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Abstract
Purpose: Uveal ganglioneuroma is a rare tumor that usually
occurs in association with neurofibromatosis type 1. Here,
we present a rare case of a uveal ganglioneuroma leading to
a diagnosis of the tumor predisposition condition Cowden
syndrome. Procedures: A 5-year-old girl with unilateral re-
fractory glaucoma secondary to diffuse iris and choroidal
thickening developed a blind, painful eye. Enucleation was
performed, and histopathology revealed infiltration of the
entire uveal tract by neoplastic spindle cells containing ad-
mixed ganglion cells diagnostic of uveal ganglioneuroma.
Targeted next-generation sequencing of 510 cancer-associ-
ated genes was performed on tumor tissue and peripheral
blood. Results: A germline nonsense mutation in the PTEN
gene was found, accompanied by loss of heterozygosity in
the tumor. A diagnosis of Cowden syndrome was made, for
which the family sought genetic counseling and initiated the
recommended cancer screening. Conclusions: A novel as-
sociation is found between uveal ganglioneuroma and
Cowden syndrome, emphasizing the value of genetic tissue
testing in managing patients with rare ocular tumors.

©2016 S. Karger AG, Basel

Introduction

Ganglioneuroma of the choroid is a rare tumor usu-
ally associated with neurofibromatosis type 1 (NF1), with
only 9 cases previously reported [1-10]. Cowden syn-
drome is caused by a germline mutation in the PTEN tu-
mor suppressor gene and is characterized by hamartoma-
tous growths as well as an increased risk for breast, thy-
roid, endometrial, renal, and gastrointestinal cancer [11].
To our knowledge, no association between uveal ganglio-
neuroma and Cowden syndrome has been previously re-
ported. Here, we describe an informative case of a uveal
ganglioneuroma presenting as a unilateral infantile glau-
coma leading to a diagnosis of Cowden syndrome via tar-
geted next-generation sequencing.

Methods

Retrospective analysis of clinical, histopathologic, and genetic
records of 1 patient was performed. Targeted next-generation se-
quencing of 510 cancer-associated genes was performed on ge-
nomic DNA isolated from peripheral blood and microdissected
tumor tissue in the Clinical Cancer Genomics Laboratory at the
University of California, San Francisco. A standard bioinformatics
pipeline was used to assess for germline and somatic single-nucle-
otide variants, small insertions/deletions, structural variants, and
copy number changes.

© 2016 S. Karger AG, Basel
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Fig. 1. Clinical findings. a External photo-
graph of the right eye of the patient at pre-
sentation at 2 years of age, showing periph-
eral anterior synechiae with poor pupillary
dilation and ectropion uveae. b B scan of
the right eye 9 months after initial presen-
tation demonstrates a shallow serous re-
tinal detachment and diffuse choroidal
thickening. ¢ T1-weighted MRI of the same
patient at 2 years of age, showing enlarge-
ment of the right globe and smooth, diffuse
thickening of the choroid.

Results

A 2-year-old girl born at 31 weeks with a history of
macrocephaly, developmental delay, and gradual en-
largement of the right eye presented with elevated intra-
ocular pressure in the right eye. On initial examination
under anesthesia, the intraocular pressure was 28 mm Hg
in the right eye and 19 mm Hg in the left eye. The axial
length was 26.0 mm in the right eye compared to 20.6 mm
in the left eye. Examination of the anterior segment re-
vealed a curvilinear opacity in the inferior cornea, periph-
eral anterior synechiae with poor pupillary dilation, and
ectropion uveae in the right eye (Fig. 1a). Fundus exami-
nation revealed a dysplastic-appearing right optic nerve
with a cup-to-disc ratio of 0.8 and rim thinning superi-
orly. Examination of the left eye was unremarkable. The
patient’s intraocular pressure remained uncontrolled de-
spite maximal medical management, and an Ahmed valve
was subsequently placed in the right eye 6 months after
the initial presentation. The intraocular pressure in the
right eye remained uncontrolled despite this, and multi-
ple subsequent surgeries were performed over the follow-
ing 2 years due to progressive iris thickening and pupil-
lary membrane formation. B scan (Fig. 1b) and MRI
(Fig. 1c) of the right eye showed a shallow serous retinal
detachment and diffuse choroidal thickening. A small bi-
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opsy of the iris at the time of a pupilloplasty procedure
revealed a spindle cell neoplasm with tumor cells that
showed immunostaining for S-100, SOX-10, and GFAP
(Fig. 2a-d) but not for HMB-45 and Melan-A (not
shown). There were no morphologic features to suggest
malignancy, with MIB-1 labeling present in approxi-
mately 2% of the tumor cells (Fig. 2e).

The clinical presentation with a diffusely thickened
uveal track, in conjunction with this small iris biopsy,
suggested the possibility of neurofibroma. As such, the
patient was subsequently referred for NF1 evaluation.
The patient had 1 café-au-lait macula on the right but-
tock, but no other skin lesions or other stigmata of NF1.
Her family history was negative for neurofibromatosis.
Peripheral blood testing for NF1 was negative for patho-
genic mutations, and chromosomal microarray analysis
was unremarkable.

An additional pupilloplasty procedure was performed
6 months later, and an additional iris biopsy at that time
showed the same spindle-shaped cells with small ovoid
nuclei without prominent nucleoli or significant pleo-
morphism. The eosinophilic cytoplasm was slightly wavy.
These cells did not show staining with HMB-45 or smooth
muscle actin (SMA) antibodies. They did stain positively
for neurofilament and S-100 and were felt to be most con-
sistent with a neurofibroma (Fig. 3).

Ocul Oncol Pathol 2017;3:122-128
DOI: 10.1159/000450552

123



B T 3 N PULRE Ry B T
‘a r:“‘-‘-\;‘"hl O g .“‘-"‘." b : -*‘.\ “'C'-'

A T R o 2 e L) % N

> iy, e T e s G - R ..'P! bRt 8 1 4
oo ™ e WAL i Lag S8 o e I O S LY o g N Ny o 3
5, S T iU . O T R N ] ; Sartmi
DN BT e T A IR A TR, L AL A U
b e SAR TR AN Y YA \ ot N ke O8O
,l\_‘\'n \__-:. .“|‘ R RN LD oy Y . b o L

!J..-: A U I 4 “"".'.'). :‘“." i

- -

CE AN NS S Tl =

At Tt :

Fig. 2. Histopathology of the first iris biopsy. The iris biopsy was performed at the time of the pupilloplasty pro-
cedure 9 months after initial presentation. a Hematoxylin and eosin (x200) revealed a spindle cell neoplasm with
immunopositivity for S-100 (b), SOX-10 (c), and GFAP (d). e MIB-1 staining of the neoplasm, estimated at 2%
of the tumor cells.
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Fig. 3. Histopathology of the second iris biopsy. Fourteen months after initial presentation, an additional iris bi-
opsy was performed at the time of a subsequent pupilloplasty procedure. a Hematoxylin and eosin (x200) shows
the same spindle-shaped cells as the first iris biopsy. The spindle cells demonstrate immunostaining for neuro-
filament (b) and S-100 (c). Immunohistochemical stains for HMB-45 (d) and SMA (e) were negative.
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Fig. 4. Gross pathology of the enucleated
specimen. Enucleation of the patient’s
right eye was performed at 5 years of age.
Gross photographs show a buphthalmic
globe with an attached glaucoma drainage
device (a) and diffuse, irregular choroidal
thickening (b).

Fig. 5. Enucleation histopathology. Hema-
toxylin and eosin (x20) shows diffuse uve-
al-tract infiltration by the spindle cell neo-
plasm including the iris (a, arrow) and cili-
ary body (arrowhead) and the choroid (b,
asterisks). ¢ Choroid magnification (x100)
demonstrating a dense infiltrate of spindle
cells with multiple neoplastic ganglion cells
of varying size (arrows). d Choroid magni-
fication (x400) showing a large dysmor-
phic ganglion cell (arrow).

At 5years of age, the patient developed a blind, painful
eye due to uncontrolled intraocular pressure, and the eye
was enucleated (Fig. 4). On histopathology, the entire
uveal tract including the iris, ciliary body, and choroid
was infiltrated by neoplastic spindle cells with admixed
large dysmorphic ganglion cells diagnostic of ganglio-
neuroma (Fig. 5). The neoplastic ganglion cells demon-
strated immunopositivity for synaptophysin and neuron-
specific enolase, while the Schwannian spindle cells
showed immunopositivity for S-100 and SOX-10. MIB-1
showed a low proliferation index (Fig. 6). Antibodies
against Melan-A, HMB-45, and SMA failed to stain the
tumor cells. The long and short posterior ciliary nerves
were enlarged, and the retina was detached by an eosino-
philic exudate posteriorly. There were focal areas of full-

Uveal Ganglioneuroma in Cowden
Syndrome

S

e " ," 2
o~ i ity
/ ﬂ4 oc, f‘( .' :_ - LT R
% "f.ﬁ (SR L
P A gt P Vg T
WY o R as Tac g 1 Lol
AL e el ey
d K& S s, 2
- gﬁ o = - o= Wy
e \ \\ -
Vo 3 N\ - {
oS p— . - \.-—f’u\:‘b“ =
e " - 't..“'\ e ]
_— 7= et Yo -
R S R W NN AR
" . - LR
N s TX O ST .tf':‘f. "
DR e AR, il ':"“.‘}

thickness retinal atrophy. The sclera was thinned posteri-
orly, and the optic nerve was slightly atrophic.

Targeted next-generation sequencing of 510 cancer-
associated genes was performed on genomic DNA iso-
lated from the patient’s peripheral blood and microdis-
sected tumor tissue. This testing revealed a germline non-
sense mutation in the PTEN gene (p.L146*) with copy
number neutral loss of heterozygosity in the tumor. Ad-
ditional somatic genomic alterations such as NFI or RET
mutations were not identified. A diagnosis of Cowden
syndrome was established.

The patient was evaluated by the pediatric genetics ser-
vice and is to undergo annual screening including yearly
thyroid ultrasound and dermatologic examination, as
well as neurologic, psychologic, and school evaluations.

Ocul Oncol Pathol 2017;3:122-128 125
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Fig. 6. Enucleation immunohistochemistry. The neoplastic spindle cells demonstrated immunostaining for S-100
(a) and Sox-10 (b), while the neoplastic ganglion cells demonstrated immunostaining for neuron-specific enolase
(c) and synaptophysin (d), consistent with a diagnosis of ganglioneuroma. e MIB-1 labeling was present in less

than 2% of the tumor cells.

A strong family history of early-onset uterine cancer was
elicited in her maternal grandmother and multiple of her
maternal grandmother’s siblings. Genetic testing was also
recommended for the patient’s 2 siblings aged 4 and 7,
which is currently underway. Additionally, the patient
was found to have an arteriovenous malformation in the
left arm when she developed pain due to compartment
syndrome, and she underwent surgical resection and fas-
ciotomy.

Discussion

Ganglioneuroma is typically a benign, slow-growing
tumor arising from neural crest cells that is most com-
monly found along the sympathetic chain in the posterior
mediastinum, retroperitoneum, adrenal gland, and neck
[12, 13]. Ganglioneuroma of the uveal tract is an extreme-
ly rare entity. These tumors can present with buphthal-
mos, intractable glaucoma, or as a blind, painful eye [1-
10]. On review of the literature, we found only 9 prior
cases of uveal ganglioneuroma reported [1-10], 7 of
which were in the setting of newly diagnosed or previ-
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ously established NF1 [1-8]. One case of choroidal gan-
glioneuroma without confirmed NF1 has been reported
in the German literature [9], and 1 case was reported in
the French literature of which details were not accessible
[10].

The PTEN hamartoma tumor syndrome includes a
continuum of disorders including Cowden syndrome,
Bannayan-Riley-Ruvalcaba syndrome, and Lhermitte-
Duclos disease, all caused by germline mutations in
PTEN, a tumor suppressor gene [11]. The mutation is
typically inherited in an autosomal dominant fashion, but
in up to 44% of the cases, it occurs de novo with no prior
family history [14]. Cowden syndrome is characterized
by mucocutaneous findings including facial trichilem-
momas, oral papillomas, mucocutaneous neuromas, and
acral keratoses, but these are variable. Other features in-
clude vascular anomalies, lipomas, fibromas, benign thy-
roid nodules, gastrointestinal polyps, macrocephaly, and
developmental delay [11, 15]. Gastrointestinal ganglio-
neuromatous polyps have as well been reported in pa-
tients with Cowden syndrome [16]. Importantly, these
patients carry an increased risk for breast, thyroid, endo-
metrial, renal, and gastrointestinal cancer [11, 15]. As
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such, enhanced cancer screening is recommended in
these patients. For adults, the recommended regimen in-
cludes annual thyroid ultrasound and dermatologic ex-
amination beginning at the age of 18, mammography be-
ginning at the age of 30, colonoscopy beginning at the age
of 35, and renal imaging beginning at the age of 40 [17].

Tan et al. [15] described the prevalence of clinical fea-
tures of PTEN mutations in the pediatric population and
noted macrocephaly in 100%, autism or developmental
delay in 82%, dermatologic features in 60%, vascular
anomalies such as arteriovenous malformations or hem-
angiomas in 29%, and gastrointestinal polyps in 14% of
the patients. Thyroid cancer and germ cell tumors were
also noted to be associated. Thus, screening with annual
thyroid ultrasound and dermatologic examinations as
well as psychiatric and school evaluations are indicated in
children.

To our knowledge, this is the first reported case of a
uveal ganglioneuroma in a patient with PTEN hamarto-
ma tumor syndrome. This diagnosis was only possible
through tumor genetic profiling, which allowed us to
identify a germline mutation that confers an increased
lifelong risk for systemic malignancy to its carriers. Our
patient exhibited a number of the clinical features of
PTEN syndrome including developmental delay, macro-
cephaly, and arteriovenous malformation, but no unify-
ing diagnosis had been established prior to genetic testing
of her uveal tumor. This diagnosis has broad implications
for future health, as patients are to undergo enhanced
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cancer screening per the above guidelines. It also carries
great significance for a family, as siblings and other fam-
ily members should undergo genetic testing, and an af-
fected patient’s future offspring have a 50% chance of in-
heriting the disease.

This case highlights how genomic profiling is revolu-
tionizing cancer diagnostics. Combining histopathologi-
cal evaluation and genetic evaluation should be consid-
ered in cases of diagnostic uncertainty. These tools may
have particular use in rare tumors of the eye and else-
where.
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