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Abstract The relationship of vasculogenic mimicry to
pigment in nodular vertical growth phase [VGP] cutaneous
melanomas is assessed in this study. 10 nodules each from
27 tumors, 15 pigmented and 12 amelanotic were sampled
in proportion to the pigment level. Serial frozen and
paraffin sections subjected to HE, Reticulin, PAS to assess
the vascular pattern; Dopa Oxidase and Immunopositivity
for HMB45, LN5 [laminin 5] & integrin[oes3,], and EM
[electron microscopy] to identify Weibel-Palade bodies
within endothelial cells. The vascular pattern, pigment and
the immunopositivity was mapped to assess the percentage
VM [vasculogenic sinusoids] vs INC [incorporated micro-
vasculature]. In pigmented melanomas, INC from pre-
existing stromal vessels is predominant. Amelanotic mela-
nomas show embryonic vasculogenic mimicry, a self-
propagating system of spaces within the sheets of tumors
cells. Both INC and VM co-exist in tumors with both
amelanotic and melanotic nodules. In areas with VM, loci
of LN5 and «s[3; integrin positive cells appear within the
proliferating columns, positivity in these cells suggesting a
switch to a more aggressive form. Irregular spaces appear
lined by tumor cells, with initial hemopoeitic activity,
coalesce and interlink into tubular networks. Spaces lined
by tumor cells extend into an intricate network which then
connects with the angiogenetic system. The tumor cells
lining the vasculogenic spaces are positive for LNS5, osf34
integrin. Statistically, INC is significantly higher in pig-
mented melanomas, whereas amelanotic melanomas show
significantly higher VM. Pigmentation is correlated posi-
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tively with INC and negatively with VM. INC and VM are
negatively correlated with each other.

Keywords Vasculogenic mimicry - Incorporated
microvasculature - Pigmented - Amelanotic - Laminin -
Integrin

Introduction

All tumors require a blood supply for growth and metastasis
[1]. Most human cancers persist in situ for months in a
prevascular phase. However, the tumors require vascular-
isation, for the progression to an enlarging tumor with the
ability to metastasize beyond 2-3 mm?® [2]. The develop-
ment of the tumor microcirculation includes both the
production of new blood vessels [angiogenesis] and their
remodeling [3].The process of new vessel formation
[neoangiogenesis] includes proliferation, sprouting, and
migration of endothelial cells within normal tissues
adjacent to the tumor.

The formation of patterned vascular channels found in
the most aggressive primary intraocular [uveal] melanomas
and their metastases are different from endothelial-derived
angiogenic vessels. Highly invasive melanoma cells recon-
stitute in vitro the patterned matrix-associated vascular
channels seen in human melanomas in the absence of
endothelial cells and fibroblasts. Tissue sections from
aggressive human intraocular [uveal] strongly suggest that
aggressive melanoma cells may generate vascular channels
that facilitate tumor perfusion independent of incorporated
tumor microvasculature. Endothelial cells were not identi-
fied within these channels by light microscopy, by
transmission electron microscopy, or by using an immuno-
histochemical panel of endothelial cell markers [4]
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Melanomas are uncommon tumors in India where the
ratio of incidence of vitiligo versus melanomas is the
reverse of that seen in Australia or Europe. The following is
the study of 27 melanomas collected over a period of
5 years. Melanomas, unlike most other rapidly growing
tumors show very little or no evidence of necrosis on gross
or microscopy even in the rapidly growing amelanotic
tumors where the cells quickly lose access to the stromal
vessels. This work has been taken up to study the pattern of
vascularisation in cutaneous pigmented and amelanotic
melanomas in the vertical growth phase VGP to elucidate
the possible mechanism involved.

Material and Methods

Twenty seven nodular melanomas in the vertical growth
phase [VGP] were received from the Cancer Surgery
Unit of Safdarjung Hospital, New Delhi, fixed in 10%
formol glutaraldehyde. Fifteen were pigmented and 12
were amelanotic. Ten blocks were taken from each of 27
tumors to make a total of 270 blocks. Nodules were
sampled in the ratio of pigmented to amelanotic areas in
the entire tumor. As the specimen were received and
sampled the blocks were arranged in a grid, according to
the pigment level.

Each block was subjected to: Frozen sections, Paraffin
sections. Serial sections 5 pum thick [20-40] were cut from
each block and maintained for routine Histochemistry, [HE,
Reticulin, PAS to assess the vascular pattern]; Enzyme
histochemistry: Dopa Oxidase method; Immunohistochem-
istry by the Avidin/ Biotin system using the monoclonal
antibodies HMB45, from BioGenex, LN5 [laminin 5] from
Kappa Zymed & integrin[ces3;] from Dakopats [5-7]. As

negative control all slides included a serial section stained
with no mAb. The same mAb were used simultaneously
against known positive sections from human skin as
positive controls.

Presence of pigment; a positive DOPA reaction; and
HMB-45 positivity are criteria for diagnosis. In the absence
of pigment a positive dopa reaction, HMB45 positivity and
the presence of premelanosomes on electron microscopy
[EM] is diagnostic of amelanotic melanomas. These criteria
form the basis of diagnosing each tumor included in this
study. EM was done to locate Weibel-Palade bodies [WPB]
for the identification of capillary endothelial cells.

The vascular pattern and the positivity of the different
markers was assessed and mapped within a grid. The
percentage of capillaries and incorporated microvasculature
[INC] vs vasculogenic sinusoids [VM] was calculated and
plotted against the level of pigment in each case and
depicted in the graphs.

Results
Pigmented Tumors: (Fig. 1a)

Of the 27 tumors 15 are pigmented. Four cases showed no
defined amelanotic nodule throughout the tumor while in
11 cases, 10% to 50% nodules were poorly pigmented, the
rest being pigmented. The total pigmented areca forms
76.7% while amelanotic is formed by 23.3%. Capillaries
and incorporated microvasculature [INC] are seen in 88.7%
areas of which 12% are in poorly pigmented areas.
Combined capillary and vasculogenic vascularisation
[VM] is seen in 11.3% in amelanotic areas. Combined
INC and VM vascularisation seen in 37.8% of amelanotic
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Fig. 1 a Pigmented melanomas: Pigmentation and INC are
positively correlated with each other [Pearson’s correlation coeffi-
cient=0.941; p<0.0001], whereas pigmentation is negatively corre-
lated with VM [Pearson’s correlation coefficient=—0.853; p<
0.0001]. INC and VM are negatively correlated with each other
[Pearson’s correlation coefficient=—0.942; p<0.0001]. b Amelanotic
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b.Poorly Pigmented Tumors

V: vasculogenesis
AV: combined

melanomas: Pigmentation and INC are positively correlated with
each other [Pearson’s correlation coefficient=0.907; p<0.0001]
whereas pigmentation is negatively correlated with VM [Pearson’s
correlation coefficient=—0.954; p<0.0001]. INC is also negatively
correlated with VM in amelanotic tumours [Pearson’s correlation
coefficient=—0.943; p<0.0001].
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areas in the pigmented tumors. There are no areas having
only VM.

Amelanotic Tumors: (Fig. 1b)

In the 12 amelanotic tumors there were one to four
pigmented nodules in eight tumors, and none in four
tumors. The total amelanotic area is formed by 83.3%
while pigmented area forms 16.7%. The predominant
vascularisation is by VM in 68.3% areas. Combined INC
and VM neovascularisation is seen in 31.7% areas. All the
16.7% pigmented areas and 18% of the amelanotic areas
show both INC and VM. None of the areas shows pure
INC.

Statistical Correlations

When the level of pigmentation was compared between
pigmented and amelanotic melanomas, pigmentation was
significantly higher in pigmented than in amelanotic cases
[Mann-Whitney U statistic [MW-U=180.00; p<0.001].
INC was also significantly higher in pigmented than in
amelanotic melanomas [r=16.567 with 25° of freedom,
p=<0.001]. In contrast, VM was significantly higher in
amelanotic melanomas compared to pigmented melanomas
[MW-U=0, p<0.001].

Pigmented Melanomas

Pigmentation and INC are positively correlated with each
other [Pearson’s correlation coefficient=0.941; p<0.0001],
whereas pigmentation is negatively correlated with VM
[Pearson’s correlation coefficient=—0.853; p<0.0001]. INC
and VM are negatively correlated with each other
[Pearson’s correlation coefficient=—0.942; p<0.0001].

Amelanotic Melanomas

Pigmentation and INC are positively correlated with each
other [Pearson’s correlation coefficient=0.907; p<0.0001]
whereas pigmentation is negatively correlated with VM
[Pearson’s correlation coefficient=—0.954; p<0.0001]. INC
is also negatively correlated with VM in amelanotic tumours
[Pearson’s correlation coefficient=—0.943; p<0.0001).

Vascularisation

Incorparated Microvasculature [INC]: (Fig. 2)

In the pigmented areas, the tumor growth is toward
preexisting blood vessels around the peripheral margins.

Tongues of tumor cells extend towards and encircle
marginal blood vessels and the surrounding fibrous con-

nective tissue. The vessels ultimately get incorporated
within the tumor substance to sprout endothelial buds
which enter and branch within the adjacent tumor sub-
stance. These vessels are still connected to the existing
vasculature and the general circulation (Fig. 2a).

INC is the main form of vascularisation in pigmented
tumors forming 88.7%. The marginal layers of the tumor
cells at the stroma-tumor interphase are positive for integrin
[xsP1] [85.7%] and LN5 [98.4%], both required for
preparing the ECM for spread of the tumor cells as well
as the vascular network (Fig. 2d,e). This induces prolifer-
ation of the adjacent blood vessels, which throw out
endothelial buds. The endothelial buds cannelise, acquire
a silver positive basement membrane, and a surrounding
connective tissue matrix. As the blood vessels mature they
show extensive branching into the tumor substance. Tumor
cells interact with the neovasculature to ensheath the
vessels and grow out into several layers as seen on reticulin
staining (Fig. 2a-c).

INC is significantly higher at the margins as quantified
by counting the blood vessels at the margins and well
within the tumor growth. On an average 8.18 vessels/HPF
are observed near the invasive margins while there are 1.9
vessels/HPF within the tumor. At the margins a maximum
of 14 and a minimum of five vessels/ HPF are observed. In
the areas of main tumor growth a maximum of four and a
minimum of one are observed. Thus as there is a significant
difference between angiogenic vessels at the invasive
margins and within the tumor, in a rapidly growing tumor
the central portions recede from the margins and are
deprived of vascularisation.

Vasculogenic Mimicry [VM]: (Fig. 3a—d)

There is no necrosis in amelanotic tumors in spite of rapid
proliferation with low differentiation. The rapidity of
growth outstrips the vascularisation by INC as observed
in the pigmented areas. The bulk of the tumor is composed
of sheets of uniform cells, most areas being rapidly
distanced from the available blood vessels at the periphery.

In many areas there is a disruption of the sheets of cells.
Collections of LN5 and integrin [o¢s[3,] positive cells form
a loose network within the sheets and chords of tumor cells.
Irregular spaces appear within these areas which expand
into islands of hemopoeisis, blood filled spaces with
megakaryocytes, myeloid and erythroid series of cells with.
These spaces abut directly on to the tumor cells (Fig. 3a).

On tracing the spaces further, blood filled lakes are seen
with red cells derived from the hemopoeitic areas within the
tumor. The lining tumor cells become flattened to resemble
endothelial cells (Fig. 3b—c). The spaces narrow down to
form sinusoid like tubes lined by the flattened endothelial-
like cells positive for HMB45 (Fig. 3d).
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Fig. 2 Vasculaure in pigmented
tumors along with camera lucida
[CL] tracings: a pre existing
stromal vessels enclosed by the
extending columns of tumor
cells. Pigment can be seen in the
surrounding tumor cells
[HEX40]; b Capillaries grow
out of the pre-existing marginal
and stromal blood vessels to
extend into the margins of the
tumor [reticX40]; ¢ well formed
thin-walled vessel within the
tumor [HEX100]. d Marginal
tumor cells showing osf3;inte-
grin positivity [mAbintX100]; e
LNS positivity at the tumor/
stroma interphase
[mALNS5X100]

These tubes narrow down to form a network of
innumerable capillaries closely associated with the tumor
cells as can be seen in the figure. In many areas within this
rich network, the lining cells show further differentiation
into primitive fibroblastic activity in the abluminal area and
show WPB within. HMB45 positivity highlights the
melanocytic origin of the capillary network (Fig. 3e).

LNS5 [71.4%] and integrin [asf3,] [57.1%] positivity is
seen at the margins of amelanotic areas abutting on the
surrounding tissue. The reactivity of the stromal vasculature
is similar to that seen in the more differentiated areas.

Combined INC and VM: (Fig. 4)

There is a transition between the two extreme forms of
vascularisation, correlating with the level of pigmentation,
INC being prominent in pigmented tumors [88.7%], while
de novo VM is prominent in amelanotic tumors [68.3%].
Pigmented tumors do not show exclusive INC while
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amelanotic tumors do not show pure INC areas, 31.7%
showing a combination. (Fig. 5)

In the pigmented tumors 14 of 150 sections [9.33%] and
in the amelanotic tumors 38 of 120 sections [31.7%] show a
combination of classical INC as well as VM. LN5 and
integrin [os[31] positive cells are seen within the sheets and
chords of tumor cells. Irregular crevices appear within these
groups of tumor cells to form channels. Cells lining VM
channels show 91.4% integrin «sf3; and 93.8% LNS5
positivity indicating that these are aggressive and invasive
cells. Single or small groups of tumor cells separate from
the main mass to spill into these spaces. The lining tumor
cells flatten to form capillary channels which then connect
with the vascular network.

These areas coexist with well formed INC channels
surrounded by expanding layers of tumor cells. Simulta-
neous INC is observed, at the margin between the tumor
and the stroma. 19.25% combined vascularisation is seen in
the entire group.
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Fig. 3 Composite picture trac-
ing the development of the self-
propagating vascular system in
amelanotic melanomas. Camera
lucida [CL] diagrams are given
alongside to trace the progres-
sion of vasculature. a Cavernous
spaces appear with sheets of
amelanotic cells. These show
hemopoeitic activity with mega-
karyocytes [>>], erythroid and
myeloid cells [M]. b Irregular
cavernous spaces lined by viable
tumor cells elongate to form
sinusoids. ¢ There is further
refinement with flattening of the
lining tumor cells. d Blood filled
cavernous as well as endothelial
tubes are seen. Inset shows
HMBA4S5 positivity of lining
cells. e Endothelial tubes prolif-
erate to form a capillary network
with the appearance of young
fibroblastic stroma. Inset shows
HMBA45 positivity of the sur-
rounding cells
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Fig. 4 Combined vasculature in Q. &
tumors with both pigmented and o
amelanotic nodules with CL
diagrams: a area showing an
angiogenetic capillary with VM
within the surrounding tumor
showing LNS5 positivity; a is an
angiogenic vessel with a mantle
of tumor cells and V indicates
the VM areas; b os[3integrin
positive cells line the vascula-
genic network connecting; ¢
laminin5 positive cells at sites of
vasculogenesis

[mAbBLN5X100]; d serial sec- b I
tion shows cells positive for ?

otsBintegrin [mAbintX100] integrin

LN5

Discussion

From these observations it is evident that there are diverse
modes of vascularisation in melanomas. These depend on
the size, stage and differentiation (as assessed by pigment)
and proliferation of the tumor. Melanoma progression is
characterized by an increase in both metastatic frequency
and the vascular density of the tumor tissue. Metastasis is
invariably preceded by angiogenesis. Vertical growth phase
[VGP] melanoma [nodular melanoma] or the ability of
melanoma cells to undergo proliferation in three dimen-
sions is a highly angiogenic and proliferative lesion [8, 9].

Tumor vascularization is a vital process for the progres-
sion of a neoplasm from a small localized tumor to an
enlarging tumor with the ability to [2]. Tumors regulate the
angiogenic switch by changing the balance of angiogenesis
inducers and countervailing inhibitors [10]. This imbalance
may be caused by either hypoxia [low oxygen tension] or
genetic alterations that activate oncogenes and/or inactivate
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tumor suppressor genes. VEGF can be directly activated by
the oxygen sensing, transcription factor hypoxia induced
factor-1 alpha [HIF-1a].

The successful development of tumor vasculature is due
to the remodeling of preexisting vasculature in host tissues
surrounding the growing tumor mass and starts concurrent-
ly with tumor cell invasion. Such vessels enlarge and
actively engage in sprouting and branching to meet the
metabolic demands of adjacent malignancy [10, 11].
Angiogenesis is also defined as the sprouting of blood
vessels from preexisting ones and begins by focal reduction
of vascular intercellular interactions and interactions
between vascular cells and the extracellular matrix [ECM]
[2, 12].

Human tumors are highly heterogeneous in vascular
architecture, differentiation and functional blood supply.
Vascular immaturity is a natural consequence of a geneti-
cally based unlimited expansion of tumor cells, compared
to the well-regulated growth of different organs during
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embryogenesis. Unlimited tumor expansion and therefore
the continuous stimulation of vessel outgrowth prevent
endothelial cells from generating a mature vasculature, but
are instead continuously stimulated to expand the vascular
compartment of the growing tumor [13].

To meet the demands of the growing population of
tumor cells a complex interaction occurs between the
advancing tumor and the surrounding blood vessels in the
melanotic tumors. As seen in this study the tumor cells at
the advancing edge produce LN5 and integrin [ocsf3;] both
of which are involved in the dissolution of the local ECM
to allow the cells to move forth further. This is accompa-
nied by the growth of endothelial buds towards the tumor
margins to enter the substance and grow into larger vessels,
thus initiating tumor angiogenesis in the pre-existing
vasculature. Columns of tumor cells advance towards blood
vessels and enclose them along with their surrounding
stroma. These are gradually incorporated into the body of
the main tumor and further extend capillary sprouts into the
surrounding tumor mass. Tumor cells proliferate around
these thin walled vessels with further expansion of the
tumor, The above process of capillary incorporation,
predominates in the pigmented areas of the tumor.

i

Vi

W

N L
l7>/’ " g :"f\—:
b PRI

pe " :’, P

vasculogenic

combined g
mimicry

angiogenesis &
vasculogenic
mimicry

In the amelanotic rapidly progressive areas the central zone
quickly loses contact with the stroma and the angiogenic
vessels. Collections of LNS5, integrin [axsf3;] positive cells
form a loose network within the sheets and chords of tumor
cells to form the nidus for VM. These form irregular spaces
which, on close scrutiny, show haemopoeitic activity which
includes erythroid, myeloid and megakaryocytic series of
cells. The spaces continue into lakes of blood with flattened
tumor cells which are positive for melanocyte markers,
HMB4S5, indicating their melanocytic origin. The spaces
extend to form a tubular network with an endothelial lining,
which acquire WPB to further mature into a rich capillary
network. The more mature areas show early connective
tissue formation. Here the surrounding amelanotic cells are
closely associated with the capillaries (Fig. 2).

During embryogenesis, the formation of primary vascu-
lar networks occurs via vasculogenesis with the formation
of blood islands in the extraembryonic yolk sac [3]. Blood
islands develop from aggregates of mesodermal cells at
approximately 7 days post coitum of mouse development.
They consist of an inner layer of primitive hematopoietic
cells and a peripheral population of angioblasts which
differentiate into endothelial cells.
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A similar process occurs in the amelanotic melanoma
under the stress of rapid proliferation, to give rise to
hemopoeitic cells that normally derive from germ layers
other than the neuroectoderm and neural crest [14—18]. First
hemopoeitic cells form and then endothelial cells to self
propagate a rich and abundant vascular network resembling
the embryogenetic process.

In tumors with fewer amelanotic areas INC is prominent
while in tumors with predominantly amelanotic nodules VM
is the main feature with a few areas of INC. In mixed nodules
along with angiogenic vasculature, the surrounding sheets and
chords of tumor cells show areas where there are collections of
LNS and integrin [osf3,] positivity. These form a nidus for
slit like spaces to form (Fig. 4c, d). These widen into
sinusoidal spaces, lined by the HMB45, positive tumor cells
which further flatten to continue into a network connecting
with the surrounding angiogenic capillary network.

On casual observation these areas appear to be artefac-
tual or due to necrosis. The presence of mitosis and the
LNS5/integrin[ s 31] positivity in the bordering cells suggest
that these are cells which have switched to an aggressive
invasive phase. Thus as the melanocyte becomes poorly
differentiated there is a switch over to the rapid fire
vascularisation to facilitate rapid growth, mimicking em-
bryonic conditions. LN5 and integrin «s3; positivity in the
tumor melanocytes heralds this switch.

LNS5 and integrin o531 are important for the invasion of
the stroma. In aggressive primary and metastatic melano-
mas, the tumor cells generate acellular microcirculatory
channels composed of ECM and lined externally by tumor
cells [4]. The name “vasculogenic mimicry” was given as
aggressive tumor cells generate non-endothelial cell-lined
channels delimited by ECM. The molecular profile of
aggressive cutaneous and uveal melanoma cells is described
as that of multiple phenotypes similar to a pluripotent,
embryonic-like stem cell [4, 19].

Laminin 5 plays an important role in cell migration
during tumor invasion and tissue remodeling. Akimoto et
al. [2004] [20] reported LamininS (33 and y2 chains
expression in the cytoplasm of tumor cells at the cancer-
stromal interface and at the invasive front in squamous cell
carcinoma of the tongue and of colorectal carcinoma.
Furthermore, strong expressions of these two proteins were
observed in cancer cells invading in a scattered manner
[21-23].

Goldfinger et al 1999 [24] proposed a model to explain
the role of LN5 and its integrin receptors [, 33 & s3] in
epithelial wound healing. Upon wounding, production of
LNS5 is upregulated. This results in deposition of unpro-
cessed o3 laminin subunit in the form of arcs or circles at
the leading edge of the wound. The integrin o;(3; interacts
with the unprocessed o3 laminin subunit to help cell
migration over the wound bed.
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Results suggest that co-expression of the two (33
integrins, o3 and «llb@3, in human melanoma cells
enhanced cell survival and promoted growth in vivo [25].
Do6me B, and his group, has outlined the role of «IIbf33 and
avP3 integrin in human melanoma growth and survival
[26, 27].

It has been observed that «5 integrin promotes in vitro
and in vivo survival of cells in metastatic melanoma [28,
29]. «sP3; expression is correlated not only to migratory
behavior of malignant cells but also to the need for normal
human melanocytes to adhere, spread and migrate in the
provisional matrix present in skin wounds. In the case of
tumor cells, it is of advantage to have less o33 and more
«sf3 integrin to facilitate rapid binding to blood clots and
other matrix components. Thus a shift from o35 to 53,
signals enhanced invasiveness increased motility [30-33].

Thus, biologically advanced melanoma cells can take
over all or part of stromal functions. This constitutes the
concept of “tumor dominant plasticity”, which takes into
account the flexible responses of malignant cells to micro-
environmental pressures while maintaining dominance over
the normal parenchymal as well as stromal cells. From this
study it is observed that aggressive amelanotic melanomas
can self propagate a vascular network for efficient and rapid
progression and metastatic spread.

AW Griffioen and colleagues, have demonstrated that
harmful endothelial cell anergy can be counteracted by
inhibitors of angiogenesis. Anginex inhibits tumor growth
and microvessel density significantly, the amount of
infiltrated leukocytes [CD45], as well as the number of
CDS8" cytotoxic T lymphocytes, was enhanced markedly.
The results suggest that immunotherapy strategies can be
improved by combination with anti-INC [34-38]. However
in view of the varying types of vascularisation evident in
melanomas as seen in this study the therapeutic strategies
have also to target the self propagating vascular networks
within the tumor, not involving the angiogenic pathways.
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