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Abstract

Rectum is divided into three distinctive regions (pelvic peritoneal, pelvic subperitoneal and perineal) regarding the regions where it is
crossing through. Those three parts are individually not only due to their relation but due to their blood supply, also. The differences occur
among them when one of them is involved into a neoplastic process. Both types of pelvic rectal tumors behave quite in the same way but
those involving perineal rectum are much different. This is because they purchase a smaller number of anastomosis; when a tumor
monopolizes a wide vessel the possibility to grow and become a metastasis is much more likely. These two processes (growth and
metastasis) are directly related to the size of its supplying artery. On the other hand, a pelvic rectal tumor is more likely to metastasis by
blood flow then a perineal rectal one. The last one will rather send clone cells by lymphatic drainage or will disseminate into the soft tissues
around it. In this study, we want to propose an anatomical mathematical model for each of the rectal tumors, depending on their stages
also. We used specimens from 24 patients and analyzed them using arteriography; we connected the results of mathematical counting of
micro vessels density in a specific area with already known medical aspects regarding their diagnosis, treatment and evolution. The goal of
the study concerns the prognosis of the patients (with or without surgical treatment) and the example is useful in rectal tumors staging.
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= Introduction

The complex processes of angiogenesis as the
outgrowth of new vessels from a pre-existing vascular
network is fundamental to the understanding of
vascularization in many physiological and pathological
processes. In normal situations, angiogenesis is the
process whereby new blood vessels are formed during
embryogenesis, fetal development and placenta growth,
for example. Under pathological conditions, angiogenesis
is basic to wound healing, rheumatoid disease and
thrombosis. In particular it is a key player during the
initiation and progressive growth of most types of solid
tumors and metastasis [1, 2], tumor cells and blood
vessels forming together a highly integrated ecosystem.

Blood is a complex fluid, the rheological properties
of which lead to interesting feedback mechanisms during
perfusion. Shear stresses generated within the capillary
bed by the flowing blood strongly influence vessel
adaptation and network remodeling [3]. These shear
stresses are instead affected by blood viscosity, the
distribution of which depends upon a non-uniform
distribution of hematocrit (the volume fraction of the
red blood cells in the blood) within the host vasculature.
Solid tumors are known to progress through two distinct
phases of growth — the avascular phase and the vascular
phase. Endothelial cells change their dormant state in
fast growing state, as a result of the signals received
from the tumor cells and the associated inflammatory
cells and there is known a large number of components
which induces angiogenesis.

The transition from the dormant avascular state to the
vascular state, wherein the tumor possesses the ability to

invade the surrounding tissue and the metastasis to
distant parts of the body depends upon its ability to
induce new blood vessels from the surrounding tissue to
sprout towards and then gradually penetrating the
tumor, thus providing it with an adequate blood supply
and microcirculation. In order to accomplish this
neovascularization, it is now a well-established fact that
the tumors secrete a number of diffusible chemical
substances into the surrounding tissues and extracellular
matrix [4].

For these reasons, the microvascular intratumoral
density was suggested as a criterion for prognosis in
different types and locations of cancer, being used in
evaluating the evolving of the breast cancer [5—7], renal
cancer [8—10], rectal cancer [11], bladder [12, 13] or
prostate cancer [14-16].

There were described several methods for identifying
tumor vessels based on the ability of endothelial cells of
vascular tissue to release antigens which can serve as
markers on tissue included in paraffin, CD34 considered
to be the best marker for neovascularization [17].

Regarding to the above considerations, we applied
three different methods of evaluation of neoangiogenesis
on angiography images of resection specimen. From the
special literature data we noted that this type of measures
have not been tried before in cancers in this location.

& Materials and Methods

This paper is part of our studies on the vasculature
of colorectal carcinomas quantifying high-density
neovascular area using through three different methods,
each one applied by default topographies of moderately
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differentiated rectal carcinoma (upper, middle and lower).
We have to mention that all these cases were TNM
staging IIIA and the patient ages were quite similar.

We performed quantitative evaluation of the neo-
angiogenesis process on the rectal neoplasm using the
angiography method on the resection specimen. We
applied the methods of calculating the length of the
neoangiogenesis vessels, the calculation of area of
development of neoangiogenesis through triangulation
and Monte-Carlo method, and the techniques applied on
angiography images of resection specimen.

=& Results

In the first processing stage, we made the imaging
processing of captured images from in vitro angiography,
and then we calculated the length of the most important
neoformation vessel. It was found that in the superior
rectal cancer the maximum length is 1019.2157 mm
(Figure 1), in the middle rectal cancer it is 924 mm
(Figure 2), in inferior rectal cancer it is 670.3964 mm
(Figure 3). The progressive decrease of the length of
neoformation vessel stands out in tumors from the
superior part of rectum, toward the middle and then the
lower part.

The made measurements revealed that the higher
length was quantified on upper rectal cancer, followed
by the middle and lower.

The following stage was the application of the
triangulation method only on the areas with high-density

Figure 1 — The length assessment of the most important
neoformation vessel in the superior rectal carcinoma.

Figure 3 — The length assessment of the most important
neoformation vessel in the inferior rectal carcinoma.

of neoformation vessel. In this case, we obtained a value
of the area of maximum density of neoformation
vessels, as it follows: in the superior rectal cancer it is
475 987.6199 mm* (Figure 4), in middle rectal cancer it
is 380 084.6006 mm® (Figure 5) and in inferior rectal
cancer it is 99 703.2271 mm? (Figure 6).

The triangulation method showed a progressive
reduction in the value of the area with maximum density
of neoformation vessels in the same direction, from the
upper rectal cancer, to the middle rectal cancer and then
to the lower rectal cancer.

In the last stage of the study, on the same areas of
maximum neovascularization we applied Monte-Carlo
method to calculate it. The results are very close to those
obtained by triangulation method: on the superior rectal
neoplasm we obtained a value of 530 866.2526 mm®
(Figure 7), for the middle rectal neoplasm the value is
334 281.198 mm” (Figure 8) and for inferior rectal neoplasm
is 116 990.2554 mm” (Figure 9).

Monte-Carlo method showed a progressive reduction
in the value of the area of maximum neovascularization
on the same sense, from the superior rectal cancer, to
the middle rectal cancer and then to the lower rectal
cancer, the changes being significant and similar to
those obtained by the triangulation method.

In middle rectal carcinomas, we applied the Monte
Carlo method to make a determination on the area
uncompromised by neoangiogenesis (Figure 10).
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Figure 2 — The length assessment of the most important
neoformation vessel in the middle rectal carcinoma.

Figure 4 — Triangulation applied on the superior rectal
carcinoma.
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Figure 5 — Triangulation applied on the middle rectal
carcinoma.

Figure 7 — Monte-Carlo method applied on the superior
rectal carcinoma.

Figure 9 — Monte-Carlo method applied on the inferior
rectal carcinoma.

In this situation, normal area of rectal wall is
approximately 4.5-5 times smaller than the area of
neovascularization. The other two types of rectal
carcinomas shows different aspects: in superior rectal
carcinomas we did not found on the images processed a
zone without neoformation vessels, and in inferior rectal
carcinomas is a vice-versa situation.

= Discussion

Quantification of the maximum neoangiogenesis arca
realized throughout the former three mentioned methods

Figure 6 — Triangulation applied on the inferior rectal
carcinoma.

Figure 8 — Monte-Carlo method applied on the middle
rectal carcinoma.

e -

Figure 10 — Normal rectal area.

sustains high potential for metastasis via blood flow of
the superior and the inferior rectal tumors and explains
their larger size compared to the inferior rectal ones.

Comparison of microquantifying on histological
sections, previously performed, with microvascular
density on surgery specimen noted a significant correlation.
Vascular index is considered a worse indicator for
evaluating of lymphatic metastases and venous micro-
invasion.

Although neoangiogenesis is an important step in
tumor genesis, a prerequisite for tumor progression,
is not the only factor that determines recurrence and




564

M. V. Hinganu et al.

metastasis. Evaluation of microvascular density may have
errors due to heterogeneity micro vascular distribution.
For this reason, it is necessary to analyze multiple images
and sections of tumor, in order to obtain representative
measurements with a high-degree of accuracy.

In colorectal cancer, neovascularization is a critical
event during tumor genesis, with an early peak in
malignant process [18, 19].

Clinical trials performed for tumoral staging
correlates high intensity of tumor genesis with tumor
aggressiveness, a high microvascular density having a
predictive role in development of metastases.

On the same material, we performed studies regarding
tumoral microvessels, by immunohistochemistry and
quantitative microanatomical methods, which support
the significant increase of tumoral microvascular density
with increasing of histological degree, with an inverse
proportion with differentiation degree. In addition,
we noted a variation of intratumoral vascular density
depending on the degree of differentiation. Interpretation
of our results in terms of literature data allows us to
consider that neoangiogenesis remains an independent
predictive and prognostic factor that should be considered
in determining the treatment of patients with colorectal
cancer.

As we said before, the quantification of the tumoral
microvascular density is considered to be an indicator
for the most of the malignant neoplasms, although
sometimes the results are contradictory. In addition, the
angiogenesis is heterogeneous in the same tumor [20,
21] and the microvascular density assessment/evaluation is
less useful in achieving new data regarding architectural
complexity defined by the degree of the ramification,
irregularity and tortuosity [22]. The malignant tumors
have a high-vascular complexity compared to the adjacent
normal vasculature; the vessels are getting chaotic or
random branches [9, 22].

Clinical, surgical and imaging observations support
the presence of a pelvic vascular paraneoplastic syndrome,
kind as arterial, venous or lymphatic; the inferior rectal
tumors pediculised arteries to their base, the middle and
the inferior rectal tumors give inflammatory phenomena,
like vasculitis or perivasculitis, especially on the path veins.

Any paraneoplasic vascular change on both rectal
and pelvic vessels represents the guiding criteria of
oncological surgery, being in accordance with surgical
technique that is dictated by it.

Our results obtained by using the quantification of
the tumoral angiogenesis via those three methods could
group the patients after the most useful type of treatment
and also re-orientate their perspective management for
those with low microvascular density. However, we believe
that the antiangiogenetic therapy requires individually
customizing.

& Conclusions

Our studies demonstrate the objective progressive
decrease in the length of the neoformation blood vessels
and of the area of maximum neovascular density from
the tumors located in the superior rectum and its middle
and inferior parts. Compared to the affected area of
neoangiogenesis, uncompromised area missing in the

upper rectal carcinoma, is less in the middle, and is
greater in lower rectal carcinoma. Colorectal and superior
rectal carcinomas have a better oncologic prognosis,
because arteriography showed metastasis tumor invasion
only in the advanced cases; on the other hand, middle
rectal tumors and especially inferior ones have a truly
vascular pedicle, which shows up from the early phases.
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