AGGRESSIVE RETINAL ASTROCYTOMAS IN FOUR PATIENTS WITH TUBEROUS
SCLEROSIS COMPLEX

BY Jerry A. Shields MD,* Ralph C. Eagle Jr MD, Carol L. Shields MD, AND Brian P. Marr MD

ABSTRACT

Objective: To report the clinical and histopathologic findings of retinal astrocytic tumors that showed progressive growth
in four patients with tuberous sclerosis complex (TSC).

Methods: Four young children each developed an enlarging retinal neoplasm that eventually necessitated enucleation of
the affected eye. The systemic findings, clinical course, and histopathologic findings were reviewed.

Results: Each patient had a progressively enlarging retinal mass associated with a total exudative retinal detachment and
neovascular glaucoma. Enucleation was necessary in each case because the affected eye became blind and painful. The
mean patient age at enucleation was 7 years, and the median age was 3 years. At the time of enucleation the tumors
ranged from 10 to 20 mm in basal diameter and from 10 to 25 mm in thickness. Histopathologic studies of each eye
revealed a giant cell astrocytoma that had produced a total exudative retinal detachment. The tumor cells showed posi-
tive immunoreactivity to neuron-specific enolase and glial fibrillary acidic protein. The retinal neoplasms in these cases
were identical histopathologically to the subependymal giant cell astrocytoma that typifies TSC in the brain. One tumor
filled the entire eye and perforated the globe. Although the lesions simulated retinoblastoma clinically, each patient had
ocular and systemic findings of TSC, supporting the diagnosis of astrocytic hamartoma.

Conclusions: Although retinal astrocytic lesions of TSC generally are stationary, they can sometimes grow relentlessly and
cause severe ocular complications. Patients with retinal astrocytic hamartomas should have serial ophthalmic evaluations

because of this possibility.
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INTRODUCTION

Retinal astrocytic hamartoma is the best-known ocular
manifestation of tuberous sclerosis complex (TSC).'* It is
generally a sessile or slightly elevated lesion in the nerve
fiber layer of the retina, but it can have several clinical
variations. It can be unilateral, bilateral, solitary, multifo-
cal, transparent, opaque, noncalcified, or calcified."
Retinal astrocytic hamartoma in association with TSC
generally is considered to be a relatively stationary lesion
that has little potential for aggressive behavior.'” In rare
instances, however, a retinal astrocytic hamartoma can
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show progressive growth and cause severe local complica-
tions. We report the clinical course and histopathologic
findings in four patients with TSC, each of whom devel-
oped progressive growth of a juxtapapillary astrocytic
hamartoma that caused secondary retinal detachment and
neovascular glaucoma, necessitating enucleation of the
affected eye.

METHODS

The clinical records and histopathologic findings were
reviewed and summarized for four patients with TSC who
underwent enucleation of one eye because of tumor
growth and neovascular glaucoma. Clinical findings evalu-
ated included patient age at enucleation, patients sex,
tumor dimensions, and frequency of retinal exudation,
retinal detachment, neovascular glaucoma, and extraocu-
lar extension. Assessment of pathologic findings included
review of grossly sectioned eyes, histopathologic sections,
and immunohistochemical preparations. The literature on
aggressive retinal astrocytic neoplasms that came to
enucleation was reviewed, and a comparison was made
between those associated with TSC and those unassoci-
ated with TSC.
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RESULTS

In the computerized files of the Ocular Oncology Service
at Wills Eye Hospital, we identified four cases of aggres-
sive astrocytic retinal tumors associated with TSC that
required enucleation. The TSC in each patient was char-
acterized by hypopigmented cutaneous macules, facial
angiofibromas, and subependymal or cortical lesions typi-
cal of TSC seen with computed tomography or magnetic
resonance imaging. One patient had renal cysts and none
had cardiac, lung, or other lesions of TSC.

Concerning ocular manifestations, each patient had a
similar clinical course, characterized by progressive
enlargement of a previously recognized yellow retinal
juxtapapillary mass (Figure 1) that ultimately caused a
blind, painful eye and necessitated enucleation. In addi-
tion, three of the four patients had multiple retinal astro-
cytic tumors in both eyes and only one patient had a soli-
tary retinal tumor.

The pertinent clinical information on our four cases is
summarized in Table 1. There were two boys and two girls.
Each tumor was surrounded by yellow intraretinal exuda-
tion that was documented to slowly progress to a total
exudative retinal detachment and neovascular glaucoma.
This progressive exudation and retinal detachment
appeared to be directly related to gradual enlargement of
the tumor. The intervals from the initial diagnosis of reti-
nal tumor to enucleation ranged from 6 months to 13
years. In the patient with the 13-year interval, enucleation
had been advised at age 7 years, but the parents had
refused and only consented to enucleation when the tumor
caused perforation of the globe 6 years later. Based on clin-
ical estimation and ultrasonography, the tumor sizes at the
time of enucleation ranged from 12x8x9 mm to 20x20x25
mm, with the latter (case 4) being the tumor that filled the
entire globe and perforated the cornea. Seven years earlier
that tumor measured 8x8x4 mm, attesting to the relent-
less, slow growth that characterized all of the tumors.

It is of interest that the smaller, more peripheral
astrocytomas in the ipsilateral and contralateral eyes of
three patients did not exhibit growth during the course of
follow-up, ranging from 3 to 12 years. In every case, only
one larger tumor near the optic disk showed progressive
growth and retinal detachment, whereas all other tumors
remained stationary.

Two of our patients (cases 2 and 3) had surgical
attempts elsewhere to control the growing tumor and the
retinal detachment by laser, vitrectomy, and retinal reat-
tachment. In each case, the attempts failed and there was
slow, relentless growth of the tumor.

Pathological Findings
The macroscopic appearance of the sectioned enucleated
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eyes is illustrated in Figures 2 through 5. In cases 1
through 3, yellow-white tumors arose from the posterior
retina in the region of the optic disk. These tumors meas-
ured 7, 10, and 14 mm in largest diameter and were asso-
ciated with total secondary retinal detachments. Two were
predominantly exophytic, and the third had a combined
exophytic-endophytic growth pattern. In case 4, the
neoplasm filled the entire globe and perforated the sclera.

Pertinent histopathologic features are summarized in
Table 2. All four eyes had florid iris neovascularization and
secondary angle closure (Figure 6), and all had total
nonrhegmatogenous exudative retinal detachments. The
retina in case 4 was largely destroyed. All four neoplasms
contained extensive areas of necrosis, comprising 50% to
95% of the tumor (Figure 7). Each of the retinal
neoplasms was composed of two types of cells that were
present in varying proportions. One group of cells had
copious quantities of pale eosinophilic cytoplasm and
resembled those found in subependymal giant cell astrocy-
toma (SEGA) of the brain in TSC (Figure 8). These giant
cells typically were large and round or oval in profile, and
the periphery of their cytoplasm occasionally was vacuo-
lated. Many of the giant cells had large round or oval nuclei
with prominent nucleoli. The cells in the second group
were more elongated and fusiform in shape and had more
intensely eosinophilic cytoplasm and smaller, darker nuclei
(Figure 9). In several cases the retina and the parenchyma
of the optic nerve contained large numbers of these plump
spindle cells. The large, aggressive neoplasm in case 4 had
invaded the choroid and optic nerve; it had a moderate
degree of nuclear pleomorphism and atypia and occasional
mitotic figures. Glial cells with abundant cytoplasm were
found in the retrolaminar part of the atrophic optic nerve
in all cases. All of the astrocytic tumors contained foci of
basophilic, multilaminated calcospherites (Figure 10), and
two contained metaplastic bone. Hamartomas of the iris
and ciliary epithelia were present in two eyes. The latter
finding has been reported previously.®

The results of special immunohistochemical studies
are summarized in Table 3. All tumors coexpressed
neuronal marker neuron-specific enolase (NSE) and glial
marker glial fibrillary acidic protein (GFAP). In general,
the giant cells were immunoreactive for NSE but were
negative or only minimally reactive for GFAP (Figure 11).
In contrast, the spindle cells expressed both NSE and
GFAP (Figure 12). The tumor cells also were strongly
immunoreactive for S-100 protein and vimentin.
Melanoma marker HMB-45 was uniformly negative.

Reported cases of aggressive retinal astrocytomas
without clinical evidence of TSC are summarized in Table
4. We were able to identify 12 reported cases that we
believe are acceptable based on a review of the clinical
description and the illustrations.™ Reported cases of
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FIGURE 1 FIGURE 2
Case 2. Fundus photograph showing bilobed nodular mass arising from Case 2. Gross appearance of sectioned globe showing bilobed epipapil-
the retina and overlying the optic nerve. lary retinal mass and total retinal detachment.

FIGURE 3 FIGURE 4
Case 1. Gross appearance of sectioned globe showing exophytic retinal Case 3. Gross appearance of sectioned globe showing yellowish white
mass and total retinal detachment. epipapillary mass and total retinal detachment.

FIGURE 5 FIGURE 6
Case 4. Gross appearance of sectioned globe showing neoplasm totally Case 2. Neovascular glaucoma. Florid fibrovascular membrane flattens
filling interior of eye and extending anteriorly through corneoscleral anterior iridic surface central to wide peripheral anterior synechia.
perforation. Ectropion iridis is present (hematoxylin-eosin, original magnification

x50). N indicates area of necrosis.
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FIGURE 7
Case 3. Low magnification photomicrograph showing largely endophytic Case 2. Giant cells. Round or oval cells have abundant pale eosinophilic
epipapillary tumor with extensive sheets of basophilic necrosis. The cytoplasm with peripheral vacuolization and round nuclei with nucleoli.
neighboring retina is detached by densely proteinaceous subretinal fluid They resemble cells found in subependymal giant cell astrocytoma
(hematoxylin-eosin, original magnification x10). (hematoxylin-eosin, original magnification x100).

5o .

FIGURE 9 FIGURE 10

Case 1. Plump spindle cells in retinal stalk. Plump fusiform cells have Case 2. Calcospherites. Tumor contains multilaminated, basophilic
intensely eosinophilic cytoplasm and oval nuclei that are smaller and calcium deposits (hematoxylin-eosin, original magnification x 100).

darker (hematoxylin-eosin, original magnification x100).

FIGURE 11 FIGURE 12

Case 2. Immunoreactivity of giant cells for neuron-specific enolase Case 1. Immunoreactivity of giant cells for neuron-specific enolase
(NSE) and glial fibrillary acidic protein (GFAP). Giant cells are (NSE) and glial fibrillary acidic protein (GFAP). Spindle cells show
immunoreactive for NSE, but do not stain for GFAP. Neighboring spin- intense immunoreactivity for both NSE and GFAP (original magnifica-
dle cells are strongly GFAP-positive (original magnification x100). tion x100).
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TABLE 1. CLINICAL INFORMATION ON FOUR PATIENTS WITH TUBEROUS SCLEROSIS COMPLEX AND AGGRESSIVE RETINAL ASTROCYTOMA

MONTHS FROM

AGE AT RETINAL INITIAL DIAGNOSIS TUMOR SIZE AT
CASE ENUC SEX EXUDATION RD NVG TO ENUC ENUC (MM) EOE
1 3 M Yes Yes Yes 20 12x8x9 No
2 3 M Yes Yes Yes 24 14x14x7 No
3 1 F Yes Yes Yes 6 10x10x 10 No
4 14 F Yes Yes Yes 156 (13 yr) 20x20x25 Yes

Enuc, enucleation; EOE, extraocular extension; NVG, neovascular glaucoma; RD, retinal detachment.

TABLE 2. HISTOPATHOLOGIC FINDINGS IN FOUR PATIENTS WITH TUBEROUS SCLEROSIS COMPLEX AND AGGRESSIVE RETINAL ASTROCYTOMA

GROWTH PLUMP OPTIC NERVE
CASE ~ PATTERN % NECROSIS  GIANT CELLS SPINDLE CELLS CALCOSPHERITES BONE RD NVI EOE INVASION
1 Exo 95% Yes Yes Yes No Yes Yes No Yes
2 Exo 70% Yes Yes Yes No Yes Yes No Yes
3 End-exo 50% Yes Yes Yes Yes Yes Yes No Yes
4 End-exo 60% Yes Yes Yes Yes Yes Yes Yes Yes
End, endophytic; EOE, extraocular extension; Exo, exophytic; NVI, iris neovascularization; RD, retinal detachment.

TABLE 3. SUMMARY OF IMMUNOHISTOCHEMICAL REACTIVITY*

CASE NSE-GC NSE-SP GFAP-GC GFAP-SP s-100 VIMENTIN HMB-45
1 +2 +3 - +3 +3 +4 Not done
2 +2 +2 Trace or — +2 +2 +3 -
3 +1 Trace Trace or — +2 +2 +4 -
4 +4 +4 - +2 focal +3 Trace -

GG, giant cell component; GFAP, glial fibrillary acidic protein; HMB-45, melanoma-specific antigen; NSE, neuron-specific enolase; S-100, S-100 protein;

SP, spindle cell component.

“Staining was interpreted as trace to intense (+4) as graded on a scale of +1 to +4. Lack of staining was indicated with a minus (-).

aggressive retinal astrocytomas in patients with TSC,
including our four cases, are summarized in Table 5. Our
literature search revealed five previously reported accept-
able cases of aggressive retinal astrocytic hamartomas that
were clearly associated with TSC,"* one of which is
included in our series of four cases.?

A comparison of Tables 3 and 4 suggests that there
are many similarities between aggressive retinal astrocy-
tomas unassociated with overt manifestations of TSC and
those associated with TSC. However, those unassociated
with TSC tended to require enucleation at an older age,
and choroidal melanoma was often a diagnostic consider-
ation prior to enucleation. All were solitary lesions that
occurred in patients who had no other fundus tumors or
other abnormalities. There appeared to be a greater
component of spindle cells in tumors unassociated with

TSC, but this was difficult to assess accurately in our liter-
ature review. Otherwise, there were no important clinical
or histopathologic differences between the two groups.
Histopathologically, the tumors in each group were simi-
lar to the subependymal giant cell astrocytoma that char-
acterizes TSC.»*

DISCUSSION

Tuberous sclerosis complex is a heritable disorder charac-
terized by a variety of hamartias and hamartomas, includ-
ing congenital hypopigmented cutaneous macules (“ash-
leaf sign”), facial angiofibromas (“adenoma sebaceum”),
intracranial paraventricular or subependymal astrocy-
tomas, cardiac rhabdomyoma, renal angiomyolipoma, and
retinal astrocytic hamartomas. About 60% of cases are
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TABLE 4. REPORTS OF ENLARGING RETINAL ASTROCYTOMAS WITH NO EVIDENCE OF TUBEROUS SCLEROSIS COMPLEX, MANAGED BY ENUCLEATION*
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Boles’ 1958 6
Foos® 1965 31 F 8x6 X BPE X Yes Yes Yes
Jordano’ 1974 9 F 14x12 BPE X Yes Yes
Reeser" 1978 6
Ramsay" 1979 41 M X X 8x6 ROMM x No No
Wolter 1982 26 M X X 22x19 BPE X No No Yes
Jakobiec” 1983 <1 M X X 10x10 BPE X Yes No No
Ulbright“ 1984 1 F X X 13x7 R/O RB X No No No
Arnold”® 1985 16 F X X 11x9 X BPE X X Yes
Bornfeld®® 1987 56 M X X X BPE X Yes
Shields C'" 2004 16 F X X 10x6 X Growth X No No No
Shields C" 2004 33 F X X 9x7 X Growth X No No No
BPE, blind, painful eye; ENUC, enucleation; RZO MM, rule out melanoma; R/O RB, rule out retinoblastoma.
*Incomplete list of reported cases. A few reported cases were not included because of poor documentation.
fLargest basal diameter and thickness. Some sizes are estimated, based on review of published illustrations.
TABLE 5. REPORTS OF ENLARGING RETINAL ASTROCYTOMAS WITH EVIDENCE OF TUBEROUS SCLEROSIS COMPLEX, MANAGED BY ENUCLEATION
2 ©
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Wolter' 1969 10 M X X 10x10 ? Yes BPE X Yes No
Garron® 1964 6 F X X 9x6 ? Yes BPE X ? Yes No
Coppeto™ 1982 9 F X X 10x4 Yes Yes BPE X Yes Yes Yes
Margo™ 1993 27 F X X 9x5 Yes No R/OMM X No Yes No
Gunduz® 1999
Shields J
(this series)
(case 1) 2003 3 M X X 12x9 Yes Yes BPE X Yes Yes No
Shields |
(this series)
(case 12) 2003 3 M ? ? 14x7 Yes Yes BPE X Yes Yes Yes
Shields J
(this series)
(case 3) 2003 1 F X X 10x10  Yes Yes BPE X Yes Yes Yes
Shields |
(this series)
(case 4)* 2003 14 F X X 20x10  Yes Yes BPE X Yes Yes Yes

BPE, blind, painful eye; Enuc, enucleation; RZO MM, rule out melanoma; R/O RB, rule out retinoblastoma.
*This is same case reported by Gunduz et al. >
fLargest basal diameter and thickness. Some sizes are estimated, based on review of published illustrations.
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sporadic, and 40% are familial and appear to be inherited
in an autosomal dominant fashion.”” However, the disor-
der is believed to be recessive at a molecular level, similar
to retinoblastoma. About half of the cases with TSC show
linkage to chromosome 9g34 and about half to chromo-
some 16p13.23.% The clinical manifestations of both types
seem to be very similar.

Each of our patients had clinical findings compatible
with TSC. The main ocular finding of TSC is the astrocytic
hamartoma of the retina.'” Less frequent ocular manifes-
tations include patches of iris hypopigmentation and atyp-
ical inferior iris colobomas. Another recently described
intraocular lesion in patients with TSC is hamartoma of the
iris and ciliary body epithelium.® This lesion usually is not
appreciated clinically but has been found on histopatho-
logic examination of enucleated eyes. It was present in two
of our patients and possibly is more common, but it is over-
looked clinically and histopathologically.

Retinal astrocytic hamartomas occur in about 50% of
patients with TSC, about 50% of whom have bilateral reti-
nal involvement.*® This tumor can manifest as a small,
sessile noncalcified lesion in the nerve fiber layer, as a
multinodular yellow-white calcified lesion, or as a combi-
nation of the two.** Most lesions are relatively small, rang-
ing from 0.5 to 5.0 mm in diameter, and larger lesions are
exceptional.

There have been a number of reports in the literature
on retinal astrocytomas associated with TSC that
remained fairly stable or, rarely, produced mild vitreous
tumor seeding or vitreous hemorrhage, but did not
require enucleation. Those reports were not cited in this
review, which addressed only lesions that were aggressive
enough to require enucleation and undergo histopatho-
logic studies.

It has been stressed that astrocytic hamartoma of
TSC is generally a fairly stationary lesion that shows little
or no tendency to grow. The four cases reported here are
clearly exceptions to that rule. Each showed slowly
progressive enlargement that eventually caused total reti-
nal detachment and neovascular glaucoma that required
enucleation of the affected blind, painful eye.

The retinal tumors described in this report are simi-
lar to those that occur in the brain in patients with TSC.
The characteristic brain lesion of TSC is the subependy-
mal astrocytoma.®* In both the brain and the retina, the
astrocytic hamartoma can be an isolated finding without
other clinical evidence of TSC. Those in the brain, like
those in the retina, are generally asymptomatic and are
detected on radiographic evaluation. However, the
subependymal astrocytoma of TSC sometimes can behave
aggressively and cause a sudden increase in intracranial
pressure, visual loss, and death.***" However, the progno-
sis for life is good when tumors are surgically removed or

decompressed.” It is of interest that such aggressive
behavior in both the brain and the retina is more likely to
occur in very young children, often before the age of 5
years. In our review, the retinal astrocytic neoplasm
appeared to require enucleation at a somewhat earlier age
in children with TSC (mean, 9 years; Table 5) than those
patients without TSC (mean, 20 years; Table 1).

The histopathologic findings of retinal astrocytic
hamartoma can vary from case to case. The typical small,
stationary astrocytic hamartoma usually is confined to the
nerve fiber layer of the retina and is composed of elon-
gated fibrous astrocytes with interlacing cytoplasmic
processes.’** The more aggressive tumors described in
this report are composed predominantly of large, plump
cells with abundant eosinophilic cytoplasm, nuclear pleo-
morphism, and some mitotic activity. The tumors charac-
teristically show extensive necrosis and calcospherites.
These findings, present in our four cases, are virtually
identical to those that characterize the subependymal
giant cell astrocytoma of TSC.2*

Immunohistochemical analysis of the retinal giant cell
astrocytoma characteristically shows a mixed glioneuronal
phenotype. Despite the fact that the tumor has an overtly
astrocytic appearance, the giant cells are often nonreac-
tive or weakly positive for GFAP, but typically stain
strongly for NSE. Most tumors are also immunoreactive
for S-100 protein. This mixed immunophenotype suggests
that the tumor is heterogeneous or hybrid in nature,
expressing proteins of both glial and neuronal cells.® Our
cases tended to show a biphasic pattern of immunoreac-
tivity; the larger giant cells were positive for NSE and
negative or only weakly positive for GFAP, whereas the
neighboring plump spindle cells were positive for NSE
and GFAP. These immunohistochemical properties are
also similar to those of the giant cell astrocytomas of the
central nervous system.?*

An intriguing aspect of our cases was that three
patients had multiple, bilateral retinal astrocytomas, but
only one of the tumors demonstrated progressive growth
and complications. Each tumor that showed growth was
located adjacent to the optic disk, and all four tumors
invaded the optic nerve. It is of interest that neuropathol-
ogists still classify the giant cell astrocytoma of TSC as a
benign neoplasm, despite the fact that it can slowly
enlarge and demonstrate local invasion.** The more
peripheral tumors in the ipsilateral and contralateral eyes
remained stable and had no tendency to proliferate.

There have been several case reports of tumors that
seem identical histopathologically to the cases reported
here but occurred as unilateral solitary lesions in some-
what older patients who had no clinical findings of TSC.™
"We have chosen to call such lesions acquired retinal
astrocytomas in order to differentiate them from the
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congenital astrocytic lesions that classically are associated
with TSC."? However, it is not possible to categorically
state that the acquired retinal astrocytoma is not a forme
fruste of TSC in which the disease is expressed only as a
solitary retinal lesion that may cause ocular complications
somewhat later in life. It was not possible to perform
genetic studies on our patients, but in the future, genetic
studies may answer the question as to whether the solitary
acquired retinal astrocytoma is related to TSC.

The clinical differential diagnostic considerations in
the progressive retinal astrocytic hamartoma include
retinoblastoma, choroidal melanoma, and several other
fundus conditions. In an infant or young child, systemic
and ocular manifestations of TSC should suggest astro-
cytic  hamartoma rather than retinoblastoma.
Ophthalmoscopically, retinal astrocytic hamartoma char-
acteristically shows an exudative retinal detachment with
yellow, lipoproteinaceous exudation in the sensory retina
and subretinal space. Such exudation is not seen in
untreated retinoblastoma. Even though the retinal blood
vessels that supply retinal astrocytic tumors are slightly
dilated, they typically are not markedly dilated and tortu-
ous, as seen in a comparable-sized retinoblastoma. In rare
instances, a carefully planned fine-needle aspiration
biopsy has been employed to differentiate retinal astro-
cytic hamartoma from retinoblastoma.” However, that
technique should be reserved for exceptional cases where
the diagnosis has not been established by other methods.

In contrast to choroidal melanoma, progressive reti-
nal astrocytic hamartoma is entirely amelanotic, produces
yellow exudation, and is located in the sensory retina
rather than the choroid.® In one reported case, the eye
was enucleated with the diagnosis of melanoma.” In retro-
spect, the typical fundus features and the finding of
subependymal astrocytomas should have suggested the
diagnosis of astrocytic hamartoma. A review of other
reported cases that clinically simulated melanoma also
shows features more suggestive of retinal astrocytoma.”*

Other fundus tumors such as choroidal hemangioma,
choroidal osteoma, and choroidal metastasis should not be
confused with astrocytoma, because they have distin-
guishing features and lack appreciable yellow retinal and
subretinal exudation.® In addition, conditions that
produce yellow exudation, like retinal capillary heman-
gioma and Coats™ disease, have typical features that
should differentiate them from retinal astrocytoma.***

In summary, we report here on four patients with
TSC who developed progressive growth of a retinal astro-
cytic hamartoma, each of whom eventually required
enucleation because of complications of neovascular glau-
coma. The histopathologic features of these unusual
tumors are identical to those seen with the subependymal
giant cell astrocytoma of TSC. Similar lesions have been
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reported in patients without clinical manifestations of
TSC and may represent a forme fruste of that syndrome.
Progressive retinal astrocytic hamartoma has rather
distinctive features that serve to differentiate it from
retinoblastoma, choroidal melanoma, and other related
fundus conditions.
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DISCUSSION

Dr DENNIS M. ROBERTSON. The paper by Shields reports
four cases of singularly unusual giant cell astrocytomas
that developed in the retinas of patients who had features

of tuberous sclerosis; in each case, the tumors demon-
strated aggressive growth with destruction of the eye, and
in each case enucleation was required. The tumors in
these cases are unusual in that they do not represent the
type of spindle cell astrocytic retinal tumor usually seen in
cases with tuberous sclerosis. The cell type in the four
cases reported by the authors has two major cell compo-
nents: one a spindle cell and the other a larger neuronal
cell.  These retinal tumors appear similar to the
subependymal giant cell astrocytomas that occur in the
brain in patients with tuberous sclerosis. The question
arises as to whether or not these retinal tumors can actu-
ally become malignant and metastasize. The issue of
malignancy in the giant cell astrocytomas in the brain has
largely been settled. In a large, systematically studied
series of giant cell astrocytomas reviewed at the Mayo
Clinic among patients with tuberous sclerosis, although
cytologic atypia was common occurring in approximately
80 percent of the cases and mitotic figures were recog-
nized in one to slightly more than five mitotic cells per
high-power field, these histologic findings appeared not to
affect the prognosis and none of the tumors have been
known to metastasize.'?

This is a very rare tumor. The incidence of tuberous
sclerosis in population studies has been estimated to be
between 1 in 15,000 and 1 in 150,000.* The likelihood of
finding retinal tumors in patients with tuberous sclerosis
is approximately 50 percent. I have been fortunate to
work with Dr. Manfred Gomez at the Mayo Clinic, who
developed an in-depth interest in tuberous sclerosis and
who attracted a large referral practice of patients with
tuberous sclerosis. In 1976, I published a study based on
116 patients that we had seen at the Mayo Clinic with
tuberous sclerosis.”> Since then, I have continued to see
patients with tuberous sclerosis, totaling now over 160
patients, and I have never seen the type of lesion that has
been reported by the authors of this report.

The authors acknowledge that the retinal lesions in
tuberous sclerosis generally do not grow. This well-known
fact has been supported by numerous reports, including a
study published by Zimmer-Galler and Robertson in
1995.° Doctor Zimmer-Galler and I published a series of
cases with long-term follow-up showing the relative stabil-
ity of these tumors over intervals beyond two decades.
Although the development of intratumoral calcifications
over follow-up of one to two decades was illustrated in
that publication, we also showed that a typical translucent
velvety hamartoma could remain unchanged without
developing calcification over follow-up of nearly two
decades.

It appears that the diagnosis of the retinal tumors,
such as reported by the authors, even in the setting of
tuberous sclerosis, may be very difficult. To absolutely
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differentiate these from retinoblastoma may not be possi-
ble without histology. In all four cases reported by the
authors, the tumors were first seen in infancy, were para-
papillary, contained calcium, and developed exudative
components coincident with their growth. Are the
authors aware of any patients who have developed co-
existing retinoblastoma in the setting of tuberous sclero-
sis?

Finally, when faced with another similar case, have
the authors formulated a strategy for some form of thera-
peutic intervention that might conceivably save the eye.
If these tumors were recognized at an early age when
their growth was just beginning and if histology confirmed
the nature of the lesion, and if the optic nerves were not
invaded, would the authors consider transvitreal endore-
section with vitrectomy, removal of the tumor, and retinal
repair? The latter is a formidable procedure, but since
the tumors themselves appear not to be comprised of
malignant cells, it is not likely that the surgical procedure
itself would be associated with a systemic problem. Also,
since enucleation appears otherwise inevitable, such a
procedure might be a reasonable consideration.
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Dr Victor M. ELNER. Did any of the other hamartomas
in the brain grow in these patients? In other words, is this
only something that was isolated to the retina or did the
same event occur within the CNS lesions? How is this
distinguished histopathologically from massive gliosis or
could this be a massive gliotic response to tumor?

Dr JErRrRY A. SHIELDs. Concerning Dr Robertson’s
comments, I can make the following comments and
responses. From our literature review and personal expe-
rience, we are not aware of metastasis from retinal astro-
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cytoma. This parallels the lack of metastasis from the simi-
lar neoplasm in the brain. The co-existence of retinoblas-
toma and tuberous sclerosis must be extremely rare. We
are aware of one report of presumed retinoblastoma and
astrocytoma in the same eye of a patient who apparently
did not have tuberous sclerosis.'

I believe there is a strong argument for early manage-
ment of an aggressive retinal astrocytic hamartoma. If we
detect a small astrocytic hamartoma that shows either
progressive growth or exudation and retinal detachment,
early treatment would seem justified. However, transvit-
real endoresection would probably not be my first choice.
If the tumor were still small, one could consider laser
treatment. If it were medium-sized, one could consider
plaque brachytherapy. If it were a large tumor with exten-
sive retinal detachment, one might consider vitrectomy,
intraocular gas, and endolaser or cryotherapy or subse-
quent plaque brachytherapy. If the patient has total reti-
nal detachment and neovascular glaucoma, as in our cases,
then enucleation is justified.

With regard to the questions of Dr Elner, the similar
tumor in the brain can also rarely show aggressive local
behavior and produce hydrocephalus or other complica-
tions. To our knowledge, none of the brain tumors have
progressed in the patients reported in our series or in
other reported cases of aggressive retinal astrocytoma.
The solitary tumor reported here can be clinically similar
to some cases of massive gliosis of the retina, which can
occasionally present as a distinct mass. However, massive
gliosis generally occurs as extensive, diffuse gliosis in eyes
that have had trauma or chronic retinal detachment from
Coats disease, retinal capillary hemangiomatosis and
other such insults.
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