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The microcirculation of choroidal  and ciliary body  
m e l a n o m a s  is remode led  into architecturally dis- 
tinctive patterns. The presence of  two histologic  
microvascular patterns, ne tworks  and parallel 
vesse ls  wi th  cross- l inking,  is strongly associated 
with metastasis.  This study was  des igned to test the 
hypothes i s  that ne tworks  and parallel  vesse l s  with  
cross- l inking patterns are not distributed evenly  
throughout  the tmnor. From a set of  234 eyes 
removed for ciliary body  or choroidal  melanoma,  
152 tumors  contained at least one  focus  of either 
vascular ne tworks  or parallel vesse l s  wi th  cross- 
l inking.  Histological  cross-sect ions were digit ized 
and foci  of  tumor containing these patterns were  
pseudoco lor i zed  so that their locat ion wi th in  the 
periphery or central tumor z o n e  could be mapped.  
Ciliary body  and choroidal  m e l a n o m a s  vary wide ly  
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in s ize  and shape and it is not  appropriate to 
describe the periphery of  a tumor  as a fixed value  
because  in a smal l  tumor, the periphery thus 
def ined w o u l d  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 
funct ion that was  constant from tumor to tumor, 
a l lowing  the width  of  the peripheral and central 
zones  to vary proport ional ly  with  tumor size.  
Observed counts  of  vascular patterns per z o n e  were  
compared statistically with  expected counts  based 
upon  the percent area occupied by the peripheral 
and central zones .  Discrete foci o f  ne tworks  and 
parallel wi th  cross- l inking vesse l s  are over-repre- 
sented in the tumor periphery (p < 0.0001). (Patho-  
logy  O n c o l o g y  Research  Vol 2, N o  4, 229-236, 1996) 

vascularity, image analysis 

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, j 
In a histologic study of human radical prostatectomy 
specimens, prostatic carcinomas were found to be vascula- 
rized preferentially at the tumor center.2 
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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, 4 producing microvascular patterns. 

Nine microcirculatory patterns have been identified from 
histological sections of eyes removed for ciliary body and 
choroidal melanomas. 5'~ 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/"* ll is not 
known if the microcirculatory patterns associated with 
metastasis in ciliary body and choroidal melanomas tend to 
develop in the minor center, the periphery, or if they tend to 
be distributed equally lhroughot]t 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 turnors are 
among thc 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. '~ ~1 

The development of non-invasive techniques to detect 
prognos t ica l ly  s ignif icant  pat terns might provide 
ophthahnologists 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 ~2-H may be used clinically to identi~; 
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 ~6 may 
be capable of imaging directly the microcirculation of 
uveal melanomas situated posteriorly. ~: 

This study was designed to determine if the proguostically 
significant microvascular patterns of networks and parallel 
vessels with cross-linking are distributed evenly throughout 
the choroidal and ciliary body melanomas, in the tumor 
peripheu, 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 tcchniques 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. ~J'~ Briefly, cases wcrc excluded if the tumor 
involved only the iris, the leskm 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 rnalignancy at the time of the enucleation, or the 
patient was enrolled in the Collaborative Ocular Melano- 

ma Study. ~''>' 'Fhe tenets of the Decl:uation of Helsinki 
were followed. 

Two adjacent sections from each of these 234 tumors 
were stained with hematoxylin-eosin and the modified 
periodic acid-Schiff (PAS) without hematoxylin stain. The 
slide stained with the modified PAS reagent was used 
previously [o 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 I. 4 5'21 -'-" 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, 24 and counl the number of 
tumor infiltrating lymphocytes. > 

From this dataset, 152 cascs 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 LS-35 l/) film scanner (Nikon, lnc, Elec- 
tronic hnaging Department, Melville, NY, LISA). hnages 
were enhanced in the following manner using Adobe Photo- 
shop, Version 3.0 (Adobe Systems, Mountainview, CA, 
USA) running under Microsoft Windows, vcrsion 3. I 1 (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 grecn 
channel, producing the same effect as introducing a green 
filter into the light path of a photomicroscope. The image was 
converled to 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 hisfologic cross sectiotz of a 
choroidal melanoma. This is a i~egative of the gray scale of this 
image. The two areas i~l the tumor occupied by m?tworks have 
bec~l colored red and the area, occupied by parallel with cross-lill 
king have beelz colored yellow (PAS without hematoxyIiH, orig- 
inal magnification x38). 
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Figure 2. l)igitizcd image ot a histologic cross qection of m~ ir- 
r~xularly shaped chomidal melat~oma. The edge ~ff the tumor has 
17('e~i traced iH blue. The tmc'illg qt the ('dgc wos reduced [,~,f 25% 
and is re'presenWd m the ,l!Htow tracing &at is /it within the 
tm,(>r. Note &at this tc~lmiq:n' does not ,g~'~wmte ~ pcritdTcml 
zorn' o1: urnform thh?kHess momM tlw circm~ffe~'cncc (!f Ilw lutttor 
(PAS ~vithont hcmatoxylin, ori<gind mognification x38). 

Areas of  the tumor containing itetworks and parallel 
with cross-linking patterns were painted on digital images 

of turner cross-sections rising the convention of  coloring 

networks in red and parallel with cross-linking patterns in 

yellow CFiv. 1). 

Mdt>pinq the Locdlion <#'Pro<gm>.~lic~dly Si.~,,n!fic'cml Palleml.v 

An intuitive approach to describc the position of  the 
vascular patterns within a tumor mi~,ht~, involve reducii~g 

the inlagc size of a tunlor by a lixed percentage and fit- 
tirlg the reduced image inside the original tunlor tO 

fashi.:m a peripheral zone. For example,  one m i g h t  

attempt to trace the outline of  a mehmoma and reduce the 
area outlined by a fixed percentage.  I lowever,  Lmless the 

mehmoma 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 w i t h i n  

[l~e tun~or edge (Fig.2). 
It is also nol appropriate to use absolute measurements 

to describe the peripheral zonc of a melanoma. For 
example,  if one defines the peripheral zonc of u ciliary 
body or choroidal melanoma as a band wilb a width of  1 

mm along the internal edge of  a tumor, then the peripheral 

zone of a small tumor is proportionally wider tt~an the 

peripheral zone of a larger tumor (Fig.3). 
In order to definc the ltunor periphery so that it is propor- 

tional to the size of the tumor but based on a function that is 
constant fl'om 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 coutd be fit within the outline el + 
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 diaineter of 
this largest circle fit (70 pixcls), 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 otiter zone (Fig.4b c,ml u). 
Two additional concentr ic  zones of  bands, each 1/8 el" 

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 /he most central zone 
(Fi<q,.5). The technique used to create these zones with 
eomrnercial ly  avaihible sof tware is sunmlarized in detail 

in 77dde I .  
For the purposes o1 recording location,  each band was 

described by the color  assigned to it (,,ellow. red, green 

Figure 3. l)i<,,iti:ed imave~ q/ the hismlo,<,,ic cn)v~ rucrMn.~ <# ruo choroMM mdmTomos. A pelipherul :one i.~ pamwd u.iH1 
<~rlfilr<n'ilv H)rxven fi~<'d ~i<lth o[  #.db,' ms. Bx dqfinin~ Ih(, puriphes 3" <ts d baml w#h ~ width fi.veU ~)ore tmnm Io mm<>r, Hte 
l~eripheral :~me rn'Uul~ic'~ /cvs areo in a hlrve rumor Ue/tJ then cl ~m~dl tumor grit, hi; f~olh fi,C)m'e~', PA5 wiHuml hdmd/~*.vvlm, ori~imd 
ma,~nificaUon .~.,'<'~' J. 
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Figure 4. Di@izcd images of the histologic cross sectioH ~g vm' 
choroidal mehmoma to illustrate the staws iu creating :om's. 4a. 
Areas in the tmnor occuFied by m'tworl, samt  t~mdh'l with cr- 
oss linking patterns arc indicated in red amt yellow resFectively. 
The lark~c~t< , circle that can befit within the contour qf thc tumor is 
i~Micated in blue. 4b. The most peripheral zone is paiJ#ed in 
yellow at 26% opacity to permit the areas occupied by uelworks 
and paralM with cross lilzkin x to be z~isualized. Note that by 
"rolling" a circh' with a dh~meter equal to 1/8 the diameter (!f the 
larwst circle that can be fit withi~l the tumor, small zones arc 
creah?d in the taperin x edq, es c!f tl c tumor that arc m# part Of this 
peripheral zone (white arrowheads). These tips a~v considered bJI 
defia #ion to be pa rt ~g the peripheral zone. 4c. 'l'he t iFs a re filled in 
with the color rq the most peripheral zone. The tuner three zom's 
are ~shioned accordin S, to the melhod outlined iH 7)Tbh' I fidl 
fi,,~,u'res, PAS without hematoxylin, ori@ml magnification x.3b'). 

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 fi'om yellow to red to 
green to blue. 

The number of  spans per tumor was recorded togcther 
with the locations of the zones affected by each span. 
Fig.5 illustrates a tumor that contains fuci of both paral- 

lel with cross-linking and networks. The tumor illus- 

trated in Fig.5 contains 2 loci 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 must peripheral to the zone 
just interior (crossing from yellow to red, upper left and 

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 lbr trend (observed number of loci or spans versus 

expected numbers of foci or spans). Comparisons were 
made for 2 and 3 zone crossings and lot 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 loci per 

each zone were counted by summing the number of loci 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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span being in these zones is the sum of the proportional 

area of  these two znnc divided by the sum of the p r o p o f  
tional areas of all contiguous two zone combiuations 

within the tumor. The expecled nunlbcl of  spans of 3 zone 
crossings is calculated similarly,. 

To adjust for mtfltiple comparisons,  p-values for the one 
degree of  freedom chi-squarc test Matistics for di~,cretc 

foci and for spans of  2 zone crossings were calculated by 
relerring this statistic to a chi-squarc with degrees of free- 

dora determined by the size of  the original contingency 
table Ii.e., 3 degrees of  freedom for loci and 2 degrees of 

freedom for spans of 2 zone crossings;.  This procedure 

controls the frequency of  Type 1 errors in a conservative 

Figure 5. Same tumor as ilhtstrated in Fi?,ure 4. All zones havo 
[Jt'Cll fllshiollcd altd aro labeled accordhlg to tile COllPt'lltiOU Slllll- 
mmized in Table 1 (PAS without lwmatoxz/liu, orginal ma,qni 
fiCt~ [ doll X,3 8 ). 

interest (either networks or parallel vessels with cross- 

linking). The resuh tA) was squared and is the numerator 

of  the chi-square statistic. The denominator  (B) is the 

variance calculation per tumor summed over  all tumors 
containing the particular vessel pattern, e; The calculation 

of single degree of  freedom chi-square statistic is therefore 

expressed by the formula 

Z e = A' /B 
k k 

where A = z~ (y, n,f l ,)  and B = YmJqi(I-  H,). 
/ l 

In this fommla ,  k equals the number o f  tun]ors wi th the 
part icular vessel pattern (Le., fo r  discrcte Dc i  oI networks, k 
= 74 as there were 74 tumors that contained discrete ff)ci o f  
networks), 3'~ equals the number of  vessel patterns o f  a par- 
t i tu lar  type that arc observed in a part icular zone, n, is the 
total number of vessel pattcrns of a particular type louud 

anywhere in the tumor and R 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 f lom yel low to red, the observed number 
of  spans equals the number of  spans detected in these two 
z~mes, and in a three zone cro~sino of yel low to red to 

green, the observed number of  spans equals the number of 
spans detected in these three zones. The expected immber 
of  spans per tumor was calculated separately lot  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 nuntber of spans that crossed two zones anywhere 
in the tumor multiplied by probability of the span falling in 

the two zoncs of  interest. For example,  for a span that 
crossed from the yel low to red zone, the probability of  the 

Tabh, 1. Method to fashion zones  for histological sec- 
tions of ciliary body and ehoroidal melanoma* 

1. Digitize an image of the histological section of the tu- 
1,f log.  2~ 

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). 

3. Add a layer 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 tmnors 
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�9 l h e  diameter of a circle fashioned in 
this manner may be measured by the line tool set to 
zero pixels for line width. This number ix 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 bv 4 to create two zones (a periphery and a core), 
as the (requency 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 network.s 
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 ~tep 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 269~ 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 teclmique described below refers to functions m 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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lhshil~l+l and is used as the basis (or the p \';.iluc c41cula 
lions. -'s Ti~c cr i t ical  \LlltlCS for the c] l i -sqt lale 1o,41 slatistics 
l'()l + S[)~.IIIS el" 3 ZOIlC c ros sh lg s  ~,~,cre deter l l l i l led using the 

value toLlnd for  ~i c[ l i -squarc ,aith one degree of  frecdonl. 

Resul t~  

O f  the 152 cases  in this ser ies  that c o n t a i n e d  at least one  

",pall or Iocus o f  either n e t w o r k s  or paral lel w i lh  cross-l in- 
king, the two patterns associated ,<villi inetustasis frotti 
choroMal and c i lhuy  body inchmoniah. <:l~ 33 tUlllOr>, 
(22Cf i contained ot l ly discrele foci and no sptuls, 28 ttl- 
i11OlS (1~9~) coilt;. l i i lcd ,;pan~; btit 11o discrete loci ,  and 9 ]  

ltllllor,,, (60r )~ )  co/ l tLt i l l0d bo th  ~[)i.til:-, ttnd d i s c r e t e  foc i .  

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

NHmbm Nttmhur Chi 
Z+,~,' of +'rlJu~ h'd ~ G t .qm~,ed sqnm(' p 

fPci s ,TUCe 5hllishc 

Discrete loci: aetworks 174 tumors)  

Most periph- 
t!ral (yellow) 98.1c) 1Bg q4.7 67.60 <0.0001 
lnl:er{~al to pe- 
r ipheral ( r d )  f~5.7cJ 17 4h.3 17.89 0.000~ 
External to 
center  (green) 43.87 24 35.2 11.22 (k010h 
Center  (blue) 15.15 3 14.0 10.54 fl+0145 

Discrete loci of parallel vessels with cross-linking t II 2 {tl "1lo "s) 

Most periph- 
eral (yel low) IH:3.20 305 102.3 140.33 <Or)O()1 
interia~d to pe- 
r ipheral (red) 122.80 73 fib.5 28.08 <t),l)(It)l 
External to 
center  (green) 81.27 3l 3%3 38.72 <0.()(10[ 
Center  (blue) 2bZ4 7 24.8 ! 5.MJ 0.0(!13 

* Zone  colors co r r e spond  to s cheme  descr ibed in the text Gee 
</i<,o Fi?,ure ~ lor e \ ample ) .  N u m b e r  of Fxpecied Ft~ci is cnk'u 
!atctd as descr ibed in section on statistical methods. I)e~rel.!s 
el lruedum (or <1"i squiwc t{}r c'ath ind ix idual  t ' l l l l l p a F i s t ) l ]  i}J ~ 
observed and expected is 3 tor p-value calculations. (.)\'erall 
chi-squ~,are >,taft>tic lot nc,twork~, is 107.25 ~xith 3 degree> ot 
(reed(in/ (p < 0.0()ill); c)ver<~ll chi :-,t_lLlaFe statistic lot parallel 

~_DD.4.~D vessels  with cros~>-{inkirtg is ~'~ '~: with 3 dee, tees el irt_+r 
do111 (p  < ().()(101). 

~{~t"  l i l t  f ' "+ l  ~ f ' { / l ' ;  ~ ' l  1 l l / l i l l r ( ~ l - [  " ' ~ ! V !  ,+ , ' , , " ;11 , '1  ~ , ,~ , ,~ ,1<  

with crt)s,,-linl,.ing are o',ct-r,._'prcsented in tile most periph 
Ci';I] / t ) I lC+ ; t l l d  LIIldCI-ICI)I 'L'.<-.ClILcd i l l  li lt. ' t t i r c c  l l iOtC i l l l C l i O l  

/OllCX ~7{Ihlv ~' o\c ra l l  chi sqt.lttrc p value < l).()()lJtt 
h ld ical i iL  U a c!car tendency for these patterns associaied 
\ t i th  i/letaslasi'< to i,~~1-11] ill the periphery. For 'q~ans lhai 
elt)<-; <', th l -ce ZOl]CS ( ] 5  t t i l l l t ) l s  had iletv, Olk spans of  3 c_ro>,,- 
l i l ts  Ctlld 19 ttllllt)l-,.; had 3 zc, nc crossings c;t paruilei ~ essels 
,<~itt~ cros~,-linkii>,) there is i1o ~,i,.znificant ti-cltd lor i!cl.- z- . 
v,'oi'ks or  paral lel \csscls to lo l i l i  c i t i icr  in the ttlnlOr pcri 

phery or in the center (p = (t.2369 ;.lllcl ().(),'-;(17 rcspccti~c- 
]y). l;o," sp;l.lls their el'its> t'at) ZOl]C%. IlCt\~,(ll]-,:-> LiI'C distrib- 
uted in both the peripher), and in the lUther center us 
expected (77dde .7 p = 0.0715 and p = 0.4207). For spans 
ii-ial cross two  zoiles, paral lel \esscls whh cross-I inkhlg 
are over-rel)resented in tt~e i~eriphery (ye l low and red) 
coinparcd ,ahit t]~c center (green and blue, TaDIc .7, p = 
0.0001 and 0.7293 respect ively).  

Discus,s ' ion 

T h e  microcirculat iot~ a rch i t ec tu re  o f  choro ida l  und 
cil iary body  t n d u n o m a s  inay be used  to desc r ibe  tun lo l  

p rog res s ion  in this sys t em.  In the ear l ies t  p r imary  mela-  

nocyl ic  p ro l i fe ra t ions  i nduced  in the  rabbi t  cho ro id  by the 

repea led  topical  appl icu t ion  o f  the chemi ca l  cu rc inogen .  

7,12-dimelhylben/la]antlmtcene ( I ) M B A ) .  n l c l anocy tc s  

aggrc.gatcd a round  noFlnal p ro -ex i s t i ng  choro ida l  vessels .  

As the lesions grew, /ones c)l' a\axcul;tt+ity dcxch)pcd 
wi th in  the " ~" '" t l t l l l l t t i l  l es ions . -  $ im ihu ly .  choroidal  nc \ i  
contain only norinal \es,+els, straight vessels, paral lel 
arrangcnlcnts oJ straigl~i  '~csscls wi thout  cross- l ink ing,  alltt 
a\aSCtllal iOlleS. PalielllS who have IllChlllOlll~ls that COl> 
tam only those microvascular  i->attern,~ found in ne \ i  ha,~c a 
. 'dgni l icant ly hnproved progl~osis than those patients wi th 
n~el;.uionias that contaii~ ln icroc i rcu lutory  palicrns not 
I+ound in ncvi (such ,:is arcs. atc>, v+ilh branching, closed 
x'a~;ctll41 loops, l le tworks uild i)ma]lcl ",o,.,,seis ~ilh CI'OS~, - 

l inkin.g) .  In Cox  icgrcssic)n n todcls ,  o f  the hi,,to)logic 

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

ZOtlC c~+~5.ql~l,~ _gttl~l O~ 5IHII  ot 1,"ot/ (_/h' 
' <,v!;crt,,,i (l[tdt'i'-t'('{] dt l l -d  Nltlltl'C '1) 

NL' twoFlx  s~)al/> c r t )sSi l]~ two /o11( !% (z~  [Lll/lt)FS) 

Most  per iphera l  to 
i l cx t  HlteHlal /oilc? 
' yel low-red)  "44.87 +)7 27.~,q) ~.2S ~).t)715 
I~: t'llt'r [O / o n e  just 
c,xtern41 to center 
(blue to glXXql) 20.7~(~ lq I ().{~ 1.72 !L42()7 

l ' a ta l ld  ~x ii.h cru.-,> l inkhlg >pun> Cic>>>J+tlg L'G 0 X~.diC> 
(9('~ DA Ill or-4 ) 

Most peripheral to 
[Xt!\t lll[CFlhi] / t i l l (  ~ 
(yellow red) i !0.23 142 a=,.-~(~ I,~.](~ -:t).0[)(!l 
{. ell[el" [() Zt)llL' j t l , ~ [  

L'x[crnoI  I.o COllECt" 
(blue tt; gruelS)  ~,t).52 15, ir i).(~;! ().72U3 

+ ,,{one colors ct',rre',,l_'x md to <theme dest ribed ill [be [ext (',,co 
al.sc) I:i.~,LIrL! ~ 1(.)I" L'Xal]l~lJC'). ?NLIIllbL'T ()]~ 12.\pL'LLL'd ~p~l] ]  (- rk)~,~.- 
ings is calculated as descr ibed  in .--ectkm c,n <.Latistica[ 
method~, r-k%rue ~, ,ff ~recd~llll I~<>r chi >qtmrc (or each Ct)lll 
par ison ot nb<,er~ed and expected  it< 2 ~,l- p-~aluc calcula- 
tiOI1% 

, , \  l ,  ~ , , ~ - ,  i ~ , . ( . ~  �84 , ~ r . 1  
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\arialqc~ ,qudicd including tUlllOr si /c alld cell type/'~ ~* 
lhe clcteclit}n {}f mic]ovascuhu networks IuP, lhc MrOll.~CsI 

a,,xt}ciaticm with mctasta.'-,is. Therefore.  not all Forms {)r 
nngiogcncsis in this Itll11(ir system are associated with 

13]clastasis: remodelhl~ t)I the llliciocircLllatit)n into net 

\',orl<s and parallel \cs~,els with cross-linking arc. he\x< 
L'\ el .  I~{)lClll l/l~./l'kClS t ) f  t t l l l /Of  I} l '{ )g lcSs i t l l l .  

This study does not icporl the h)cation of all expressions 

O[" [ t l l l lO l "  LIIIgIO.~CIIOSiS Lll /d iS thcreforc not c/) lholy p',lralllcl 
t{) studies lhal Ieporl ttil ' l ior va,;culai-i/a/i(m :ll tl'lo peri- 
phery ~ or in the ItllYit)r cc:fller.; [ h i s  Mud) d{)cs stlg~t.':-.,l that 

discrete foci of  highly reinodeled inicrovesscls, networks 

and par1,tllcl with vessels ~,\ ith cross-linking, teFld to appear 
in the periphery of the tumor, talllet d3an in the central 
core. Spans may IC])rcsClll m{}le adx.'allced stages {)1" 

vascularization :trld relnodclil]g. Nevertheless.  there is a 

lendency for shorlcr spans ( l \ \ ' t t /One crop, sings) of  parallel 
\vith cr()ss-linkinLe to appear in the lWO peripheral 7ones 
lll()lC t'FCqLlCril]y Ihall expecled by Ihe i)i-oi)Ol-tJ{)n {)1 alUa 
c(msIituted by tI-~ese zones. 

The current xtLidy, h)ca[izing those ii]iciocirctll;.I.Ior}' pat 
terns, associated ,A, it]3 tllCt1,tx[asi~ (networks and parallel 

vessels wilh cross-linking) tO tlic lUlll()r periphery, may 
provide a foLindalion for a hyl}()thesis concern)no the 

I'}iological e\,'ei]ls leading to their Iornlat ion and an expkl 
i ia l i (ul  I(}r the 1,lss{}ci1,iliol] between r}:.tttclll foin]atioi~ and 
il~etaMw, is. Studies o1 ct iht l icd hunl:.til cLIUiilcotis i/~e/ailO- 
i l ia cclls StlggCSl that a SOlllcwhal acidic cn\ i ronment  
favors invasion. ~ Addi i ional ly ,  cultured lluinari uveal 
ille];:lllOll]~l cells gI 'OWll  i l l  a l l  acidic Cll \ , ' i l 'Ol l l l / e l l l  ,arc in,<as 
i,:e into Type I collagen gel~ and are also capable of  syn 

thcsizing Type VI collagen. 4 Type VI collagen is ])l-CSClll 

iiq remodeling tissues and is considered (o be responsible 
for pattern formal)on in the microcirculation and else- 
where in the stroma. 3-" 

Given the obserwitioi-i that the earliesi cilioch{}roMal 
prolifcralions incorporate pre-existing vessels, il is re1,ts{,}n 

able {o i-}oslulate that with expansion of the lesion away 

from lhe central core. rehttive hypoxia in the {unior periph 
cry upregulates Factors responsible for angiogcncsis,  such 

:.IS Vl.iSL'LI]1,11" cndolhclial growth rector ( \ ;EGF).  ~ ./M the 
S:.tllIC tiinc, local pcriphei-al hypoxia and relalivc acidosis 
favor lhc deposi l ion o f  cxlraccl l t i lar  matrix sub~I::/l/ces 
a<;socialed with rem(~de]iiL~ of ll~e mi0rocirculat}()n and 
Stl-Ollla !st)oh :.is Type Vl col lagen }. til](.I this nncrocnviror i-  
i i iul l l  J.b.o i , . i ,ol . ,  ihc I-, i<,Iogical i~iul-~L'itiL "', ,,l" itiiii<,l" <,-II 
iIw;.t~iOll.* The tel ldcllcy it)r illiClOV;.tsculal l ie)works alld 
parallcI vc,;';cls wi ih  cross-lh~kmg lo 1\)i1~) in l]lu Itlil~of 
periphery and to be assoeialed wi lh il-lelaslasis is ct}i]sist- 
c;lt with this propo,,od scI3eme. 

It is d i f f icuh t{} describe precisely alld quanl i la t ivc ly  
whal is meant by lt/e "perq)hely" (}1 luill{}rs (hat ii11,1), vLlry 
in ,,ize and shape. In the sludv o1 prostatic carcin(ullas 

indicalin.~ lhat (til l)or wiscul:.lrization wss concenlraied in 
the ccill.cr ralhcr tl-i~ill the periphery, the periphery \wi<; 

defined in term', (11 'a Fixed distance l tom the edge o1 the 
lumor, c In a largo tttmc, r, finis distance wouM be p r o p o f  
lion1,flel', lc'.,s lhan for 1,t small tumor ( l iA ' .3 ) .  

In {I-it currenl slud\,  lhc pcriF, hcry v, a,, d,.",,.'ribcd quanli- 

talivcl S 1,3 a [uncti(m thai could I)c applied consislcnlly to 
e a c h  tut]lor, regardless {}1 si te  of ,,hapc. in,dead of a fixed 
diMaI /CC.  T I l e  (.luanlitali\'e dc'~cription o l  l h c  l t i m o r  periph- 

evy was based a fixed percentage {)1 file diameter of  the 
largest circle fit ha,dole the tcunor's edge,,. Pareiltheticall N. 

the periphery a~, dcti~ed by this function depends not oBly 

cm the size of  the tUlllOr, bLlI also the lttlllc, r 's  shape, l:or 
example, a rclativc]~ llai |LII l lOf with a large area of scleral 

contact \,,.ould g e n e r a t e  a peripheral z o n e  that is lhin. 

t.ikcwise, a It)mot that had a relatively nttrro\v base bill 
thai was greatly elevated would contain a thin periphcr;tl 

zone as defined by this technique. 
In this sludy, an arbitrary I]-actiorl (I/~) of lhc diameter 

of the hugcst circle 1o fiI wiIhin Ihe ttllllOf ~;.ts selected as 

a starling poinI Io g C D e l ' i i l e  l'otll" Z()lleS. This SLLIClF indi- 
tilted hio{ogical sionificance to this dclinit ion ,:~t the peri- 
phery as lherc was a clear tendency for discrete lk)ci of  

networks and parallel vcsscls with cross-linking to ap[-}ear 

in the most pcripheral / one  Ihus defined. Ih)wever. in 
od~cr ItllT',or syslchls, it rllay be necessary to set the [ r a t -  

) i on  oF the largest circle fit within the tunior to another 

rlumber to describe quanti lal ivcly zones <)1: bh)h)gical 

significance. 
The technique ctscd in this study Io define lhe periphery 

Of ltllllors quanlilati~ely and describe the localization of  

prognostically sigml'icant microvascular  rctnodcting pat- 
terns can be apr, liedt(} ()lhcr histopatholoeical~ in\,csti,~a- 

rio]> lhal require localization of cl Icatu]e t)t interest. Fur- 

Ihermore, this tcchnique may be applied to uhra.sonogran)s 
and in af'~giographic studies for paiht)logy imaging corre- 

lations. Thcsc tone la t ions  would be important in the 
dcvch)pment of  non-invasive substitutes for biopsy t\)r 
tiVOli[ IlICILIItOlll,21~. :2 17 
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