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Abstract

Purpose: To report a case of intratumoral gene expression
profile discordance in a malignant uveal melanoma, associ-
ated with intratumoral heterogeneity based upon histo-
pathologic features. Methods: The clinical history, fundus
findings, imaging and histopathologic features, and Deci-
sionDx-UM gene expression profile results (Castle Bioscienc-
es, Inc,, Phoenix, AZ, USA) of the tumor were reviewed. Re-
sults: A trans-retinal fine-needle aspiration biopsy was per-
formedforathin, pigmented choroidaltumorina33-year-old
man. Cells obtained from this biopsy were tested using the
DecisionDx-UM gene expression profile test and the tumor
was classified as class 1A. Cytology confirmed melanoma.
The patient subsequently elected to undergo enucleation.
On microscopic examination of the globe, the tumor was
composed primarily of spindle B cells, but had a focal area
composed of epithelioid cells. This portion of the tumor was
subsequently tested and demonstrated a class 1B gene ex-
pression profile. Conclusion: Intratumoral discordance in
gene expression profile results has been described in uveal

melanomas. Here we demonstrate that this discordance may
be associated in some cases with intratumoral heterogene-
ity based upon histopathologic features.
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Introduction

Uveal melanoma is associated with high rates of meta-
static disease, despite good local control of the intraocular
tumor with radiation or enucleation. Gene expression
profile (GEP) testing is now a common method used by
clinicians to clarify risk for metastatic disease for indi-
viduals being treated for uveal melanoma [1]. It is an
RNA-based transcriptional analysis of 12 discriminant
genes and 3 control genes, which has been shown in a
prospective clinical trial to differentiate between tumors
with high risk for metastasis (class 2 tumors) and lower
risk for metastasis (class 1) [2, 3]. Class 1 tumors more
closely resemble normal uveal melanocytes in their gene
expression patterns, whereas class 2 tumors more closely
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Fig. 1. Clinical imaging of the choroidal tu-
mor at initial evaluation in the ocular on-
cology clinic. a Color fundus photograph.
b Optos fundus photograph. ¢ Fundus au-
tofluorescence. d B-scan echography (lon-
gitudinal).

resemble primitive neural/ectodermal stem cells with lost
expression of melanocytic genes [4]. Further subclassifi-
cation of class 1 tumors into 1A and 1B tumors suggests
a better prognosis for class 1A tumors, thus making it
clinically relevant to distinguish between the two sub-
groups [3, 5, 6].

With increasing use of GEP testing and increasing re-
liance of clinicians on the GEP results for ongoing man-
agement of tumors, metastatic surveillance decisions,
and clinical trial enrollment, a comprehensive under-
standing of the reliability of this testing modality is criti-
cal. Intratumoral genetic heterogeneity is a known phe-
nomenon in uveal melanoma, and has now been de-
scribed with both chromosomal analyses and GEP testing
[2, 7, 8]. One concern with chromosomal analysis of tu-
mors is that this testing has been demonstrated to be sub-
ject to sampling error due to the variance of distribution
within tumors [7]. The Coupland group has shown that
multiplex ligation-dependent probe amplification test-
ing of microdissected formalin-fixed uveal melanoma
tissue demonstrated variation in chromosomal status for
chromosomes 1, 3, 6, and 8 in 75% of tumors evaluated,
suggesting that single-site biopsy testing may not be rep-
resentative of the chromosomal status of the whole tu-
mor. However, while there was variation present, the
overall determination of chromosome 3 status was gen-
erally the same between sites and when compared with
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the entire tumor as a whole [7, 9]. Indeed, only excep-
tional cases have clearly demonstrated genetic differenc-
es which correlate to distinct histopathologic areas with-
in the same tumor [10].

In initial studies, GEP testing appeared to demonstrate
less heterogeneity across tumors than monosomy 3 test-
ing [2]. However, Augsburger and colleagues [8] recently
reported an 11% rate of GEP discordance among tumors
tested with two fine-needle aspiration biopsy (FNAB)
samples. Here we report a case in which histopathologic
evidence of tumor heterogeneity is associated with intra-
tumoral discordance of GEPs, providing the first clinical
pathologic correlation of GEP discordance.

Case Report

A 33-year-old patient presented with gradual decrease in vision
in the right eye for 5 years. His medical history included neurofi-
bromatosis type 1 and developmental delay. He was a glaucoma
suspect based upon optic nerve appearance.

At presentation, best-corrected visual acuity was count fingers
at 3 feet for the right eye and 20/60 for the left eye. Intraocular pres-
sures were within normal limits. Slit-lamp examination revealed
Lisch nodules in both eyes. Dilated fundoscopic examination re-
vealed a broad-based, mildly elevated, pigmented lesion involving
the macula of the right eye, with overlying retinal pigment epithe-
lial metaplasia (Fig. la-c). There was an epiretinal membrane
present that involved the entire macula and extended onto the disc
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Fig. 2. Histopathology. a Low magnifica-
tion of choroidal tumor (H&E, x4). b Ex-
trascleral extension along ciliary artery
(H&E, x20). ¢ Tumor heterogeneity (H&E,
x20) with eosinophilic appearance of the
epithelioid portion of the tumor in com-
parison to the spindle B cell portion of the
tumor. d High-magnification view of tu-
mor heterogeneity (H&E, x40).

margin. Drusen were present overlying the lesion, suggestive of
chronicity, and there was no lipofuscin or subretinal fluid ob-
served. The dilated funduscopic findings in the left eye were unre-
markable. B-scan ultrasound showed a choroidal lesion occupying
the entire macula from the disc to the temporal mid-periphery of
the globe with low internal reflectivity (Fig. 1d). The tumor thick-
ness was 2.5 mm. The sclera appeared intact by B-scan echography.
A review of historic photographs revealed no melanocytic lesion
in photos taken 22 years prior, at age 11. There was a melanocytic
lesion present in the macula in photos taken at age 21, but the le-
sion appeared to have enlarged substantially since that time. Based
upon these findings, a uveal melanoma was suspected and after a
discussion of management options, the patient elected to proceed
with diagnostic FNAB of the lesion.

A trans-retinal FNAB was performed for diagnostic and prog-
nostic purposes. Cytology revealed pigment-containing cells with
small nuclei, condensed chromatin, and prominent nucleoli. The
atypical cells were consistent with melanoma, though other pig-
ment-containing neoplasms could not be completely excluded.
The DecisionDx-UM GEP test classified the tumor as class 1A with
a discriminant value of 0.96, indicating a low risk for metastatic
disease. Systemic imaging did not reveal findings consistent with
metastatic uveal melanoma. The options of close observation, pro-
ton beam radiotherapy, and enucleation were discussed with the
patient. The patient and family preferred enucleation. On gross
examination, the globe showed evidence of extrascleral extension
in the macula near the optic nerve. On microscopic examination,
there were nests of tumor cells in the sclera adjacent to the optic
nerve with extrascleral extension along a ciliary artery (Fig. 2a, b).
The tumor appeared consistent with a mixed-cell-type malignant
melanoma. The majority of the melanoma was composed of spin-
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dle B cells with high nuclear-to-cytoplasmic ratio and coarse gran-
ular chromatin. However, there was a distinct area occupying 25%
of the choroidal mass composed of cells with an epithelioid ap-
pearance (Fig. 2¢, d). Given the marked intratumoral heterogene-
ity, there was concern that the initial FNAB might not have sam-
pled the higher-grade portion of the tumor. Therefore, repeat GEP
testing was performed on paraffin-embedded tissue from the epi-
thelioid portion of the tumor, which demonstrated a class 1B GEP
with a discriminant value of 0.85. Based upon the histopathologic
and GEP results, the prognosis with regards to risk for metastatic
disease for the patient was revised to be poorer, with risk for clini-
cally apparent metastatic disease at 5 years increasing 10-fold from
2t0 21%. To date, the patient has not developed metastatic disease
after 2 years of follow-up.

Discussion

Intratumoral heterogeneity with regards to chromo-
somal analyses in uveal melanomas is a well-recognized
issue which can affect accuracy of prognostication using
this technique [7]. Many groups now favor GEP testing
over chromosomal analyses for prognostic biopsy in uve-
al melanoma, and GEP testing using intraoperative FNAB
is now commonly used for prognostic classification of
primary uveal melanomas [1]. Early results suggested this
testing offered a “snapshot” of the tumor as a whole, with
little intratumoral heterogeneity, thus offering improved
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accuracy of prognostication from a single needle sam-
pling. GEP analysis requires substantially less tissue than
chromosomal detection methods and the rate of test fail-
ure from insufficient tissue is low in comparison [11].

There are limited data on GEP intratumoral heteroge-
neity and the frequency of this phenomenon is not yet
known; however, it appears to be more common than ini-
tially suggested. Onken et al. [12] investigated regional
heterogeneity and gene expression signatures in eight tu-
mors and found regional discordance within one tumor
with alow discriminate value that reduced the result con-
fidence. More recent work has demonstrated a low but
consequential rate of intratumoral GEP signature discor-
dance among two-site tumor biopsies [8]. Augsburger’s
study reported discordance in 11.3% (n = 80) of the uveal
melanomas that were biopsied at two distinct sites and
even greater discordance in the tumors <3.5 mm thick
(23.8%) [8]. Tumors with discordant results were ob-
served to behave more closely to class 2 tumors. These
studies preceded the class 1A and class 1B designations,
so no data evaluating discordance within class 1 catego-
ries was collected. Some have advised two-site testing be-
cause it has been shown to decrease the odds of underes-
timating the risk of metastasis [8]. However, multi-site
testing of small tumors can be associated with increased
risk of surgical complications and may be associated with
an increased cost of testing. The Collaborative Ocular
Oncology Group recommended in Report No. 1 to sam-
ple areas separately when morphologically distinct tumor
components are present based upon clinical evaluation
[2]. In this case, no morphologically distinct areas were
noted on clinical exam; however, histopathologic and
GEP heterogeneity was nonetheless present.

The case presented provides the first clinicopathologic
correlation in which histopathologic intratumoral het-
erogeneity of a primary uveal melanoma is associated
with heterogeneity of the GEP classification. The higher-
grade portion of the tumor on histopathology demon-
strated a more worrisome GEP class than the initial bi-
opsy, although the discordance was mild (class 1A vs.
class 1B). The clinical implications of intratumoral het-
erogeneity and GEP discordance remain unclear, but
GEDP testing to assist in determining the suitability of ob-
servation for small or indeterminate tumors should be
interpreted with caution, as underestimation of metastat-
ic risk is possible. In addition, when counseling patients
with uveal melanoma, it is important to consider other
factors known to impact survival, including the anatomic
disease staging, rather than considering the results of ge-
netic testing in isolation [13-16]. It is likely that there is
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an interplay between these multiple prognostic factors
that ultimately will determine an individual’s prognosis,
and a prognostication algorithm that integrates genetic
testing data with other clinical and pathologic criteria will
likely prove to be most predictive for survival.
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