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In this study, the importance of angiogenesis (the
growth of new blood vessels from existing ones) for
the growth of retinoblastoma was investigated by a
retrospective immunohistochemical analysis. An in-
dividual vessel index for each tumor was determined
using the endothelial-specific antibody CD 31 for ves-
sel staining. The obtained data were correlated with
clinical features, pathohistological characteristics,
and the presence of metastasis. In 107 retinoblasto-
mas collected between 1980 and 1990, we found no
difference in the vessel densities between uni- and
bilateral retinoblastomas (P = 0.41). However, tu-
mors that had invaded the chorioid and/or the optic
nerve statistically showed higher vessel densities
than tumors without local invasive growth (P = 0.05
and P = 0.024). A tendency of higher vessel densities
in retinoblastomas presenting with metastasis at the
time of diagnosis was observed (P = 0.11). Based on
this observation, we proceeded to examine all retino-
blastomas presenting with metastasis at the time of
diagnosis. These included patients that were treated
between 1968 and 1993. The 18 investigated retino-
blastomas had significantly higher vessel densities
than all other retinoblastomas presenting without
metastasis (P = 0.025). Our data indicate that in reti-
noblastoma, blood vessels are essential for local and
systemic invasive growth. Therefore, an anti-angio-
genic therapy could be considered in the multimodal
therapy concept for retinoblastomas with invasive
growth, both locally and systemically. (Am J Pathol
2004, 164:391-394)

Retinoblastoma is the most frequent ophthalmic tumor in
childhood.”® One or both eyes could be affected. Reti-

noblastomas can harbor the classical mutation of the
retinoblastoma tumor suppressor gene.* Retinoblasto-
mas are thought to develop from immature neuroectoder-
mal cells of the retina.® Most children become symptom-
atic with signs of amblyopia or a typical light reflection in
the affected eye. Early diagnosis can lead to an excellent
outcome with a multimodal therapy concept consisting of
chemoreduction, cryo-, laser- or brachytherapy, external
beam radiation or enucleation.® However, patients initially
presenting with metastasis have a poor prognosis.”

Retinoblastomas can show endophytic or exophytic
growth, sometimes with signs of invasiveness. Tumor
cells can invade the choroid or the optic nerve. If the
sclera or the lamina cribrosa is invaded, extraocular
growth has occurred. By such continual growth, tumor
cells can spread to the brain, the surrounding head
bones, or soft tissues. In rare cases, retinoblastoma can
disseminate in the whole body and form metastasis in the
bone marrow, the liver, or the skeletal system. Invasion of
the choroid or the optic nerve are risk factors for devel-
oping such metastases.®®

Tumor growth and the formation of hematogenous me-
tastasis depend on angiogenesis.'® The expansion of
tumors beyond the size of a few millimeters in diameter,
requires the induction of new capillaries. This neovascu-
larization is believed to be mediated by angiogenic stim-
ulators produced and released by stromal cells or tumor
cells themselves."' Numerous studies have demon-
strated that the vascular density of a tumor correlates with
metastasis and poor outcome.’® ' The importance of
angiogenesis for the growth of retinoblastomas has not
yet been demonstrated. The expression of angiogenic
factors such as VEGF and bFGF have been found, im-
plicating a possible angiogenic potential of retino-
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Table 1. Pathohistological Characteristics of 107 Retinoblastomas Examined

Local invasion Extraorbital

Age Unilateral bilateral No invasion (choroidea, opticus) growth Metastasis
median n (%) n (%) n (%) n (%) n (%)
19 months 52 (49%) 55 (51%) 52 (49%) 7 (7%) 6 (6%)
55 (51%)
blastomas.'®"” In the present study, we have quantified Results

vessels in retinoblastoma tissue with different clinical
characteristics and pathohistological features. Our inten-
tion in this study was to define the role of angiogenesis in
retinoblastomas with regard to invasion and the formation
of metastasis. Based on these data one could discuss the
possibility of anti-angiogenic therapy in the future.

Materials and Methods

Patients

Between the years 1980 and 1990, 320 eyes were enucle-
ated due to retinoblastoma at our Department of Ophthal-
mology. Only sections of paraffin-embedded eyes with ad-
equate tumor material to perform immunohistochemical
staining were accepted for the study. A total of 107 enucle-
ated eyes with retinoblastormas met this criterion.

For the second part of the study, 30 patients present-
ing with metastasized retinoblastomas at our Center be-
tween 1968 and 1993 were selected. A total of 18 enu-
cleated eyes with retinoblastomas were available for
immunohistochemistry.

Immunohistochemistry

Five-micron paraffin sections were stained for tumor vessels
with a CD31 antibody (Dako, Copenhagen, Denmark) using
an avidin-biotin immunoperoxidase technique, as previ-
ously described.® Hematoxylin and eosin staining was per-
formed in parallel. Hot spots, areas with the richest vascu-
larity, were chosen at low magnification (x40). Then the
CD31-positive vessels were counted using an eyepiece
with a square field of 0.25 mm? at a higher magnification
(X200). Three hot spots were counted for each tumor inde-
pendently by two examiners blinded to the clinical and
pathohistochemical data. The median of the three counts
was recorded. The interobserver counting variability was
less than 5%.

Statistical Analysis

Statistical analysis was performed using SPSS 6.01 soft-
ware (SPSS, Inc., Chicago, IL). The Cox proportional
hazards model was applied to select prognostic factors.
A P value of less than 0.05 was considered statistically
significant.

Initially, a total of 107 retinoblastoma sections were ex-
amined. Clinical and pathohistological characteristics are
listed in Table 1. Patients presenting with unilateral and

Figure 1. Immunohistochemical staining for endothelial cells with CD31
antibody in retinoblastoma. a: Poorly vascularized tumor. b: Well vascular-
ized tumor. ¢ Tumor with very exceptionally high number of vessels.
Peroxidase, magnification: X200.
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Figure 2. Comparison of vessel densities per 0.25-mm? field. a: Unilateral
versus bilateral. b: No local invasive growth versus invasive (choroid or optic
nerve involvement, and both choroid and optic nerve involvement). ¢: No
metastasis versus metastasis.

bilateral retinoblastomas were included. According to the
pathohistological growth pattern, the tumors were evalu-
ated for their invasive growth. The infiltration of the cho-
roid and/or invasion into the optic nerve was defined as

Vessel Densities in Retinoblastoma 393
AJP February 2004, Vol. 164, No. 2

local invasive growth. A further criterion was the pres-
ence of metastasis at the time of diagnosis.

Endothelial cells were stained with a CD31 antibody
and vessels were counted according to the international
consensus on the methodology and criteria of quantifica-
tion of angiogenesis in solid tumors.'® A variation of ves-
sel lumen was not observed and the distribution of the
vessels in the retinoblastoma showed no particular pat-
tern. Retinoblastomas with scarce and with numerous
vessels could be identified (Figure 1, a and b). One
retinoblastoma with a very exceptionally high number of
vessels could be observed (Figure 1c). Unilateral and
bilateral retinoblastomas did not show differences in their
median vessel count (unilateral x = 4.6; bilateral x = 4.8;
P = 0.41) (Figure 2a). The same was the case with other
clinical data, such as age at the time of diagnosis, and
sporadic or familial retinoblastoma (data not shown). Lo-
cal invasiveness ie, retinoblastomas infiltrating the cho-
roid or the optic nerve or both, correlated with higher
vessel densities (no local invasiveness, x = 4.1; invasion
of choroid or optic nerve, x = 5.1, P = 0.05; invasion of
choroid and optic nerve, x = 5.3; P = 0.024) (Figure 2b).
When we studied the vascular indices of retinoblastomas
presenting with metastasis, we noted a two-fold higher
vascular density. This observation was however statisti-
cally insignificant (metastasis, x = 10.5; no metastasis,
x = 4.7, P = 0.11) (data not shown). The number of
patients presenting with metastasis being small (n = 6)
possibly plays a role for the insignificant result in the
statistical tests. To further investigate the possible corre-
lation between higher vessel densities and the presence
of metastasis, we examined all tumors (n = 18) available
from retinoblastoma patients presenting with metastasis
at the time of diagnosis at our Center between 1968 and
1993. The metastasized retinoblastomas had significantly
higher vessel densities than all retinoblastomas present-
ing without metastasis (metastasis, x = 7.7; P = 0.025)
(Figure 2c).

In conclusion, our study demonstrates for the first time
that vessel densities in retinoblastoma correlate with local
invasive growth and the presence of metastasis at the
time of diagnosis. Therefore, in retinoblastoma, angio-
genesis seems to play an important role for invasive
growth, both locally and systemically.

Discussion

The survival rate of retinoblastoma patients has dramat-
ically improved over the last century. It is now greater
than 90% in major centers, while untreated tumors are still
mostly fatal.’® Early diagnosis and improved treatment
methods are mostly responsible for the improved sur-
vival. However, patients from countries with insufficient
health care and diagnostic tools still often present with
disseminated disease. Such advanced tumors are often
not curable with the available multimodal therapy. The
survival rate in the cases with presence of metastasis is
30%. The presence of metastasis is, therefore, an impor-
tant feature in the outcome of retinoblastoma. Risk factors
for metastasis in retinoblastomas have been studied by
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several authors. Pathohistological signs of invasion of eye
structures such as the choroid, sclera, and optic nerve
anterior or posterior to the lamina cribrosa are highly
predictive for the presence of metastasis and correlate
with the risk of death.?® In such patients, prophylactic
orbital external beam radiotherapy and/or systemic che-
motherapy may be indicated. Several studies on patients
with metastasis show that high-dose chemotherapy with
autologous bone marrow rescue is a therapeutic option,
but nevertheless the prognosis is very poor.2"2? Data on
biological factors influencing the difference in aggres-
siveness and invasive potential of retinoblastoma are
scarce. The biological phenomenon of tumor angiogen-
esis as an indication of higher malignant potential has
been shown on multiple occasions with solid neo-
plasms.™"® In our study, we were interested in whether
vessel densities, as an indicator of tumor angiogenesis,
play a role in invasive growth of retinoblastomas and the
formation of metastasis. If this were the case, anti-angio-
genesis could be discussed as a new therapeutic option.

We did not find a difference in vessel densities when
clinical data, such as uni- or bilateral retinoblastoma,
familial or sporadic cases, sex or age were examined.
The first important result of this study shows that the
number of intratumoral vessels plays a significant role in
local invasive growth. Retinoblastomas are usually de-
tected by fundoscopy at a very early stage when local
structures are not invaded by the tumor cells. We spec-
ulate that the angiogenic switch,?® which renders the
tumor a highly vascularized phenotype, occurs at the
stage when the choroid or the optic nerve are infiltrated.
In such cases, as shown by our data, angiogenesis
seems to play a crucial role for the further expansion. The
second important result of our study is that intratumoral
vessel densities are a statistically significant factor for the
hematogenous metastasizing of retinoblastomas. Once
tumor cells have gained access to the circulation, they
can colonize to distant sites. Therefore, retinoblastomas
with high vessel counts indicate a high risk of developing
hematogenous metastasis. As a consequence, in such
patients a specific diagnostic and staging program
should be initiated to identify metastasis.

Anti-angiogenesis as a new treatment option has been
tested for several tumors including pediatric malignan-
cies.?*25 Based on current knowledge, it is believed that
patients would profit most from a combination therapy
consisting of anti-angiogenic and chemotherapeutic
drugs. Such a combination therapy targets both the en-
dothelial compartment and the tumor cell compartment,
and seems to be more effective in improving the outcome
than either therapy alone.

Retinoblastomas with pathohistological signs of invasive-
ness are at risk of having metastasized. In regard to our
data, tumors additionally demonstrating high vessel densi-
ties could profit from an anti-angiogenic treatment. In these
rare cases the additional application of anti-angiogenic
substances in combination with a chemotherapeutical re-
gime seems to be justified, since we have shown that an-
giogenesis is an important feature in these tumors.
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