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The microcirculation of choroidal and ciliary body
melanomas is remodeled into architecturally dis-
tinctive patterns. The presence of two histologic
microvascular patterns, networks and parallel
vessels with cross-linking, is strongly associated
with metastasis. This study was designed to test the
hypothesis that networks and parallel vessels with
cross-linking patterns are not distributed evenly
throughout the tumor. From a set of 234 eyes
removed for ciliary body or choroidal melanoma,
152 tumors contained at least one focus of either
vascular networks or parallel vessels with cross-
linking. Histological cross-sections were digitized
and foci of tumor containing these patterns were
pseudocolorized so that their location within the
periphery or central tumor zone could be mapped.
Ciliary body and choroidal melanomas vary widely

in size and shape and it is not appropriate to
describe the periphery of a tumor as a fixed value
because in a small tumor, the periphery thus
defined would occupy a larger percent area than in
a larger tumor. In this study, the peripheral and
central zones of each tumor were described by a
function that was constant from tumor to tumor,
allowing the width of the peripheral and central
zones to vary proportionally with tumor size.
Observed counts of vascular patterns per zone were
compared statistically with expected counts based
upon the percent area occupied by the peripheral
and central zones. Discrete foci of networks and
parallel with cross-linking vessels are over-repre-
sented in the tumor periphery (p < 0.0001). (Patho-
logy Oncology Research Vol 2, No 4, 229-236, 1996)
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Introduction

There are few descriptions of the localization of
vascularization within tumors. In one experimental model
of mouse mammary adenocinoma transplanted to skin,
tumor vascularization developed at the tumor periphery.’
In a histologic study of human radical prostatectomy
specimens. prostatic carcinomas were found to be vascula-
rized preferentially at the tumor center.”
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When an eye is removed for ciliary body or choroidal
melanoma, the entire tumor and adjacent normal tissue are
available for histologic study. It is therefore possible to
map the location of prognostically important histologic
features such as microcirculatory patterns. In ciliary body
and choroidal melanomas, generation of the tumor micro-
circulation is a critical step in establishing metastases
because there are no lymphatics within the uvea.’ How-
ever, there is more to angiogenesis in choroidal and cilairy
body melanomas than the production of new blood
vessels: the microcirculation of these tumors remodels
extensively,” producing microvascular patterns.

Nine microcirculatory patterns have been identified from
histological sections of eyes removed for ciliary body and
choroidal melanomas.*® Two of these patterns, networks
(defined as at least three back to back vascular loops) and
parallel vessels with cross-linking, are very strongly asso-
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ciated with death from metastatic melanoma.”® It is not
known if the microcirculatory patterns associated with
metastasis in ciliary body and choroidal melanomas tend to
develop in the tumor center, the periphery. or if they tend to
be distributed equally throughout the mass.

There is a pressing practical need to determine if there is
a preferential localization of microcirculatory patterns in
ciliary body and choroidal melanomas. These tumors are
among the few forms of cancer treated before a pathologist
grades the neoplasm for biological aggressiveness. It is not
possible to obtain incisional biopsies of the tumor without
inflicting visual loss, and fine-needle aspiration biopsies
do not yield material that is sufficiently representative to
be of prognostic value.” "'

The development of non-invasive techniques to detect
prognostically significant patterns might provide
ophthalmologists with information to separate clinically
those patients at high risk for metastasis from those at
lower risk. Preliminary data suggest that two imaging
techniques may be capable of detecting the presence of the
prognostically significant microcirculatory patterns clini-
cally. Power spectrum analysis of raw radiofrequency
ultrasound data'™" may be used clinically to identify
acoustic scatterers of certain sizes and concentrations in
choroidal and ciliary body melanomas that correlate well
with the presence of networks histologically." Another
technique, indocyanine green angiography augmented
with digital scanning confocal fundus photography'® may
be capable of imaging directly the microcirculation of
uveal melanomas situated posteriorly."”

This study was designed to determine if the prognostically
significant microvascular patterns of networks and parallel
vessels with cross-linking are distributed evenly throughout
the choroidal and ciliary body melanomas, in the tumor
periphery, or in the center of the tumor. This information
may provide insight into the biology of angiogenesis and
vascular remodeling in these tumors and may be useful in
assisting those who are developing and implementing imag-
ing techniques to detect these patterns clinically.

Material and Methods

Case selection and histological techniques

The cases used in this study were the same 234 cases
used to investigate the relative prognostic significance of
conventional histologic parameters of prognosis and vas-
cular patterns; this dataset has been characterized previ-
ously.”'™ Briefly, cases were excluded if the tumor
involved only the iris, the lesion was a nevus, the tumor
was more than 50% necrotic, representative material was
not present in the paraffin blocks, the tumor had received
pre-enucleation radiation therapy, the patient had more
than one malignancy at the time of the enucleation, or the
patient was enrolled in the Collaborative Ocular Melano-

ma Study."”™ The tenets of the Declaration of Helsinki
were followed.

Two adjacent sections from each of these 234 tumors
were stained with hematoxylin-cosin and the modified
periodic acid-Schift (PAS) without hematoxylin stain. The
slide stained with the modified PAS reagent was used
previously to detect vascular patterns as described previ-
ously,™® and demonstration of microcirculatory patterns
with this method. even after melanin bleaching in heavily
pigmented tumors, has been shown to correlate with the
identification of tumor microvessels stained with Ulex
europaeus agglutinin 1.32"* The slide stained with hema-
toxylin-eosin was used previously to measure the largest
tumor dimension in contact with the sclera,™ count mitotic
figures, determine cell type,” and count the number of
tumor infiltrating lymphocytes.*

From this dataset, 152 cases contained at least one focus of
either networks or parallel with cross-linking patterns. His-
tological sections of these tumors were scanned digitally at
72 dots per inch resolution resulting in a magnification of
X38 using a Nikon L.S-3510 film scanner (Nikon, Inc, Elec-
tronic Imaging Department, Melville, NY, USA). Images
were enhanced in the following manner using Adobe Photo-
shop, Version 3.0 (Adobe Systems, Mountainview, CA,
USA) running under Microsoft Windows, version 3.11 (Mic-
rosoft Corporation, Bellvue, WA, USA) on a Hewlett-Pac-
kard Vectra 486 66-ST microcomputer (Hewlett-Packard,
Palo Alto, CA, USA). The appearance of PAS positive mic-
rocirculatory patterns was enhanced by selecting the green
channel, producing the same effect as introducing a green
filter into the light path of a photomicroscope. The image was
converted 1o a gray scale image and this positive image was
converted to a negative image, rendering the vessels white
against the dark background of the tumor stroma.™

Figure 1. Digitized image of a histologic cross section of a
choroidal melanoma. This is a negative of the gray scale of this
image. The two areas in the tumor occupied by networks have
been colored red and the areas occupied by parallel with cross-lin-
king have been colored yellow (PAS without Jiematoxylin, orig-
inal magnification x38).
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Figure 2. Digitized image of a histologic cross scction of an ir-
reqularly shaped choroidal melanoma. The edge of the tiunor has
been traced in blue. The tracing of the edge was reduced by 25%
and is represented in the yellow tracing that is fit within the
tumior. Note that this technique does not generate a peripheral
zone of wniform thickness around the circumference of the tumor
(PAS without ematoxylin, original magnification x38).

Areas of the tumor containing networks and parallel
with cross-linking patterns were painted on digital images
of tumor cross-sections using the convention of coloring
networks in red and parallel with cross-linking patterns in
yellow (Fig.1).

Muapping the Location of Prognostically Significant Patterns

An intuitive approach to describe the position of the
vascular patterns within a tumor might involve reducing
the image size of a tumor by a fixed percentage and fit-
ting the reduced image inside the original tumor to
fashion a peripheral zone. For example, one might
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attempt to trace the outline of a melanoma and reduce the
area outlined by a fixed percentage. However, unless the
melanoma is circular in outline, the reduction in size is
not distributed uniformly along all vectors and the periph-
eral zone thereby defined is not distributed evenly within
the tumor edge (Fig.2).

It is also not appropriate to use absolute measurements
to describe the peripheral zone of a melanoma. For
example, if one defines the peripheral zone of a ciliary
body or choroidal melanoma as a band with a width of |
mm along the internal edge of a tumor, then the peripheral
zone of a small tumor is proportionally wider than the
peripheral zone of a larger tumor (Fig.3).

In order to define the tumor periphery so that it is propor-
tional to the size of the tumor but based on a function that is
constant from tumor to tumor. the width of a peripheral zone
was defined in this study as a fixed proportion of the diam-
eter of the largest circle that could be fit within the outline of
a tumor. For example, in the tumor illustrated in Fig.4a, the
diameter of the largest circle that can be fit within the tumor
is measured at 563 pixels. By theoretically rolling a circle
along the inner edge of the tumor that is 1/8 the diameter of
this largest circle fit (70 pixels), a peripheral zone was
fashioned (Fig.4b). In tumors that have tapered edges, the
tumor tissue peripheral to outer zone is considered to be part
of this outer zone (Fig.4b and ¢).

Two additional concentric zones of bands, each 1/8 of
the width of the largest circle fit within the tumor, were
fashioned internal to the most peripheral zone: the re-
maining area was designated as the most central zone
(Fig.5). The technique used to create these zones with
commercially available software is summarized in detail
in Table I.

For the purposes of recording location. each band was
described by the color assigned to it (yellow, red, green

Figure 3. Digitized images of the histologic cross sections of two choroidal melanomas. A peripheral zone is painted with
arbitrarily chosen fived width of 0.38 mm. By defining the periphery as a band with o width fixed from nonor to tuwnor, the
peripheral zone occupies less area in a large tumor (left) than « small tumor (right: both figures. PAS without hematoxylin, original

magnification x38).
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and blue, representing most peripheral to central respect-
ively, Fig.5). A vascular pattern fully contained within
one of the four mapping zones was designated as a dis-
crete focus. A span was defined as a vascular pattern that
crossed into more than one zone. Thus, a span of two
zone crossings can be accounted for in a tumor in the
following three ways: a pattern that extends from yellow
to red, from red to green, or from green to blue. A span
of three zone crossings can be accounted for in a tumor
in only two ways: a vessel pattern that extends from
yellow to red to green, or a pattern that extends from red,
to green, to blue. A span of four zone crossings would be
a vascular pattern that extends from yellow to red to
green to blue.

The number of spans per tumor was recorded together
with the locations of the zones affected by each span.
Fig.5 illustrates a tumor that contains foci of both paral-
lel with cross-linking and networks. The tumor illus-
trated in Fig.5 contains 2 foci of networks and one
focus of parallel vessels with cross-linking in the most
peripheral (yellow) zone, one focus of parallel vessels
with cross-linking in the zone just interior to the most
peripheral (red zone), two small spans of networks
crossing two zones, from most peripheral to the zone
just interior (crossing from yellow to red, upper left and

Figure 4. Digitized images of the histologic cross section of one
choroidal melanoma to illustrate the stages in creating zones. 4a.
Areas in the tumor occupied by networks and parallel with cr-
oss-linking patterns are indicated in red and yellow respectively.
The largest circle that can be fit within the contour of the timor is
indicated in blue. 4b. The most peripheral zone is painted in
yellow at 26% opacity to permit the areas occupied by networks
and parallel with cross-linking to be visualized. Note that by
"rolling” a circle with a diameter equal to 1/8 the diameter of te
largest circle that can be fit within the tumor, small zones are
created in the tapering edges of the tumor that are not part of this
peripheral zone (white arrowheads). These tips are considered by
definition to be part of the peripheral zone. 4c. The tips are filled in
with the color of the most peripheral zone. The inner Hiree zones
are fashioned according to the method outlined in Table 1 (all
figures, PAS without hematoxylin, original magnification x38).

bottom right of the tumor), and one large span of net-
works with three crossings from yellow to red, red to
green, and green to blue.

Statistical Methods

In order to determine where the vessel patterns of net-
works and parallel with cross-linking develop in a tumor,
descriptive analyses were performed, using chi-square
tests for trend (observed number of foci or spans versus
expected numbers of foci or spans). Comparisons were
made for 2 and 3 zone crossings and for 2 zone crossings:
no comparison was done for 4 zone crossings as there is
only one way that such a span might occur in a tumor
(yellow to red to green to blue).

The observed number of discrete vessel pattern foci per
each zone were counted by summing the number of foci of
the particular pattern in each zone in each tumor. The
expected count per tumor was calculated by multiplying
the total number of foci of either networks or parallel
vessels with cross-linking found in the tumor by the pro-
portion of cross-sectional area occupied by the zone of
interest. For each tumor, the expected values were sub-
tracted from the observed values and the result was
summed over all tumors containing the vessel pattern of
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Figure 5. Same tumnor as illustrated in Figure 4. All zones have
been fashioned and are labeled according to Hie convention suni-
marized in Table T (PAS without hematoxylin, original magni-
fication x38).

interest (either networks or parallel vessels with cross-
linking). The result (A) was squared and is the numerator
ol the chi-square statistic. The denominator (B) is the
variance calculation per tumor summed over all tumors
containing the particular vessel pattern.”” The calculation
of single degree of freedom chi-square statistic is therefore
expressed by the formula

X =AB
k k
where A =3 (v—nI1) and B =X n IT(/-11,).
] /

In this formula, k& equals the number of tumors with the
particular vessel pattern (i.e.. for discrete foci of networks, &
=74 as there were 74 tumors that contained discrete foci of
networks), v; equals the number of vessel patterns of a par-
ticular type that are observed in a particular zone, n; is the
total number of vessel patterns of a particular type found
anywhere in the tumor and P, is the proportion of the cross-
sectional area of the tumor accounted for by a given zone.

Spans of networks or parallel vessels with cross-linking.
by definition. occupy more than one zone. In the calcula-
tion of chi-square statistics for spans, the observed number
of spans equals the number of spans contained within the
zones on either side of the zone crossing. For example, in
a 2 zone crossing from yellow to red, the observed number
of spans equals the number of spans detected in these two
zones. and in a three 7one crossing of yellow to red to
green, the observed number of spans equals the number of
spans detected in these three zones. The expected number
of spans per tumor was calculated separately for spans of 2
and 3 zone crossings. For spans that crossed two zones,
the expected number of spans in any given 2 zones equals
the total number of spans that crossed two zones anywhere
in the tumor multiplied by probability of the span falling in
the two zones of interest. For example, for a span that
crossed from the yellow to red zone, the probability of the
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span being in these zones is the sum of the proportional
area of these two zone divided by the sum of the propor-
tional areas of all contiguous two zone combinations
within the tumor. The expected number of spans of 3 zone
crossings is calculated similarly.

To adjust for multiple comparisons, p-values for the one
degree of freedom chi-square test statistics for discrete
foci and for spans of 2 zone crossings were calculated by
referring this statistic to a chi-square with degrees of free-
dom determined by the size of the original contingency
table (i.e.. 3 degrees of freedom for foci and 2 degrees of
freedom for spans of 2 zone crossings). This procedure
controls the frequency of Type I errors in a conservative

Table 1. Method to fashion zones for histological sec-
tions of ciliary body and choroidal melanoma*

1. Digitize an image of the histological section of the tu-
mor.~

2. Paint areas within the tumor containing networks and

parallel with cross-linking patterns. It is helpful to use a

separate color for each of these patterns (in this study,

networks were indicated by red and parallel with
cross-linking with yellow).

Add alayer to the image fashioned in step 2.

4. Software preferences are set to indicate the paintbrush
size in pixels, and the largest circular paintbrush is fit
within the tumor by trial and error. The diameter of the
paintbrush in pixels is recorded. For very large tumors
exceeding the maximum pixel size for the paintbrush,
one may use the elliptical marquee tool which may be
constrained to fashion the largest circle that can be fit
inside the tumor. The diameter of a circle fashioned in
this manner may be measured by the line tool set to
zero pixels for line width. This number is the width of
the peripheral band. In this study, the diameter of the
largest circle was divided by 8 to create four zones. In
practice, one may divide the diameter of the largest
circle by 4 to create two zones (a periphery and a core),
as the frequency distributions of patterns between two
zones is statistically significant (see results).

5. Use the path tool to trace the circumference of the
tumor using the "drag and click” method with the
mouse. Make a selection from the path, then deselect
the path.

6. Select a color (in this study, yellow is used for the ou-
termost of the zones, but any color may be substituted)
and fill at 26% opacity to avoid obscuring the underly-
ing painted zones that identify the location of networks
and parallel with cross-linking patterns. Contract the
selection as often as necessary to contract the band by
the number of pixels equal to the band width as calcu-
lated in step 4.

7. Select the clear function and fill with a different color
(in this study, the zone internal to the yellow zone was
colored red), and fill at 26% opacity as before.

8. Repeat steps 6 and 7 twice more until four zones are
fashioned.

9. Select None, merge the layers, and save the image.

[

* This technique described below refers to functions in Adobe
Photoshop, version 3.0 (Adobe Systems, Mountainview, CA)
for illustrative purposes. Other software tools that accom-
plish the same effect may be substituted.
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fashion and is used as the basis for the p-value calcula-
tions.™ The critical values for the chi-square test statistics
for spans of 3 zone crossings were determined using the
value found for a chi-square with one degree of freedom.

Results

Of the 152 cases in this series that contained at least one
span or focus of either networks or parallel with cross-lin-
king, the two patterns associated with metastasis {from
choroidal and ciliary body melanomas.*”" 33 wmors
(22%) contained only discrete foci and no spans. 28 tu-
mors (18% ) contained spans but no discrete foci, and 91
tumors (60% ) contained both spans and discrete foci.

Table 2. Comparison between number of expected and
observed discrete foci and of vascular networks and
parallel vessels with cross-linking*

Nuiber — Nuniber Vari- Chi-
Zone of expected of observed . square p
L S ance . !
foci foci statistic

Discrete foci: networks (74 tumors)

Most periph-

eral (vellow) 98.19 159 54.7 67.60  <0.0001
Internal to pe-

ripheral (red) 63.79 37 46.3 17.89  0.0005
External to

center (green) 43.87 24 35.2 11.22 0.0106
Center (blue) 15.15 3 14.0 10.54  0.0145

Discrete toct of parallel vessels with cross-linking (112 tumors)

Most periph-

eral (vellow) 185.20 305 1023 14033 <0.0001
Internal to pe-

ripheral (red) 122,80 73 86.5  28.68  <(.0001
External to

center {green)  81.27 31 65.3  38.72 <0.0001
Center (bluce) 26.74 7 24.8 1569 0.0013

* Zone colors correspond to scheme described in the text (see
also Figure 5 for example). Number of Expected Foci is caleu-
lated as described in section on statistical methods. Degrees
of treedom for chi-square for cach individual comparison of
obscerved and expected is 3 for p-value calculations. Overall
chi-square statistic for networks is 107.25 with 3 degrees of
freedom (p < 0.0001); overall chi-square statistic for parallel
vessels with cross-linking is 233,425 with 3 degrees of free-
dom (p < 0.0001).

For dicerete Foci hoth netwarkie and narallel veceel
with cross-linking are over-represented in the most periph-
cral zone. and under-represented in the three more interior
overall chi-square p-value < 0.0001).
indicating a clear tendency for these patterns associated

cones i luble 2.
with metastasis to form in the periphery. For spans that
cross three zones (15 tumors had network spans of 3 ¢cross-
mges and 19 tumors had 3 zone crossings ot parailel vessels
with cross-linking). there is no significant trend for net-
works or parallel vessels to form either in the wmor peri-

phery or in the center (p = 0.2369 and 0.0807 respective-
ly). For spans that cross two zones. networks are distrib-
uted in both the periphery and in the tumor center as
expected (Table 3. p = 0.0715 and p = 0.4207). For spans
that cross two zones. parallel vessels with cross-linking
are over-represented in the periphery (yellow and red)
compared with the center (green and blue, Tuble 3. p =
0.0001 and 0.7293 respectively).

Discussion

The microcirculation  architecture of choroidal and
ciliary body melanomas may be used to describe tumor
progression in this system. In the earliest primary mela-
nocytic protiferations induced in the rabbit choroid by the
repeated topical application of the chemical carcinogen.
7.12-dimethylbenz|afanthracene (DMBA).,
ageregated around normal pre-existing choroidal vessels.
As the lesions grew. zones of avasculurity developed
within the lesions.™ ™ Similarly, human choroidal nevi
contain only normal vessels, straight vessels. parallel

melanocytes

arrangements ol straight vessels without cross-linking, and
avascular zones. Patients who have melanomas that con-
tain only those microvascular patterns found in nevi have a
significantly improved prognosis than those patients with
melanomas that contain  microcirculatory patterns not
found in nevi (such as arcs. arcs with branching. closed
vascular loops. networks and parallel vessels with cross-
linking).” In Cox rcgression models. of the histologic

Table 3. Comparison between number of expected and
observed spans formed by vascular networks and paral-
lel vessels with cross-linking*

. o Sunrof  Sumof  Vari- Chi-
Z011¢ crossing . - . y
¢ CXPe ted obsereed  ance SfHre !

Network spans crossing tivo zones (38 tumors)

Most peripheral to
next internal zone

(,\"x‘llm\'-rod) 534.87 07 2790 A28 0.0715
center to zone just

external to center

(blue to green) 20.36 5 16.6 .73 04207

Parallel with cross-linking spans crossing two zones
U6 tumors)

Most peripheral to
nextinternai zone

(vellow-red? 110.23 142 SR560 IS8 16 ~0.0001
Center to zone just

external to center

(blue to green) 39.52 35 324 .63 0.7293

“ Zone colors correspond to scheme described in the text (see
also Figure 3 tor exampier. Number ot Expected Span Cross-
imgs s calculated as described in section on o statistical
methods. Degrees of treedom for chi-square tor cach com
parison of observed and expected s 2 for p-value caleula-
fons.




Mapping Vascular Patterns ot Ciliochoroidal Melanomas 235

ERNEY

variables studied including tumor size and cell tvpe.
the detection of microvascular networks has the strongest

association with metastasis. Theretore. not all forms of

anglogenesis in this twmor svstem are associated with
metastasis: remodeling of the microcirculation into net-
works and parallel vessels with cross-linking are. how-
ever. potent markers of tumor progression.

This study does not report the location of all expressions
ol tumor angiogenesis and is therefore not entirely parallel
to studies that report tumor vascularization at the peri-
phery' or in the tumor center.” This study does suggest that
discrete foci of highly remodeled microvessels. networks
and parallel with vessels with cross-linking, tend to appear
in the periphery of the tumor. rather than in the central

corc. Spans may represent more advanced  stages of

vascularization and remodeling. Nevertheless. there is a
tendency for shorter spans (two zone crossings) of parallel
with cross-linking to appear in the two peripheral zones
more frequently than expected by the proportion of arca
constituted by these zones.

The current study. Tocalizing those microcirculatory pat-
terns associated with metastasis (networks and paratlel
vessels with cross-linking) to the tumor periphery, may
provide a foundation for a hypothesis concerning the
biological events leading to their formation and an expla-
nation for the association between pattern formation and
metastasis. Studies of cultured human cutaneous melano-
ma cells suggest that a somewhat acidic environment
Favors invasion.” Additionally. culiured human uveal
melanoma cells grown in an acidic environment are invas-
ive into Type I collagen gels and are also capable of syn-
thesizing Type VI collagen.* Type VI collagen is present
in remodeling tissues and is considered to be responsible
for pattern formation in the microcirculation and else-
where in the stroma.™

Given the observation that the carliest ciliochoroidal
proliferations incorporate pre-existing vessels, it is reason-
able to postulate that with expansion of the lesion away
from the central core. relative hypoxia in the tumor periph-
ery upregulates factors responsible for angiogenesis. such
as vascular endothelial growth factor (VEGF).***" At the
same time. local peripheral hypoxia and relative acidosis
favor the deposition of extracellular matrix substances
associated with remodeling of the microcirculation and
stroma (such as Type VI collagen). and this microenviron-
ient also favors the ["!iulugi(ﬂ properties of twmor ool
invasion.” The tendency for microvascular networks and
parallel vessels with cross-linking to form in the tumor
periphery and to be associated with metastasis is consist-
ent with this proposed scheme.

It is ditficult to describe precisely and quantitatively
what is meant by the "periphery” of tumors that may vary
in size and shape. In the study of prostatic carcinomas
indicating that tumor vascularization was concentrated in
the center rather than the periphery. the periphery was
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defined in terms of w fixed distance from the edge of the
tumor.” In a large tumor. this distance would be propor-
tionately less than for a small tumor (Fig. 3).

In the current study. the periphery was deseribed quanti-
tatively by a function that could be applied consistently 1o
cach tumor, regardless of size or shape. instead of a fixed
distance. The quantitative description of the tumor periph-
ery was based a lixed percentage of the diameter of the
fargest circle fitinside the tumor’s edges. Parenthetically.
the periphery as defined by this function depends not only

on the size of the tumor. but also the tumor’s shape. For

example. a relatively lat tumor with a farge arca of scleral
contact would generate a peripheral zone that is thin.
Likewise, a tumor that had a relatively narrow basce but
that was greatly elevated would contain a thin peripheral
zone as defined by this technique.

In this study. an arbitrary fraction (1/8) of the diameter

of the Targest circle to tit within the tumor was selected as
a slarting point to generate four zones. This study indi-
cated biological significance to this definition of the peri-

phery as there was a clear tendency for discrete foci of
networks and parallel vessels with cross-linking to appear

in the most peripheral zone thus defined. However. in
other tumor systems, it may be necessary to set the frac-
tion of the largest circle fit within the tumor to another
number to describe quantitatively zones ol biological
stgnificance.

The technique used in this study to define the periphery

of tumors quantitatively and describe the localization of

prognostically significant microvascular remodeling pat-
terns can be applied to other histopathological investiga-
tions that require localization of a feature of interest. Fur-
thermore. this technique may be applied to ultrasonograms
and in angiographic studies for pathology-imaging corre-
lations. These correlations would be important in the
development of non-invasive substitutes for biopsy for
uveal melanomas.'™ "
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