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The vascularity of20 primary skin melanomas was as-
sessed histologically. These cases were selected from
patients with intermediate thickness melanomas
(0.76-4.0 mm thick) treated surgically to provide two
groups of ten patients. One group had no evidence of
recurrence with a minimum follow-up of9 years. The
second group often patients developed locoregional or
systemic metastasis under follow-up, and seven of
these patients died of disseminated melanoma. Age,
sex, Breslow's tumor thickness, and Clark's level ofin-

THE PROGNOSIS OF patients with primary, clinical
stage I melanomas is best determined by the maxi-
mum tumor thickness.' In a subset of melanomas
with tumor thickness between 0.76 and 3.99 mm,
however, Day et al2'3 reported that tumor thickness is
less helpful in predicting the risk of distant metastasis
and survival in an individual case. Accordingly, there
is a need to explore further prognostic factors for this
subset of skin melanomas. The present study investi-
gates the prognostic significance of tumor vascularity
in such intermediate-thickness (0.76-4.0 mm) mela-
nomas.

Patients and Methods
There were 82 patients with an intermediate-thick-

ness skin melanoma (0.76-4.0 mm thick) treated sur-
gically in the authors' unit between 1971 and 1985.
Forty-six patients remained disease free with a mini-
mum follow-up period of 5 years (nonmetastatic
group). In the other group, 36 patients developed me-
tastases as follows: local recurrence, 10 patients;

From the Departments ofSurgery* and Pathology,t University of
Wales College ofMedicine, Heath Park, Cardiff United Kingdom

vasion were similar in the two groups. Vascular quanti-
tation was carried out by image analysis after vascular
definition by Ulex europaeus-I agglutinin staining.
The percentage vascular area at the tumor base in the
recurrence group was more than twice that in the re-
currence-free group. This study suggests that increased
vascularity at the tumor base may have prognostic sig-
nificance in intermediate thickness melanomas. (AmJ
Pathol 1988, 133:419-423)

lymph node metastasis, 16 patients; systemic metasta-
sis, 8 patients; local and systemic metastases, 1 pa-
tient; and lymph node and systemic metastases, 1 pa-
tient. This group was called the metastatic group. Ten
patients from the nonmetastatic group were chosen to
form matched pairs with another ten patients from
the metastatic group to control for age, sex, and Bres-
low's tumor thickness. Because of the small number
of patients studied it was not possible to match for the
tumor site in all ofthem.

In the nonmetastatic group, patients remained free
from metastasis for I I I months or more. In the meta-
static group, five patients developed lymph node me-
tastases and nine patients developed systemic spread.
Seven of the ten patients in the metastatic group died
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Figure 1-Ulex europaeus agglutinin 1 (UEA-1) peroxidase staining of vessels in histological sections of normal skin (A) and from the base of a melanoma
(B). Vessels (arrows) are demonstrated by staining of the endothelial lining and are seen as circular or elliptical cross-sections. At the base of the melanoma,
vessels are more plentiful than in norrnal skin, but are similar in size and shape in cross-section. The edge of the melanoma is marked by an interrupted line.

of disseminated melanoma. The primary lesion was
excised with a 2-5-cm wide clearance depending on
the clinical type of lesion. A lesion that was just palpa-
ble excised with 2 cm clearance and an overtly nodu-
lar tumor was excised with 3-5 cm clearance.4 Five
patients in the metastatic group underwent regional
lymph node dissection at the time of primary treat-
ment. Four of these cases had no histologic evidence
of lymph node involvement and one patient had an
involved lymph node on histologic examination. The
follow-up is complete up to December 1986.

Methods

Four to five-micron thick sections were cut from
the thickest part of the tumor including adjacent nor-
mal skin. These sections were stained with hematoxy-
lin and eosin (H & E) for histologic evaluation and
Ulex europaeus-I agglutinin conjugated with peroxi-
dase (UEA-I) for the assessment of vascularity (Fig-
ure l).5
The lectin-stained (UEA-I) sections were examined

by an IBAS-2 semi-automatic image analysis system

(Kontron Ltd, West Germany). The slides were coded
and clinical information was not known to the ob-
server at the time ofimage analysis. The lectin-stained
slide was projected on the IBAS screen through a mi-
croscope with a magnification of X 160 or X400, de-
pending on the size ofthe tumor.

Using the automatic image analysis system, the fol-
lowing vascular parameters were computed: 1) Num-
ber of vessels per unit area oftissue cross-section (10-'
sq m); 2) Maximum diameter of vessels in 10-6 m
(Max-D); and 3) Percentage vessel area (PVA). PVA
was calculated as the percentage of whole field area
occupied by the vessels. If vessels occupied 5% of the
whole field, the PVA of that field was given a value of
5. All the blood vessels, irrespective of their size and
shape, were included in the measurements. These
measurements were made at three sites: at the tumor
tissue, at the junctional zone between melanoma and
underlying tissue, the tumor base, and at adjacent
normal dermis.

Because tumors showed a heterogeneous distribu-
tion of blood vessels, an attempt was made to cover
the whole tumor and tumor base area by multiple (be-

AJP * November 1988

.. I -t t
...0

ll.

0 iL

V If

j :,. .1 , . ..



TUMOR VASCULARITY AND PROGNOSIS 421

Table 1 -Tumor Location

Metastatic Nonmetastatic
Site group group

Head and neck 4 2
Upper limb 1 1
Lower limb 5 5
Back - 2

tween 3 and 18 fields) field examination. The average
of all the readings was taken. Nonparametric ranking
tests were used for the statistical analysis.

Results

Age

The median age of patients in the nonmetastatic
group was 54 years; in the metastatic group it was 56
years. This difference was not significant (Mann-
Whitney U test, P = 0.79).

Sex

There were nine female and one male patients in
the nonmetastatic group and seven female and three
male patients in the metastatic group. The sex ratio in
the two groups was not different on chi-square test, P
> 0.25.

Site

The site of the melanomas in the two groups was to
be as similar as possible (Table 1).

Maximum Tumor Thickness

The mean tumor thickness was 2.07 mm in the
non-recurrence group (median, 2.25 mm; standard
deviation, 0.78 mm). Melanomas in the metastatic
group had a mean tumor thickness of 2.18 mm (me-
dian, 2.4 mm; standard deviation, 1.03 mm). The two
groups had statistically similar thickness using the
Mann-Whitney U test (P = 0.76).

Clark's Level of Invasion

Tables 2 and 3 show the distribution ofdifferent lev-
els in the two groups of tumors. Half of the lesions in
each group had invasion to the reticular dermis (level
IV). Three tumors in the metastatic group and five tu-
mors in the nonmetastatic group showed level III in-
vasion.

Vascular Quantitation

The results of measurement of vessels in histologic
sections from the tumor base are shown in Tables 2
and 3.

Number of Vessels per J0-7 sq m

There were 5.9 ± 2.8 vessels (mean ± 1 standard
deviation) per unit area in the nonmetastatic group
and 7.16 ± 3.5 vessels in the metastatic group. This
difference was not statistically significant (Mann-
Whitney, P = 0.62).

Maximum Vessel Diameter

The mean values for (Max-D) were 37.2 ± 7.6 ,u in
the nonmetastatic group and 49.5 ± 20.1 ,u in the
group with metastasis (not significant, Mann-Whit-
ney, P = 0.07).

Percent Vessel Area

The percent vascularity in the no recurrence group
was 1.57 ± 1.28% and that of the recurrence group
was 4.62 ± 3.36%. This difference is significant
(Mann-Whitney, P = 0.025).
The vascular parameters within the tumor showed

no difference between the two groups. The number of
vessels, Max-D and, PVA were all significantly higher
at the tumor base region when compared with the cor-
responding values at the adjacent normal dermis in
both groups of melanomas (Wilcoxon paired rank
test, Table 4).

Discussion

The control of neovascularisation of tumors by tu-
mor-derived growth factors is clearly an important bi-
ologic process in relation to tumor behavior. Al-
though solid tumors vary considerably in their vascu-
lar response there appears to be a relationship between
the degree of vascularity and the growth rate, at least
in experimental tumors.6 The present study tested the
hypothesis that the biologic aggressiveness of a malig-
nant growth is proportional to its vascularity. It has
already been shown that in situ pre-invasive tumors
are avascular and onset of angiogenesis ushers in a
phase of rapid growth.7 We have shown a relationship
between melanoma thickness and vascularization as
detected by Doppler ultrasound.8 Once the angiogen-
esis has started, is the degree of vascularity related to
the tumor growth rate, and more importantly, to the
risk of metastasis in a human cancer?

This hypothesis has been tested by an objective as-
sessment of tumor vascularity using UEA-I staining.
This lectin has been shown to be a sensitive marker
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Table 2-Vascular Quantitation in Melanomas with Metastasis

Vascular parameters at tumour base

Tumor Clark's Number of Maximum Percent
thickness level of Primary vessels per diameter vessel Survival (status)
(mm) invasion site 10-'sq m 10-6m area Site of metastasis months

0.8 IV Ear 5.9 47 2.7 Systemic 75 (dead)
0.95 11 Foot 3.4 25 0.44 Systemic 67 (alive)
1.3 III Arm 2 100 7.3 Regional lymph 79 (dead)

nodes and
systemic

1.4 IV Foot 7.3 57 7.0 Local, lymph nodes 59 (dead)
and systemic

2.0 III Leg 5.49 41 1.17 Regional lymph node 63 (alive)
2.8 III Neck 10.5 43 4.14 Systemic 30 (dead)
2.8 IV Thigh 5.9 40 1.96 Regional lymph 48 (dead)

nodes and
systemic

2.8 IV Face 6.5 58 7.1 Systemic 39 (dead)
3.3 V Leg 12 46 11 Systemic 8 (dead)
3.7 IV Scalp 12.6 38 3.4 Systemic 110 (alive)

2.18* 7.16* 49.5* 4.6* 57.8*
1.03t 3.5t 20t 3.3t 28.5t
2.4$ -t t t 61t

* Mean.
t 1 SD.
t Median.

for vascular endothelium. It stains both normal and cases ofhead and neck tumors in the metastatic group
tumor vessels.9 when compared with the nonmetastatic group. While
The detection of a significantly higher vascularity this is a limiting factor ofthe study, the observation of

at the base of fmelanomas that were associated with higher vascularity of head and neck lesions may be a
metastasis suggests that the vascularity may have a reason for the poorer prognosis of these melanomas.
prognostic significance independent of thickness. Marasa and Tomasino'° described the vascularity

Because ofthe small number of intermediate thick- of 26 Clark's level III melanomas. An objective scor-
ness melanomas in this series and the difficulty of ing system for vascular quantitation called micro-
matching for the Breslow's thickness, age, and sex, it scopic angiogenesis grading system MAGS was
was not possible to control for the site of the primary used. " The MAGS was calculated by the histologic
tumor in all the cases. Thus, there are slightly more assessment ofnumber ofblood vessels per high power

Table 3-Vascular Quantitation in Melanomas without Metastasis

Vascular parameters at tumor base

Tumor Number of
thickness Clark's level Primary vessels per Maximum diameter Percent Survival
(mm) of invasion site 10-7sq m 10-6m vessel months

0.8 Il Leg 2.9 31 0.42 150
0.9 III Sole (foot) 5.3 40 1.2 119
1.6 Il Sole (foot) 9.5 41 3.79 150
1.9 Il Arm 2.18 47 0.33 130
2.2 Il Back 6.0 37 1.3 124
2.3 IV Back 1.9 31 0.23 123
2.3 IV Leg 8.6 36 1.7 161
2.6 IV Head 8.0 46 3.7 116
3.0 IV Face 6.7 41 2.1 111
3.1 IV Leg 8.4 22 1.01 132
2.07* 5.94* 37.2* 1.57* 131*
0.78t 2.8t 7.6t 1.28t 16.6t
2.25t -t -t -t 127t

* Mean.
t 1 SD.
t Median.
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Table 4-Comparison of Tumor Base Vascularity
with Normal Dermis

Tumor Normal
base dermis

Metastatic group
Number of vessels 4.2 ± 2.1
per10-7m 7.16±3.5 P<0.02

Maximum 49.5 ± 20
diameter in 1 0-6 36.4 ± 12.9
m P<0.001

Percent vessel 4.6 ± 3.3 0.88 ± 0.5
area P = 0.005

Nonmetastatic group
Number of vessels 5.94 ± 2.8 3.1 ± 1.78
per10-7sqm P<0.001

Maximum 37.2 ± 7.6
diameter in 10-6 24.7 ± 6.57
m P<0.001

Percent vessel 1.57 ± 1.28 0.41 ± 0.38
area P < 0.001

All values as mean ± 1 standard deviation. P values by Wilcoxon Paired
Rank Test.

field, the degree of endothelial cell hyperplasia, and
the grade of endothelial cell atypia. A high score of
MAGS indicated high vascularity. None of the 11 pa-
tients with melanomas that had a MAGS score ofover
30 survived for 5 years, whereas patients with melano-
mas of a MAGS score of less than 30 had a 5-year
survival of 86%. Marasa and Tomasino also found the
vascularity to be maximum at the tumor edge.'0
The interesting biologic phenomenon of angiogen-

esis has drawn the attention of many research work-
ers. It seems that there are many angiogenic factors
and some of the most investigated growth factors re-
sponsible for tumor angiogenesis are endothelial cell
growth factor,'2 a transforming growth factor,'3 a
transforming growth factor,'4 and acidic and basic
types of fibroblast growth factors.'5 Besides being
growth regulatory peptides for tumor cells, these fac-
tors also express a mitogenic effect on the endothelial
cells and help in the regulation ofblood vessel growth.
A rapidly growing tumor of high biologic aggressive-
ness probably has high activity ofthese growth factors
that evoke an intense angiogenic response.

Thus, in theory, biologic behavior and vascularity
of a tumor should go hand in hand. This study has
provided some preliminary evidence that these con-
siderations apply in the development ofmetastatic po-
tential in human melanomas. The study now needs
expansion and inclusion of a larger number of pa-
tients to prove any prognostic significance ofvascular-
ity independent of other variables, such as tumor
thickness.
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