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Fig. l. A bleached F8 from a tumor with a high vessel count (A) and from a tumor with
a low vessel count (B).

Mitotic counts were recorded as the number of mitoses per 20 high power
fields (X40 objective I.

Statistical Analysis. Most count data approximate to a Poisson distribu
tion, and a square root transformation of the data is appropriate to stabilize the
variance. The maximum count and the average counts were found to deviate

significantly from a normal distribution using the Kolmogorov-Smirnov sta

tistic, with the Lillietors significance level for testing for normality, which
gave values of 0.1137 (P = 0.0005) and 0.1146 (P = 0.0004). respectively.

The square root transformations of these variables were normally distributed
with the Kolmogorov-Smirnov statistics of 0.0718 (P = 0.19) and 0.545

(P > 0.2), respectively. There was a strong correlation between the average of

the three counts and the maximum recorded count, with a correlation coeffi
cient of 0.99 (/?â€¢= 0.97). The maximum count is thought to be the relevant

biological measure, and this was used for all subsequent analyses. The un-
transtbrmed count was used for the nonparametric tests (Kaplan-Meier curves

and log rank tests) and the transformed count for parametric tests (linear and
Cox regressions). Mitotic counts were handled in a similar manner.

Complete clinical and follow-up data were available in 116 cases, except for

intraocular pressure, where there were 20 missing cases. There were 98 cases
with complete data, including intraocular pressure. Missing values were han
dles in a listwise manner (i.e., if any data for a case was missing fora particular
analysis, the case was excluded from that analysis). Analyses were performed
using SPSS-Win Version 6.0 software.

Results

There was a highly significant association between the transformed
vessel count and survival on Cox regression (P < 0.00005). The
tumors were divided into quarters on the basis of the maximum vessel
count, and the Kaplan-Meier curves are plotted in Fig. 2. Significance

for linear trend across the four groups was tested for by the log rank
test and was highly significant (P < 0.00005). It was the single most
important prognostic factor on univariate testing (Table 1). There was
a weak positive correlation between the largest tumor diameter and
maximum vessel count, which was not significant (P = 0.07).

On univariate testing, using the Cox proportional hazard model, a
number of other variables were also significant (summarized in Table
1). All of the variables were entered into a Cox proportional hazard
model to construct a multivariate model using a forward stepwise
procedure on the basis of the likelihood-ratio statistic (probability for

entry into the model, 0.5 or greater; probability value for removal
from the model, 0.1 or greater). The model was run twice with
intraocular pressure (98 cases) and without that variable (116 cases).
The results were the same, and because intraocular pressure did not

Fig. 2. Kaplan-Meier curve for patient survival. The

patients are divided into quarters on the maximum vessel
count.
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enter the first model, the results for the larger data set (the second
model) are summarized in Table 2 and only two variables appeared in
the model. These two variables were the transformed vessel counts
and tumor size. None of the other variables entered into the model, in
particular, neither the Callender cell type nor any of the Folberg
patterns.

Discussion

We found a very strong correlation between blood vessel density
and death from metastatic uveal melanoma (Fig. 2). This finding is in
keeping with the results from many other, but not all, studies per
formed on other malignant tumors (3) but is in contrast to cutaneous
melanoma, where the role of angiogenesis, as a prognostic factor, is
still controversial (8-11). We also found no correlation between

angiogenesis and tumor size, which is in contrast to cutaneous mel
anoma (4-6). Thus, this highlights the need to consider the site of

tumor growth in assessing the importance of angiogenesis for mela
noma, and this may apply to other tumor types.

Folberg et al. (13-15) and Rummelt et al. (16, 17) have described

nine patterns that can be demonstrated with the PAS reaction. They
have attributed these patterns to blood vessels, but we do not consider
this idea to have been firmly established. Five of the patterns were
significant on univariate testing. These patterns were: normal, arcs,
arcs with branches, loops, and networks. It should be noted that more
than one pattern may be present, and often arcs, arcs with branches,
loops, and networks co-existed in the same tumor. The presence of the

normal pattern was a good prognostic sign, as was absence of the
others. The normal pattern was noted previously to be of good
prognostic significance (13), as was the absence of loops and net
works (13, 17). We think it more likely that the patterns are generated
by fibrovascular tissue septa and that some of the patterns (particu
larly the arcs, arcs with branches, loops, and network patterns) rep
resent features of disorganized growth. Disorganization is a feature of
malignancy; therefore, it is not surprising that disorganized growth
carries prognostic significance.

Other factors have been established to give prognostic information
on univariate testing. These include cell type, mitotic index, extra-

ocular extension, and pigmentation, whereas the prognostic signifi
cance of ciliary body involvement has been inconsistent between
studies. All of these factors were shown to have prognostic signifi
cance on univariate testing. One proposed prognostic factor, which we

Table 1 Univariate statistics, using Cox proportional hazard modeling for
the variables

Table 2 The final Cox regression model for sunival

VariableTransformed

count
Tumor size (LTD)"ÃŸ0.3660.124ExpÃŸ1.441.1395%

confidence
interval for ExpÃŸ1.23-1.70

1.06-1.21Wald19.5 12.8Significance<0.000050.0003

VariableAge

SexTransformed
countSizeCell

type
Ciliary body involvement
ExtraocularextensionPigmentation

Lymphocytic infiltrate
MitoticcountIntraocular

pressure
Folberg patterns

NormalSilenceStraight

vessels
ParallelParallel

withcross-linksArcsArcs

withbranchesLoops

NetworksÃŸ

ExpÃŸ0.010

0.0630.4460.1410.704-0.823

-0.8230.349

0.193
0.5810.025

0.918 :.01

.07.56.15.02

.44

.44.41

.20

.79.02

..50.081
1.08-0.214

0.81
-0.3400.71-0.580
0.56-0.765
0.47-1.039
0.35-1.057

0.35
-1.010 0.3695%

confidence
interval for

Exp ÃŸWald0.99-1.03

0.62-1.841.33-1.841.08-1.231.35-3.03

0.25-0.77
0.25-0.771.07-1.84

0.94-1.56
1.23-2.661.00-1.05

1.38^.530.58-2.030.46-1.43

0.40-1.260.29-1.090.26-0.840.32-0.660.19-0.63

0.20-0.661.20

0.0529.118.711.7

8.10
8.106.37

2.249.254.12

9.210.060.53

1.352.956.4510.811.9

11.2Significance0.27

0.82<0.00005<0.000050.001

0.004
0.0040.01

0.94
0.0020.04

0.0020.800.47

0.250.090.010.0010.0006

0.0008

' LTD. largest tumor diameter.

did not investigate, was the mean of the 10 largest nucleoli. Although
it has been advocated as a prognostic factor, it has subsequently been
reported to be poorly reproducible and of weak prognostic signifi
cance (19). When a multivariate model was used, using forward
selection into a Cox proportional hazard model, the single most
important variable was the transformed vessel count, and the only
other variable to enter the model was tumor size. The other accepted
prognostic factors did not enter the model (Table 2).

Uveal melanoma is well recognized for having an unusual pattern
of metastasis with a clear tendency to metastasize to the liver. One
explanation for this is in terms of expression of adhesion molecules.
However, our study shows that angiogenesis in the primary tumor is
the most important prognostic factor. We are unable to comment on
the perfusion status of the vessels that we are demonstrating, but it has
been shown experimentally that many tumor vessels are not actively
perfused at any one time (20). This study does, nonetheless, suggest
that tumor cell access to the circulation may be a major factor in their
behavior.

The dominant prognostic position for the microvessel density does
allow the identification of patients who have a poor prognosis, and
consideration should be given to offering these patients adjuvant
therapy. It also suggests the possibility that inhibition of angiogenesis
may prove to be of therapeutic value. A number of clinical trials using
angiogenesis inhibitors have commenced for several tumor types (2).
Our conclusion is that microvessel counts gives useful prognostic
information in uveal melanoma and, in this study, was the best single
measure predicting outcome for this tumor.
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