 2].

The ratio between supporting connective—vascular
structure and the whole of malignant cells forming the
tumoral parenchyma varies considerably in different
types of malignant tumors, the reasons of this variation
remaining still unclear. When a tissue is growing or a
primary tumor is developing, the exceeding of a certain
dimension (2-4 mm®) requires an optimal inflow of
oxygen and an on outflow of cellular waste products [3].
The growth of new blood vessels is necessary for
sustaining the increased metabolic needs of a larger
cellular population and is realized by activation of
already existing vascular bed. Thus, angiogenesis plays

an essential role in the stability of normal or modified
epithelia and their supporting interstitial matrix.

The proliferating and invasive tumoral cells may
induce numerous answers in the mesenchymal vascular
network. These changes in the angiogenic activity are
due to the production of factors responsible for the
initiation of angiogenesis, which results in the developing
of newly formed vessels [4].

In prostate cancer, an important, supporting and/or
inhibiting role of stromal—epithelial interactions has been
implicated in tumor growth, angiogenesis and metastasis,
which includes cell proliferation, adhesion and motility
[5]. One of the essential events with morphological
expression of prostatic malignant tissue “reactive stroma”
— concept defined since 1998 [6] and proved to be
responsible for the genesis, development, invasion,
progression and tumor metastasis [7] — is the amplification
of angiogenesis [8].

Despite the consistent number of studies in the
literature of the last decades focused on the interactions
between tumoral stroma of prostatic cancer and its
population of malignant cells, only few of them address
the quantitative relationship between intratumoral vascular
density and tumor parenchyma.
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The present study is part of a larger project
investigating the possible correlations between the
different intratumoral stromal components, as interstitial
fibrillary network [9] and vascular network and the
architectural tumoral patterns described by Gleason and
aims to analyze the relationship between the density of
the vascular network within the tumor microenvironment
and the degree of differentiation of tumor parenchyma in
prostate carcinoma assessed using the Gleason system.

& Materials and Methods

The studied group includes 34 patients admitted with
suspected nodular benign prostatic hyperplasia (NBH)
and no specific previous treatment who underwent trans-
urethral resection (TURP), in whom the postoperative
histopathological examination established the incidental
presence of malignant carcinomatous proliferation invading
the NBH area.

In addition to the five serial sections made from the
paraffin blocks containing the prostate tissue fragments
collected by TURP and stained with HE (first section),
for setting the Gleason patterns and with special stains
for connective tissue (sections 2—5) for the qualitative
assessment of intratumoral stromal fibrillary compound,
a sixth section was cut, placed on SuperFrost” slides and
immunomarked with monoclonal anti-CD34 antibody,
QBEnd 10 clone (DAKO) with a dilution of 1:50, after
previous application of three-stage indirect Steptavidin—
Biotin Complex (SaBC)/Horseradish peroxidase (HRP)
method. DAB chromogen and Hematoxylin counterstaining
were used for visualization of intratumoral vascular
structures. As for the assessment of intratumoral vascular
density, two main architectural patterns: the dominant
pattern and the secondary one were assessed for each of
the 34 cases and then, five randomly selected fields without
necrosis at X20 magnification were selected for each
pattern, so as to each case 10 tumor areas were selected.
Thus, the final batch was composed of 340 tumor areas,
which were assigned to the five main groups of tumor
architectural aspects described by Gleason and their
variants, which were distributed as in the Figure 1.
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= the “solid phenotype” group, including the subtypes
3A, 3B, 4B and 5B in which tumoral proliferation seems
to evolve from well-differentiated glandular aspects of
pattern 2 towards solid variable clusters of undifferentiated
tumoral cells of 5B subtype.

Quantitative morphometric measurements of intra-
tumoral vascular densities (IVD) were performed using
the “Measurements” module of the Analysis Pro 5.0
software. Values were grouped into four classes for the
stromal component density score, shown in Table 1.

Table 1 — Scale of VD values

Score Vascular Density — IVD (capillarieslmmz)
VD 1 <100
VD 2 100-200
VD 3 200-300
VD 4 >300

The lowest value (VMIN), the highest value (VMAX)),
the half range value (HRV), mean value (AV), standard
deviation (STDEV) were assessed for each pattern.

Student #-test was used to compare vascular density
mean values of different Gleason patterns and subtypes,
Kolmogorov—Smirnov test was used to compare vascular
density values distributions of different Gleason patterns
and subtypes, and y° test was used to compare vascular
density values divided into score classes in different
Gleason patterns and subtypes.

= Results
General assessment

The intratumoral vascular density varied within wide
ranges of values, whose lowest limit (28.94 capillaries/
mm?) was observed in the pattern 5 group of samples,
and highest limit in the pattern 4 group of samples
(674.78 capillaries/mm®). The largest range was observed
in the pattern 5 group of samples (Table 2; Figures 2
and 3).

Table 2 — Distribution of main statistical parameters
in Gleason patterns

Parameter Value
Gleason 2 Gleason 3 Gleason 4 Gleason 5

No. of samples 30 110 90 110

VMIN 59.54 19.85 79.39 28.94
VMAX 357.24 476.32 674.78 575.55
HRV 208.39 248.08 377.08 302.24
AV 138.92 211.09 293.95 248.63
STDEV 68.55 99.64 126.57 131.13
AV + STDEV 207.48 310.73 420.52 379.76
AV - STDEV 70.37 111.45 167.38 117.5

Figure 1 — Distribution of determinations according
to Gleason subtypes.

Two additional groups were designed, according to
Gleason diagram of pattern subtypes:

= the “necrotizing phenotype” group, including the
subtypes 3C, 4A and 5A, in which tumoral proliferation
seems to evolve towards solid individual masses with
central necrosis, passing through a cribriform stage;

In spite of this dispersion, in all pattern groups, most
values were grouped in ranges of smaller amplitudes,
determined by variable values of STDEV around the
each group AV value. In all the pattern groups, the AV
value of VD had a smaller value than the corresponding
HRYV, the intervals including the majority of values
being thus displaced towards the lower limit of the
ranges (Table 2; Figure 2).
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The most interesting observation was that AV values
had a decrease in pattern 5, after an ascending trend
from pattern 2 to pattern 4 (Table 2; Figure 2).

The statistical comparison between IVD mean values
of Gleason main groups using Student #-test, underlined
the differences between them (Table 3), differences clearly
illustrated also in Figure 2.

Table 3 — Statistical comparison between IVD mean
values in Gleason patterns

Student t-test

Gleason 2 Gleason 3 Gleason 4

Gleason 2

Gleason 3
Gleason 4

Gleason 5 0.018 (<0.05) 0.014 (<0.05)
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Figure 2 — Comparative representation of IVD main
statistical parameters in Gleason patterns.
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Figure 3 — The windows of image analysis program showing the IVD lowest and highest values in Gleason groups.

The analysis of the main statistical parameters in the
subtypes of Gleason patterns from 3 to 5 revealed some
interesting aspects. A wide dispersion of values was
noticed only in 5B subtype of pattern 5. The intervals
comprising the majority of values (as defined by the
STDEVs around AVs) were generally more “condensed”
than the corresponding ranges and were almost similar,
excepting Gleason 4B and 5B subtypes which had wider
limits than the others (Figure 4).

In pattern 3 subtypes, these intervals had almost the
same wideness and were all displaced towards the lower
limit of the corresponding ranges because AVs of IVD

were, in all subtypes of pattern 3, were smaller than the
corresponding HRV-s (Figures 4 and 5). The IVD values
have an overall ascending trend from 3A subtype to
3C subtype, more obvious between 3A subtype and 3B
subtype and smoother between 3B subtype and 3C
subtype. This trend was confirmed by the statistical
comparison between IVD mean values of Gleason 3
subtypes using Student test, which showed, on one
hand, the differences between the AVs of 3A and 3B
subtypes and 3A and 3C subtypes and, on the other hand,
underlined the similarity between the AVs of 3B and 3C
subtypes (Table 4).
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Value
Parameter

GL 3A GL 3B GL 3C GL 4A GL 4B GL 5A GL 5B
No. Samples 50 40 20 70 20 30 80
VMIN 19,85 79,39 119,08 79,39 277,85 28,94 59,54
VIMAX 396,93 476,32 436,62 476,32 674,78 337,39 57555
HRV 208,39 277,85 277.85 277,85 476,31 183,64 317,54
AV 167,11 245,60 252,05 245,81 - 134,33 291,50
STDEV 86,1 92,84 103,85 75,57 126,03 91,25 1M7.67
AV + STDEV 2532 338,44 3559 321,39 588,45 225,58 409,168
AV - STDEV 81,01 152,76 148.2 170,24 336,39 43,083 173,82

700 +
650
600
550 o
500 4
450 4
400 +
350 o
300
250 A
200 1
150 1
100 o

50 1

700
650 +
600 +
550
500 +
450 +
400
350
300 +
250 +
200 +
150
100 +

50

700
650 --
600 1--
550 1=
500 1--
450 1--
400 1--
350 ==
300 +--
250 1--
200
150
100

50 7=

Gleassn I Gleassn 3B Gleassn 3C

Gleassn 40

Figure 4 — Distribution and comparative representation of IVD main statistical parameters in Gleason subgroups.

Figure 5 — Different aspects of tumoral vascular network in pattern Gleason 3 subtypes.

Table 4 — Statistical comparison between IVD mean
values in Gleason pattern subtypes

Student Gleason Gleason Gleason Gleason
t-test 3A 3B 4B 5B
Gleason 3A
Gleason 3B -
Gleason 3C (2(?8;) (S(? 82)
Gleason 4A
Gleason 5A

In pattern 4, the IVD expressed different distributions
in the two subtypes. Thus, although the whole ranges of
values were similar in length, in subtype 4a, the interval
comprising the majority of values was more “condensed”
around an AV value smaller than the corresponding HRV

which displaced the interval on the lower limit of the
range, whereas in subtype 4B the same interval was
larger and the AV value, higher than that of the former
subgroup, but smaller and almost equal to the HRV placed
the interval comprising the majority of values very close to
the middle of the whole range (Figures 4 and 6).

The statistical comparison of the AVs of Gleason 4
subtypes using Student #-test, confirmed the evident
difference between them (Table 4).

In pattern 5, the IVD had also different models of
distribution in its two subtypes. Thus, in subtype 5a, the
whole range of values was smaller, the interval comprising
the majority of values was more “condensed” around an
AV smaller than the corresponding HRV which displaced
the interval towards the lower limit of the range, whereas
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in subtype 5B, both the whole range and the interval

comprising the majority of values were larger and the

AV, higher than that of the former subgroup, was although
smaller than the corresponding HRV (Figures 4 and 7).
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Figure 6 — Different aspects of tumoral vascular network in pattern Gleason 4 subtypes.

striking differences between the lengths of subtypes’
whole ranges. The second important aspect is that all
AVs are smaller than their corresponding HRVs so that
all intervals comprising the majority of values are
displaced towards the lower limits of the whole ranges.
The third aspect to be noticed is the descending trend
of AVs from the better-differentiated subtype to the
poorest one. This trend is very smooth from 3C subtype
to 4A subtype and becomes evident towards the SA
subtype (Table 5; Figure 8).

Table 5 — Distribution of IVD main statistical

parameters in subtypes of “necrotizing” phenotype

Parameter Value
Gleason 3¢  Gleason 4a  Gleason 5a

No. of samples 20 70 30

VMIN 119.08 79.39 28.94
VMAX 436.62 476.32 337.39
HRV 277.85 277.85 183.64
AV 252.05 245.81 134.33
STDEV 103.85 75.57 91.25
AV + STDEV 355.9 321.39 225.58
AV - STDEV 148.2 170.24 43.083

5 Sy
Figure 7 — Different aspects of tumoral vascular
network in pattern Gleason 4 subtypes.

The statistical comparison of the AVs of Gleason 5
subtypes using Student #-test, confirmed the evident
difference between them (Table 4).

Finally, if we follow the AVs from subgroup 3A to
subgroup 5B we can observe that they have a smooth
ascending trend from 3A subtype to 4B subtype which
has a small “gap” in the 4A subtype, where the AV
value of the IVD is smaller than that of the 3¢ subtype
(Figure 4) and we have to notice the evident “gap” in
5A subtype, whose AV is smaller even than that of 3A
subtype.

“Necrotizing” phenotype

In the “necrotizing” phenotype group, there are
several aspects revealed by the analysis of the main
statistical parameters. The first one is that there are no

Gleason 3C

Gleason 4A Gleason 5A

VMEDIE+STDV - ‘B -- VMAX -- ‘B -- VMIN

VMEDIE-STDV |

Figure 8 — Comparative representation of IVD main
statistical parameters in subtypes of “necrotizing”

Phenotype.

The statistical comparison of the AVs of “necrotizing”
phenotype subtypes using Student #-test, confirmed the
above-mentioned trend (Table 6).
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Table 6 — Statistical comparison between IVD mean
values in subtypes of “necrotizing” phenotype

Table 8 — Statistical comparison between IVD mean
values in subtypes of “solid” phenotype

Student t-test Gleason 3c Gleason 4a Student t-test Gleason 3a Gleason 3b  Gleason 4b
Gleason 3¢ Gleason 3a
Gleason 4a 0.766 (>0.05) Gleason 3b

“Solid” phenotype

In the “solid” phenotype subtypes, the situation is
totally different in some points of view from the one
described above.

Whole ranges have similar lengths, excepting that of
5B subtype, which is the largest. The intervals comprising
the majority of values were splitted in two groups
according to their length: the pattern 3 subtypes, with
STDEVs around “90”, and, consequently more condensed
ranges around AVs and the poorly differentiated subtypes,
with a STDEV around “120” and, consequently, larger
ranges around AVs. As in “necrotizing” phenotype group,
all AVs of “solid” phenotype group are smaller than their
corresponding HRVs so that all intervals comprising the
majority of values are all displaced towards the lower
limits of the whole ranges (Table 7; Figure 9).

The difference between the two phenotypes is
represented by the trend of AVs. In “solid” phenotype,
this trend is somehow similar to that observed above in
Gleason patterns but more pronounced.

Table 7 — Distribution of IVD main statistical

parameters in subtypes of “solid” phenotype

Gleason 4b
Gleason 5b

0.033 (<0.05)

= Discussion

Tumors have been shown to be heterogeneous in the
ability of their individual tumor cells to be angiogenic.
Therefore, the vascular density is variable in different
tumors, and even in different foci of the same tumor
[10]. Intratumoral vascular density is considered by
many authors to be a marker of the neo-angiogenetic
process, which, in turn, was proved to play a pivotal
role in neoplastic processes, being responsible, for tumor
growth, progression and metastasis spread [11-18]. Thus,
quantification of angiogenesis has been demonstrated
to provide prognostic information in different human
neoplasms [19-26].

The reports in the literature are controversial
concerning the role of vascular density as prognostic
indicator in prostatic carcinoma [18]. However, there
are authors that consider that determination of micro-
vessel density in primary prostate carcinoma is an
independent predictor of tumor progression [27, 28].

General assessment

Parameter ~Gleason Gleaso:alugleason Gleason There were significant differences between distribu-
3a 3b 4b 5b tions of the IVD values in the main pattern of Gleason
No. of samples 50 40 20 80 system, fact confirmed by the comparative statistical
VMIN 19.85 7939 27785  59.54 analysis (Table 9).
VMAX 396.93 476.32 674.78 575.55 Table 9 — P-values of Kolmogorov—Smirnov (K-S) test
HRV 208.39 277.85 476.31 317.54 comparison between distributions of IVD values in
AV 167.11 2456 Y7 2915 Gleason patterns
STDEV 86.1 92.84 126.03 117.67 K-S test Gleason 2 Gleason 3 Gleason 4
AV+STDEV 2532 33844 58845  409.168 Gleason 2
AV -STDEV 81.01 152.76 336.39 173.82 m_
Gleason 4

Gl 3A Gl 3B Gleason 5B

Gleason 4B

VMEDIE-STDV‘

VMEDIE+STDV - --B- - - VMAX - - ‘I -- VMIN

Figure 9 — Comparative representation of IVD main
statistical parameters in subtypes of “solid” phenotype.

Thus, there is an obvious ascending trend of AVs
from 3A subtype towards 4B subtype, followed by a
clear breakdown in 5B subtype all these differences
between AVs being confirmed by the statistical
comparison using Student ¢-test (Table 8).

Gleason 5 0.005 (<0.05)  0.001 (<0.05)

Moreover, the IVD had, to a point, an overall
increasing trend from well-differentiated patterns towards
poorly differentiated ones. Thus, while more than 90% of
pattern 2 areas had a IVD smaller than 200 capillaries/
mm®, in 75% of pattern 4 areas the IVD was higher
than 200 capillaries/mm?” (Table 10; Figure 10, a and b).
However, in pattern 5 areas, the above-mentioned trend
was “broken” by a more heterogeneous, non-polarized
distribution (Figure 10b).

Table 10 — P-values of y° test comparison between
distributions of IVD classes in Gleason patterns

)(2 test Gleason 2 Gleason 3 Gleason4 General
Gleason 2
Gleason 3 0.001
Gleason 4
Gleason 5 0.019 0.004
General _
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Figure 10a — Graphic representation of different IVD
ratio values distributions in Gleason patterns.
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Figure 10b — Graphic representation of different IVD
ratio classes proportions in Gleason patterns.

Our data correspond to a point with those of the
literature which mention that there is a statistically
significant increase in the IVD in the premalignant and
malignant tissues in comparison with normal prostatic
glands, with a significantly decreased heterogeneity in
tumor vasculature as compared to normal prostate [10,
29] and, moreover, the IVD is strongly related to tumor
grade expressed also by Gleason system [10, 13, 17, 30,
31], meaning that poorly differentiated adenocarcinomas
have a higher IVD than well-differentiated tumors
[10, 18] although Montironi R et al. demonstrated an
increased capillary density in the PIN areas compared to
the adenocarcinoma [32].

In each Gleason pattern starting from “3”, the IVD
had different distributions in the corresponding subtypes,
fact confirmed by the statistical comparative analysis
(Table 11; Figure 11).

Thus, in pattern 3, there was an increasing trend
of IVD from subtype “A” to subtype “C”, “smoothed”
between subtypes “B” and “C”. The same increasing trend
was observed in patterns 4 and 5 too from subtypes “A”
to subtypes “B” but more pronounced. It is interesting
to note that, whereas in pattern 3 the increasing trend
is from “solid” subtypes to “necrotizing” subtype, in
patterns 4 and 5, the trend is inverse, i.e., from “solid”
subtypes to “necrotizing” subtypes (Table 12; Figure 12).

It seems that the most vascularized subtype is “4B”
and the least vascularized one is “5A” (Figure 12).

K-S Test

Gleason 3A

Gleason 3B

Gleason 3A

Gleason 3B

Gleason 3C

Gleason 4A

Gleason 5A

Gleason 4B Gleason 5B

0,920 (> 0,05

LR LAE Sl BN tel B L III(--.-QI o4 pam) 2

AP FRAANH TN M

O ENG DIOEEE OICESIE  04pamy

01 @OE  DIOEsIE DIgmam) Ofpm)

Table 11 and Figure 11 — P-values of K-S test comparison between distributions of IVD values in Gleason subtypes and
graphic representation of these distributions.
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Table 12 and Figure 12 — P-values of x2 test comparison between distributions of IVD ratio classes in Gleason subtypes
and graphic representation of these proportions.
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“Necrotizing” phenotype

It is a clear statistically proved difference between
IVD distributions of better differentiated subtypes 3C
and 4A and the poorest differentiated subtype S5A
of “necrotizing” group of subtypes but no difference
between 3C and 4A subtypes (Table 13; Figure 13).

Table 13 — P-values of K-S test comparison between

distributions of IVD values in “necrotizing” phenotype
group of patterns

“Solid” phenotype

In “solid” group, there is a clear statistically confirmed
difference between IVD distributions of different subtypes
(Table 15; Figure 15).

Table 15 — P-values of K-S test comparison between

distributions of IVD values in “solid” phenotype group

of patterns

K-S test

Gleason 3A  Gleason 3B  Gleason 4B

Gleason 3A

K-S test Gleason 3C Gleason 4A
Gleason 3C
Gleason 4A 0.543 (>0.05)
Gleason 5A 0.005(<005)  <0.0001

Pattern 5a

Pattern 4a

No of Determinations
i
]

Pattern 3c

' y
D1(0-100) D2 (100-200) D3 (200-300) D4 (>300)

Figure 13 — Graphic representation of different IVD
ratio values distributions in “necrotizing” phenotype.

What the trend of AVs already signaled us, is
confirmed by the distributions of VD classes, namely an
obvious decreasing trend of the IVD towards the poorest
differentiated subtype of the group — 5A (Table 14;
Figure 14).

Table 14 — P-values of ){2 test comparison between

distributions of 1IVD classes in “necrotizing” phenotype

group of patterns

)(2 test Gleason 3C Gleason 4A General
Gleason 3C
Gleason 4A 0.314
Gleason 5A 0.003
General

Pattern 5a

Pattern 4a zl

Pattern 3c
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Figure 15 — Graphic representation of different IVD
ratio values distributions in “solid” phenotype.

The trend of IVD distribution in the subtypes of this
group is completely opposite to that of “necrotizing”
group, meaning that IVD tends obviously to increase
from better differentiated subtype 3A towards poorly
differentiated subtype 4B (Table 16; Figure 16).

Table 16 — P-values of y° test comparison between

distributions of 1VD classes in “solid” phenotype group

of patterns

Xz test Gle3a:on GlesaBson GIe4aBson General
Gleason 3a
Gleason 3b 0.003
Gleason 4b
Gleason 5b 0.086 0.009

General

Pattern 5b

Pattern 4 b

Pattern 3b

Pattern 3a

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

| D1 (0-100) [1D2 (100-200) 0 D3 (200-300) H D4 (>300) |

Figure 14 — Graphic representation of different IVD
ratio classes’ proportions in “necrotizing” phenotype
group of patterns.

Figure 16 — Graphic representation of different IVD
ratio classes’ proportions in “solid” phenotype group
of patterns.
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However, in the poorest differentiated subtype — 5B,
the vasculature tends to become less dense, with a
distribution of IVD classes comparable to that of better
differentiated subtype 3B (Table 16; Figure 16).

& Conclusions

The intratumoral vascular network showed an
overall trend of interstitial densifying, parallel with the
decrease of the tumoral degree of differentiation but
only up to pattern 4, in pattern 5 presenting a regressive
trend. In the defined phenotypes, however, the intra-
tumoral vascular network had two diverging trends.
Whereas in “solid” phenotype the evolving pattern of
VD related to the degree of differentiation was similar
with the one mentioned above and noticed to the general
assessment, in “necrotizing” phenotype the vascular
network showed a regressive trend parallel to the
decrease of tumoral differentiation. These observations
open the way to further studies to verify the hypothesis
of different cellular populations in prostatic carcinoma
with different biologic behavior.
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