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Are Risk Factors for Growth of Choroidal Nevi
Associated With Malignant Transformation?

Assessment With a Validated Genomic
Biomarker
J. WILLIAM HARBOUR, MANUEL PAEZ-ESCAMILLA, LOUIS CAI, SCOTT D. WALTER, JAMES J. AUGSBURGER,
AND ZELIA M. CORREA
� PURPOSE: To test the hypothesis that widely used
clinical risk factors for growth of choroidal nevi are
associated with malignant transformation.
� METHODS: Fine needle biopsy for assignment of gene
expression profile (class 1 or class 2) was performed in
207 choroidal melanocytic tumors < 3.5 mm in thick-
ness. The class 2 profile was employed as a validated
biomarker for malignant transformation. The following
data were collected: patient age and sex, tumor diameter
and thickness, distance of posterior tumor margin from
the optic disc, and the presence or absence of serous
retinal detachment, orange lipofuscin pigment, drusen,
retinal pigment epithelial fibrosis, retinal pigment
epithelial atrophy, visual symptoms, and documented
tumor growth.
� RESULTS: Clinical features associated with the class 2
profile included patient age> 60 years and tumor thick-
ness > 2.25 mm (Fisher exact test, P [ .002 for both).
Documented growth was not associated with the class 2
profile (P [ .5). The odds ratio of a tumor having
the class 2 profile was 2.8 (95% confidence interval
1.3–5.9) for patient age> 60 years and 3.5 (95% confi-
dence interval 1.4–8.8) for tumor thickness> 2.25 mm.
For patients with both risk factors, the ‘‘number needed to
treat’’ to identify 1 patient with a class 2 tumor was 4.3
(P [ .0002). No other clinical feature or combination
of features was associated with the class 2 profile.
� CONCLUSIONS: None of the widely used choroidal
nevus risk factors for tumor growth, nor documented
growth itself, is pathognomonic of malignant transforma-
tion as defined by class 2 gene expression profile. Patient
age and tumor thickness may be helpful for identifying
small choroidal melanocytic tumors that are more likely
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to have the class 2 profile. Observation for growth prior
to treatment continues to be reasonable for most patients
with suspicious choroidal nevi. NOTE: Publication of
this article is sponsored by theAmericanOphthalmological
Society. (Am J Ophthalmol 2019;197:168–179. �
2018 Elsevier Inc. All rights reserved.)
INTRODUCTION

� DISTINGUISHING CHOROIDAL NEVI FROM SMALL
CHOROIDAL MELANOMAS

C
HOROIDAL MELANOCYTIC TUMORS COMPRISE A

spectrum from small flat benign nevi to large
elevated high-risk melanomas, with lesions at

either extreme being relatively easy to diagnose. However,
it has been a long-standing challenge to distinguish be-
tween large choroidal nevi that can be safely observed
and small choroidal melanomas that should be treated
promptly.1 Many names have been proposed for this equiv-
ocal category of lesions, including nevoma, indeterminate
melanocytic lesion, indeterminate pigmented choroidal
tumor, dormant melanoma, and suspicious choroidal
nevus.2–5 In his XXXIII Edward Jackson Memorial
lecture, Gass referred to these lesions as ‘‘melanocytic
choroidal tumors of uncertain biologic activity,’’ and he
was among the first to describe clinical features predictive
of tumor growth.6,7 The ‘‘Doctor Gass’’ risk factors
include visual symptoms, increased tumor size (thickness
and diameter), orange lipofuscin pigment, serous retinal
detachment, intrinsic tumor vessels, fluorescein
angiography hot spots, and the absence of chronic
changes induced by the tumor such as drusen, retinal
pigment epithelial atrophy and fibrosis, intraretinal
pigment migration, choroidal neovascularization, and
overlying cystic retina degeneration (Table 1). Remark-
ably, 40 years after Gass’s pioneering work, we still use
most of these risk factors. While many subsequent studies
have validated Gass’s findings, few have identified new
risk factors.
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TABLE 1. ‘‘Doctor Gass’’ Clinical Features Predictive of
Growth of Suspicious Choroidal Nevi

Mnemonic Letter Clinical Feature Favorable or Unfavorable

D Drusen Favorable

O Overlying retinal degeneration Favorable

C Chronic RPE changesa Favorable

T Thickness > 2 mm Unfavorable

O Orange lipofuscin pigment Unfavorable

R Reflectivity (low) Unfavorable

G Girth (diameter) Unfavorable

A Angiographic hot spots Unfavorable

S Subretinal fluid Unfavorable

S Symptoms Unfavorable

RPE ¼ retinal pigment epithelium.
aChronic RPE changes include atrophy, fibrosis, and choroidal

neovascularization. The widely used thickness threshold of 2mm

was suggested by Gass and is somewhat arbitrary, whereas this

study indicates an optimal threshold of 2.25 mm. Reflectivity re-

fers to low internal reflectivity, also called internal acoustic quiet

zone or acoustic hollowness. Symptoms attributable to the tu-

mor can include blurring, photopsia, metamorphopsia, and sco-

toma. All of these features were described by Gass, except low

internal reflectivity.6,7
Augsburger and associates evaluated 197 ‘‘melanocytic
choroidal lesions,’’ 39 of which grew during follow-up, for
a 5-year actuarial growth rate of 26%.3 Features predictive
of growth included increased tumor thickness, serous
retinal detachment, tumor margin within 2 disc diameters
of the optic disc, presence of symptoms, and presence of or-
ange pigment. The best combination of features for predic-
tion of lesion growth included tumor thickness, serous
retinal detachment, and symptoms. The 5-year rate of
growth was 5.8% when none of these factors was present,
and 90.6% when all features were present.

Butler and associates undertook a detailed statistical
analysis of 293 ‘‘indeterminate pigmented choroidal tu-
mors,’’ 98 of which grew on follow-up, representing a
36% 5-year actuarial growth rate. Greater tumor thickness,
presence of symptoms, orange pigment, internal acoustic
quiet zone on B-scan, and hot spots on fluorescein angiog-
raphy all were significant predictors of tumor enlargement
(relative risk of detectable tumor growth, >1.8).4 Interest-
ingly, these investigators found that low internal reflectiv-
ity (‘‘internal acoustic quiet zone’’) was associated with
tumor growth, whereas Gass did not find any ultrasound
characteristics that were predictive of growth.6,7 This
may be owing to Butler’s having access to better
equipment than was available in 1977.

The Collaborative Ocular Melanoma Study (COMS)
performed a prospective observational study of ‘‘small
choroidal melanomas.’’8 Among 188 patients enrolled in
this study, subsequent growth was documented in 46 cases,
with an actuarial growth rate of 21% at 2 years and 31% at 5
years. Features associated with growth included increased
tumor thickness and diameter, presence of orange pigment,
absence of drusen, and absence of chronic retinal pigment
epithelial changes.

Shields and associates analyzed 2514 ‘‘choroidal nevi’’
and observed growth in 2%, 9%, and 13% at 1, 5, and 10
years, respectively.9 Factors predictive of growth included
tumor thickness > 2 mm, serous retinal detachment symp-
toms, orange pigment, tumor margin within 3 mm of the
optic disc, ultrasonographic ‘‘hollowness’’ (low internal
reflectivity), and the absence of a ‘‘halo’’ (ring of depigmen-
tation around the tumor). The median hazard ratio associ-
ated with 1–2 features was 3; for 3–4 features was 5; for 5–6
features was 9; and for all 7 features was 21. The 2 ‘‘new’’
features in this report—ultrasonographic hollowness and
halo—were previously described by Butler and associates.4

As mentioned above, Butler found that ultrasonographic
hollowness was associated with tumor growth, but the
absence of a halo was not associated with growth. Since a
halo is found in only about 6% of choroidal nevi,4 and is
of disputed prognostic value, we have not found this feature
to be of clinical utility.

� GROWTH VERSUS MALIGNANT TRANSFORMATION: A
commonassumption regarding these choroidal nevus risk fac-
tors is that growth is equivalent to malignant transformation,
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and that these risk factors can identify small choroidal mela-
nomas that should be promptly treated rather than initially
observed.9–11 But is this a reasonable assumption?
In a review of 2627 cases of choroidal melanoma over a

40-year period, Zimmerman and McLean concluded that
there was ‘‘no support for the concept that dissemination
leading to metastasis begins with the onset of . local
growth.’’12 Other studies have demonstrated that histo-
pathologically benign choroidal melanocytic tumors can
grow.13,14 Furthermore, the definitions of growth used in
the literature are arbitrary and inadequate. Why, for
example, would lesion enlargement of 0.5 mm be
indicative of malignant transformation,9 but 0.4 mm would
not? The rate of growth is also important but has rarely been
considered in published studies. For example, an increase in
thickness of 0.5 mm over 1 month would be more concern-
ing for malignancy than the same amount of growth occur-
ring over 10 years. Taken together, these lines of evidence
raise doubts about the use of tumor growth as an indicator of
malignant transformation. Yet, it is not feasible to use
metastasis—the defining feature of malignant transforma-
tion—as the endpoint in studies of choroidal nevi owing
to the low rate of metastasis and long latency period.

� GENE EXPRESSION PROFILING: Fortunately, recent dis-
coveries in the molecular genetics of uveal melanoma pro-
vide a more accurate means of assessing the malignant
potential of a choroidal melanocytic tumor. In 2004, we
reported that gene expression profiling could be used to
predict the risk of metastasis in uveal melanomas treated
169ERSUS GENE EXPRESSION PROFILE



by enucleation.15 Tumors with the class 1 profile had a low
metastatic risk, whereas those with the class 2 profile had a
high metastatic risk. Subsequently, our group and others
showed that gene expression profiling was superior to clin-
ical, histopathologic, and chromosome markers for predict-
ing which uveal melanoma would metastasize.16–19 We
refined and migrated the gene expression profile to a
highly accurate and reproducible microfluidics real-time
polymerase chain reaction (PCR) platform comprising 12
discriminating genes and 3 control genes suitable for anal-
ysis of clinical specimens obtained by fine needle
biopsy.20,21

Further work has shown that the class 1 profile is indica-
tive of a differentiated melanocytic phenotype that is seen
not only in low-grade uveal melanomas, but also in benign
uveal nevi,melanocytomas, and even normal choroidalme-
lanocytes.22,23 In contrast, tumors with the class 2 profile
exhibit features of cytologic de-differentiation and expres-
sion of cancer stem cell markers.22,24 A large prospective
multicenter clinical trial performed by the Collaborative
Ocular Oncology Group (COOG) validated the
prognostic accuracy of the 15-gene clinical-grade profile,
and confirmed its superior prognostic accuracy compared
to clinical, histopathologic, and chromosomal features.25

With the subsequent availability and expanding use of
the commercially available version of the 15-gene profile
(DecisionDx-UM), ocular oncologists have found that ac-
curate molecular prognostic results can readily be obtained
by fine needle biopsy in almost all cases, even for very small
tumors in which biopsy yielded insufficient material for
cytopathologic examination.26,27 Thus, for purposes of
this thesis, we have defined malignant transformation as
having occurred if a choroidal melanocytic tumor exhibits
the class 2 gene expression profile.

� HYPOTHESIS: The term ‘‘malignant transformation’’ indi-
cates that a primary tumor has undergone a complex series of
genetic, molecular, and cellular changes associated with the
ability to metastasize.28 Since gene expression profiling of
choroidal melanocytic tumors ‘‘captures a functional ‘snap-
shot’ of the tumor’s microenvironment,’’ we argue that the
presence of the class 2 gene expression profile is the most ac-
curate method currently available for assessing whether the
complex processes associated withmalignant transformation
have occurred in a given tumor. Contrariwise, it seems un-
likely that such complex changes can be adequately
accounted for by simple clinical features. Therefore, we hy-
pothesized that most clinical risk factors for growth of suspi-
cious choroidal melanocytic tumors are not associated with
malignant transformation. To test this hypothesis, we
analyzed each clinical risk factor, individually and in combi-
nation, for statistically significant associationwith the class 2
gene expression profile. This approach allowed us to over-
come the difficulties associated with tumor growth as an
indicator of malignant transformation, and it avoided the
unfeasibly long time and large number of patients that would
170 AMERICAN JOURNAL OF
be required to use metastasis as the endpoint of a prospective
study.
METHODS

� DATA SOURCES: Data sources included patients from the
ocular oncology practice of J.W.H. at Washington Univer-
sity (enrolled between November 22, 2006, and November
12, 2011), the ocular oncology practice of J.W.H. at Bascom
Palmer Eye Institute (enrolled between January 23, 2013 and
June 20, 2017), and the ocular oncology practice of J.J.A. and
Z.M.C. at the University of Cincinnati (enrolled between
October 26, 2007, and May 19, 2015). The institutional re-
view boards ofWashingtonUniversity, University ofMiami,
and University of Cincinnati approved this retrospective
study before data collection began at each respective institu-
tion. Informed consent was obtained from each patient for
clinical treatment and participation in research. Patient in-
formationwas accessed in compliancewith theHealth Insur-
ance Portability and Accountability Act.
The study was limited to patients who underwent fine

needle biopsy for lesions diagnosed as suspicious choroidal
nevus or small choroidal melanoma with tumor thickness <_

3.5 mm that was predominantly (>90%) confined to the
choroid. This thickness cut-off was chosen to allow objective
determination of the optimal thickness threshold associated
with increased risk of malignant transformation, rather than
using an arbitrary threshold. Melanocytic tumors confined to
the iris and/or ciliary body were excluded because they do
not typically exhibit the choroidal nevus clinical features
that were the subject of this study. The decision to biopsy
was based on either (1) documented growth or (2) the pres-
ence of multiple clinical risk factors such that the risk of ma-
lignancy was deemed sufficiently high that biopsy was
performed without waiting for growth. The following data
were collected: patient age at biopsy, patient sex, tumor diam-
eter (measured by indirect ophthalmoscopy and B-scan ultra-
sonography, whichever was larger), tumor thickness
(measured using A- or B-scan ultrasonography), and distance
of posterior tumor margin from the optic disc (measure by in-
direct ophthalmoscopy and/or fundus photography). The pres-
ence or absence of the following features was assessed by
indirect ophthalmoscopy and fundus biomicroscopy in every
case, and also by optical coherence tomography (OCT),
fundus autofluorescence, and fluorescein angiography as
deemed necessary for confirmation in selected cases: serous
retinal detachment, orange lipofuscin pigment, drusen, retinal
pigment epithelial fibrosis, and retinal pigment epithelial atro-
phy. The presence of low internal reflectivity was determined
usingA- or B-scan ultrasonography, andwas defined as at least
one third of the tumor interior demonstrating average reflec-
tivity below one third that of the retina. Symptoms that
were judged to be attributable to the tumor by the treating
ocular oncologist (J.W.H., J.J.A., or Z.M.C.) were noted,
JANUARY 2019OPHTHALMOLOGY



TABLE 2. Genes Included in the 15-Gene Expression Profile

Gene Symbol Gene Name

Direction in

Class 2

CDH1 E-cadherin Up

ECM1 Extracellular matrix protein 1 Up

HTR2B 5-Hydroxytryptamine (serotonin)

receptor 2B

Up

RAB31 RAB31, member RAS oncogene family Up

EIF1B Eukaryotic translation initiation factor 1B Down

FXR1 Fragile X mental retardation, autosomal

homolog 1

Down

ID2 Inhibitor of DNA binding 2 Down

LMCD1 LIM and cysteine-rich domains 1 Down

LTA4H Leukotriene A4 hydrolase Down

MTUS1 Microtubule-associated tumor

suppressor 1

Down

ROBO1 Roundabout, axon guidance receptor, 1 Down

SATB1 SATB homeobox 1 Down

MRPS21 Mitochondrial ribosomal protein S21 Control

RBM23 RNA-binding motif protein 23 Control

SAP130 Sin3A-associated protein, 130 kDa Control
including blurred vision, metamorphopsia, micropsia, photop-
sia, and/or floaters. Tumor growth and metastasis were not
included as endpoints in this study, owing to the inherent inac-
curacies associated with these variables, as discussed in the
Introduction. Features described by Gass that were not
analyzed in this study include intraretinal pigment migration,
choroidal neovascularization, overlying retinal degeneration,
and fluorescein angiographic hot spots (Table 1). Intraretinal
pigment migration was not routinely noted, and choroidal
neovascularization29 was not common enough to be useful.
We have shown that overlying retinal degeneration detected
by OCT is prognostically favorable,30 but OCT was not
performed routinely throughout the entire study period. Simi-
larly, fluorescein angiography is not part of our routine evalu-
ation of choroidal nevi.

� DATA ANALYSIS METHODS: The method for performing
the 15-gene expression profile has been described in detail
elsewhere.31 Briefly, a needle biopsy of the tumor is performed,
and the aspirated contents are immediately expelled into an
empty tube. Extraction buffer (200 mL) is drawn up into the
needle to flush the hub, and is then expelled into the tube
containing the tumor sample. RNA is isolated, reverse tran-
scribed into cDNA, preamplified, loaded onto microfluidics
cards, and analyzed by real-time quantitative PCR. Ct values
are calculated for each of the 15 genes in the profile (Table 2),
and the results are analyzed by a machine learning algorithm
that assigns each new sample to class 1 or class 2. Prior to
September 1, 2010, samples were analyzed in the Harbour
Laboratory atWashington University. Thereafter, all samples
were analyzed at the College of American Pathologists–
accredited Clinical Laboratory Improvement Amendments–
certified laboratory of Castle Biosciences (Friendswood,
TX), under the trade name DecisionDx-UM.27,32

� STATISTICAL ANALYSIS: All statistical analyses were
performed in MedCalc software (version 15.8; MedCalc
Software, Ostend, Belgium). The main study endpoint
was class 2 gene expression profile. The optimal cut-off
for continuous variables was determined by receiver oper-
ating characteristics analysis. Evaluation of clinical vari-
ables for statistically significant association with class 2
gene expression profile was performed using Fisher exact
test. The best fit model for describing the relationship
between dichotomous clinical variables and class 2 gene
expression profile was determined using logistic regression.
A P value of <_ .05 was interpreted as statistically significant.
RESULTS

� SUMMARY DATA: Baseline clinical characteristics are
summarized in Table 3. We identified 207 patients who
met the study inclusion criteria—112 (54.1%) female
and 95 (45.9%) male—with a median age of 62 years
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(mean 61 years, range 15–88 years). Gene expression pro-
file status was class 1 in 163 (78.7%) and class 2 in 39
(21.3%) cases. Median tumor thickness was 2.5 mm
(mean 2.4 mm, range 1.0–3.5 mm), and LBD was 9.5 mm
(mean 9.8 mm, range 2.5–17.0 mm). The tumor was
located <_ 3 mm from the disc in 112 (54.1%) cases. Visual
symptoms attributable to the tumor were present in 120
(58.0%) cases. Subretinal fluid was detected in 136
(65.7%) cases, orange lipofuscin pigment in 121 (58.4%)
cases, low acoustic internal reflectivity in 60 (29.0%) cases,
drusen in 44 (21.0%) cases, retinal pigment epithelial
fibrosis in 25 (12.3%) cases, and retinal pigment epithelial
atrophy in 44 (21.3%) cases. Biopsy was performed owing
to documented growth in 95 (45.9%) cases and the pres-
ence of multiple clinical risk factors in 112 (54.1%) cases.

� RECEIVER OPERATING CHARACTERISTICS ANALYSIS:

Receiver operating characteristics analysis was performed
to identify optimal cut-offs for continuous variables (pa-
tient age, tumor largest basal diameter [LBD] and thick-
ness) (Figure 1). The optimal discriminant threshold
for patient age was >62 years (P ¼ .002, Youden index
J ¼ 0.277), and for tumor thickness was >2.25 mm (P ¼
.003, Youden index J ¼ 0.244). The area under the curve
for LBD did not reach statistical significance (P ¼ .3,
Youden index J ¼ .120). For statistical analysis, we used
an age cut-off of >60 years. For LBD, we selected 12 mm,
since this cut-off was previously shown to be a significant
threshold for metastatic risk in choroidal melanomas.33,34

� CLINICAL FEATURES ASSOCIATED WITH CLASS 2 PRO-
FILE: The Fisher exact test was performed to identify
choroidal nevus clinical features associated with the class 2
gene expression profile (Table 4). In addition to the
171ERSUS GENE EXPRESSION PROFILE



TABLE 3. Clinical Features of Patients With Suspicious
Choroidal Nevus

Variable

Summary Data

(N ¼ 207)

Age at diagnosis, years

Mean 61

Median (range) 62 (15–88)

Sex, n (%)

Female 112 (54.1)

Male 95 (45.9)

Largest basal diameter (mm)

Mean 9.8

Median (range) 9.5 (2.5–17.0)

<_12, n (%) 162 (78.2)

>12, n (%) 45 (21.7)

Thickness (mm)

Mean 2.4

Median (range) 2.5 (1.0–3.5)

<_2.25, n (%) 68 (32.9)

>2.25, n (%) 139 (67.1)

Subretinal fluid, n (%)

Yes 137 (66.1)

No 49 (23.7)

Not available 22 (10.6)

Visual symptoms, n (%)

Yes 120 (58.0)

No 86 (41.5)

Not available 1 (0.4)

Orange pigment, n (%)

Yes 121 (58.4)

No 84 (40.5)

Not Available 2 (1.0)

Tumor margin < 3 mm from optic disc, n (%)

Yes 112 (54.1)

No 94 (45.4)

Not available 1 (0.4)

Drusen, n (%)

Yes 44 (21.3)

No 161 (77.8)

Not available 2 (1.0)

RPE fibrosis, n (%)

Yes 25 (12.1)

No 179 (86.5)

Not available 3 (1.4)

RPE atrophy, n (%)

Yes 44 (21.3)

No 159 (76.8)

Not Available 4 (2.0)

Low acoustic internal reflectivity, n (%)

Yes 60 (29.0)

No 24 (11.6)

Not available 123 (59.4)

Gene expression profile class, n (%)

Class 1 163 (78.7)

Class 1A 87 (42.0)

Class 1B 40 (19.3)

Continued on next column

TABLE 3. Clinical Features of Patients With Suspicious

Choroidal Nevus (Continued )

Variable

Summary Data

(N ¼ 207)

Subclassification not available 36 (17.4)

Class 2 44 (21.3)

Documented growth, n (%)

Class 1

Yes 77 (37.2)

No 86 (41.5)

Class 2

Yes 18 (8.7)

No 26 (12.6)

RPE ¼ retinal pigment epithelium.
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established choroidal nevus clinical features associated with
lesion growth, we analyzed patient age and sex. The only fea-
tures associated with class 2 gene expression profile were pa-
tient age > 60 years (P ¼ .002) and tumor thickness >
2.25 mm (P ¼ .002) (Figure 2). Indeed, documented tumor
growth itself was not associated with the class 2 profile (P ¼
.5). Using logistic regression analysis, the only feature associ-
ated with class 2 gene expression profile was age > 60 years
(P ¼ .006) (Table 5). The odds ratio of a tumor having the
class 2 profile was 2.8 (95% confidence interval 1.3–5.9) for
patient age > 60 years and 3.5 (95% confidence interval
1.4–8.8) for tumor thickness > 2.25 mm. A 2-factor logistic
regression model using age > 60 years and tumor thickness
> 2.25 mm was highly predictive of class 2 gene expression
profile (P ¼ .0001). For patients with both of these features
vs those with 1 or none of these features, the odds ratio was
3.9 (95% confidence interval 1.9–7.9, P ¼ .0001), and the
number needed to treat to identify 1 patient with a class 2 tu-
mor was 4.3 (95% confidence interval 2.9–8.1, P ¼ .0002).

� CLINICAL FEATURES ASSOCIATED WITH CLASS 1B PRO-
FILE: With increasing application of this technology to
analyze smaller tumors, and with longer follow-up, it
has been recognized that class 1 tumors can be sub-classified
in a biologically meaningful manner into class 1A (minimal
metastatic risk) and class 1B (intermediate metastatic risk),
based on the expression of 2 genes (CDH1 and RAB31) in
the 15-gene profile.27,35 Strikingly, none of the choroidal
nevus clinical features showed statistically significant
association with class 1B gene expression profile by Fisher
exact test (Table 6), including tumor thickness > 2.25 mm
(P ¼ .4) and patient age > 60 years (P ¼ 1.0).
DISCUSSION

FORTY YEARS AFTER GASS’S LANDMARK TREATISE,6,7 THE

choroidal nevus clinical features that he described have
JANUARY 2019OPHTHALMOLOGY



FIGURE 1. Receiver operating characteristics analysis of (Left) patient age, (Middle) tumor thickness, and (Right) largest basal tu-
mor diameter vs class 2 gene expression profile. The indicated point for age and thickness represent the optimal thresholds for sensi-
tivity and specificity using the Youden J index.
stood the test of time as predictors of tumor growth. Yet, he
understood that growth was not equivalent to malignant
transformation, and he shared the view of many experts
that most choroidal nevi have ‘‘very low malignant
potential’’ and can be safely observed for growth prior to
treatment, regardless of risk factors.36,37 An alternative
view posits that ‘‘two or more risk factors probably
represent small choroidal melanomas’’ and ‘‘early
treatment is generally indicated’’ so that ‘‘better
prognosis can be achieved.’’38 However, there is very little
high-quality evidence in the literature to support this po-
sition. To address this controversy, we used the class 2 gene
expression profile as a validated biomarker for choroidal
melanocytic tumors that have undergone malignant trans-
formation, rather than relying on the crude and problem-
atic endpoint of tumor growth. Strikingly, we found that
none of the traditional risk factors for choroidal nevus
growth, except for tumor thickness, was associated with
the class 2 profile. Further, we found that increased
patient age (not one of the traditional risk factors) was
the strongest predictor of class 2 profile. These findings
raise important questions.

� SHOULD CLINICAL RISK FACTORS BE USED TO MAKE
TREATMENT DECISIONS? Several studies have shown
that class 2 uveal melanomas with diameter less than
12 mm have much lower risk of metastasis than those
with larger diameter,34,39 suggesting that early ablative
treatment of class 2 tumors when they are still small
might improve survival. However, only about 1 in 5
suspicious choroidal nevi have the class 2 profile. By
stratifying patients by age > 60 years and tumor thickness
> 2.25 mm, we can reduce the number of lesions needed
to treat to w4 for each one with the class 2 profile.
Consequently, when tumor location would allow ablative
treatment with only a small threat to vision, this
VOL. 197 CHOROIDAL NEVUS RISK FACTORS V
‘‘number needed to treat’’ may be acceptable. On the
other hand, when ablative treatment would pose a high
risk for vision loss, it is less clear whether this ‘‘number
needed to treat’’ is acceptable. In this case, a fine needle
aspiration biopsy to ascertain gene expression profile class
may be appropriate to avoid ablative treatment in class 1
tumors where the benefit is questionable. This risk-
benefit analysis could change with the development of
noninvasive tests that more accurately predict class 2 pro-
file (ie, lower the number needed to treat) or the develop-
ment of ablative therapies that pose less risk of vision loss.
The use of nonablative treatment aimed at reducing symp-
tomatic serous retinal detachment is beyond the scope of
this thesis.40 Our results suggest that treating patients
with choroidal nevi based on clinical risk factors alone
could result in many patients with benign lesions receiving
potentially unnecessary vision-threatening treatment. As
such, we do not view any of these choroidal nevus risk fac-
tors as pathognomonic of malignant transformation,
although patient age and tumor thickness may be helpful
for identifying small choroidal melanocytic tumors that
are more likely to have the class 2 profile.

� SHOULD ALL CLASS 1 TUMORS BE OBSERVED WITHOUT
TREATMENT? The 5-year metastatic rate for class 1 uveal
melanomas > 12 mm in diameter is only about 10%.33

For class 1 tumors < 12 mm, this metastatic rate is much
lower. Thus, initial observation for growth would seem
appropriate in most suspicious choroidal nevi <_ 2.25 mm
thickness and in patients <_ 60 years old, since most will
have the class 1 profile. But what if a tumor is found to
have the class 1 profile, then subsequently grows? Shouldn’t
that tumor receive ablative treatment to prevent it from
‘‘transforming’’ to the class 2 profile? Recent discoveries
in our laboratory have shed new light on this question
(Figure 3). All types of benign choroidal melanocytic
173ERSUS GENE EXPRESSION PROFILE



TABLE 4. Fisher Exact Test for Association Between
Choroidal Nevus Features and Class 1 Versus Class 2 Gene

Expression Profile

Variable

Class 1

N (%)

Class 2

N (%) P Value

Age > 60 years No: 88 (42.5)

Yes: 75 (36.2)

No: 12 (5.7)

Yes: 32 (15.5)

.002

Thickness > 2.25 mm No: 62 (30.0)

Yes: 101 (49.0)

No: 6 (3.0)

Yes: 38 (18.3)

.002

Absence of fibrous

metaplasia

No: 139 (68.1)

Yes: 22 (10.8)

No: 40 (19.6)

Yes: 3 (1.5)

.3

Largest basal diameter

> 12 mm

No: 129 (62.3)

Yes: 34 (16.4)

No: 33 (16.0)

Yes: 11 (5.3)

.5

Visual symptoms No: 69 (33.5)

Yes: 93 (45.2)

No: 16 (7.8)

Yes 28 (13.6)

.5

Presence of subretinal

fluid

No: 39 (21.0)

Yes: 103 (55.4)

No: 10 (5.4)

Yes: 34 (18.3)

.7

Absence of RPE atrophy No: 126 (62.0)

Yes: 34 (16.7)

No: 33 (16.0)

Yes: 10 (5.0)

.8

Absence of any chronic

feature

No: 100 (48.5)

Yes: 62 (30.1)

No: 28 (13.6)

Yes: 16 (7.7)

.8

Tumor margin < 3 mm

from disc

No: 74 (36.0)

Yes: 88 (42.8)

No: 20 (9.7)

Yes: 24 (11.7)

1.0

Absence of drusen No: 126 (61.5)

Yes: 35 (17.1)

No: 35 (17.1)

Yes: 9 (4.4)

1.0

Female sex No: 24 (28.0)

Yes: 36 (41.9)

No: 10 (11.6)

Yes: 16 (18.6)

1.0

Presence of orange

pigment

No: 66 (32.2)

Yes: 95 (46.3)

No: 18 (8.8)

Yes: 26 (12.7)

1.0

Low acoustic internal

reflectivity

No: 17 (20.2)

Yes: 42 (50.0)

No: 7 (8.3)

Yes: 18 (21.4)

1.0

Documented tumor

growth

No: 86 (41.5)

Yes: 77 (37.2)

No: 26 (12.6)

Yes: 18 (8.7)

.5

RPE ¼ retinal pigment epithelium.
lesions (eg, nevi, melanocytomas, melanocytosis, benign
diffuse uveal melanocytic proliferation) initially have
the class 1 gene expression profile, which signifies melano-
cytic differentiation.22 If the nascent lesion then acquires a
mutation in EIF1AX (Eukaryotic Translation Initiation
Factor 1A, X-Linked) or SF3B1 (Splicing Factor 3B
Subunit 1), it may progress and grow, but it retains the class
1 profile (class 1A or class 1B, respectively). Alternatively,
if the tumor undergoes biallelic mutational inactivation of
BAP1 (BRCA1 Associated Protein 1), the class 1 profile is
overtaken by the class 2 profile, which denotes a loss of
melanocytic differentiation and replacement by a cancer
stem cell–like state.22,24 Interestingly, while BAP1 is
differentially expressed in uveal melanoma (increased in
class 1 and decreased in class 2),41 it did not pass the
rigorous filtering process to be included in the final 15-
gene profile, which was optimized for dynamic range,
microfluidic PCR, and other characteristics needed for
optimal performance for needle biopsy samples. Further,
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the gene expression profile has prognostic accuracy that is
superior to sequencing for BAP1mutations because current
sequencing methods cannot detect all BAP1 mutations.42

Recently, we showed that once a choroidal melanocytic
tumor acquires a ‘‘BSE’’ (BAP1, SF3B1 or EIF1AX) muta-
tion, its evolutionary trajectory generally becomes fixed,
such that it does not acquire another BSE mutation or
switch gene expression profiles.42 Thus, it may be unneces-
sary to treat an EIF1AX-mutant class 1 tumor (regardless of
the presence of risk factors for growth), since its metastatic
risk is minimal and its likelihood of acquiring a BAP1 mu-
tation and switching to the class 2 profile is exceedingly
low. The same argument could possibly be made for an
SF3B1-mutant class 1 tumor (regardless of the presence
of risk factors for growth), even though the risk of metas-
tasis is slightly higher. The growing class 1 tumors that
are most likely to benefit from treatment are those that
have neither an EIF1AX or SF3B1 mutation, as these tu-
mors are not yet evolutionarily stabilized and may go on
to acquire a BAP1 mutation. We anticipate that gene
expression profiling and BSE mutation profiling will play
complementary roles in precision medicine for patients
with suspicious choroidal nevi. However, until these
concepts have been prospectively validated (see below),
we still favor observation for evidence of growth for most
suspicious choroidal nevi owing to the low risk of malig-
nant transformation, regardless of the presence of clinical
risk factors.

� WHY IS AGE ASSOCIATED WITH MALIGNANT TRANS-
FORMATION? To our knowledge, this is the first study to
identify age as a choroidal nevus risk factor that can be
used to assess the risk of malignant transformation in indi-
vidual patients. A previous epidemiologic study using a
public database found an association between increased pa-
tient age and the ratio of individuals in the U.S. population
with a choroidal melanoma vs those with a choroidal
nevus, but this was only a very rough approximation of ma-
lignant transformation.43What might explain the relation-
ship between age and the class 2 gene expression profile?
The class 2 profile is strongly associated with inactivating
mutations in the tumor suppressor BAP1.41 Indeed, it is
likely that loss of BAP1 is the trigger for development of
the class 2 profile by causing a loss of melanocytic differen-
tiation.41,44 These findings suggest that increased patient
age is associated with an increased risk of BAP1
mutations in suspicious choroidal nevi, as it is in overt
uveal melanomas.45 One possible explanation is that
BAP1 mutations occur more commonly with increasing
age, perhaps owing to less efficient DNA damage repair.
Although we cannot rule this out completely at the current
time, our recent analysis of a large number of primary uveal
melanomas using next-generation sequencing did not find
an aging signature associated with BAP1 mutations.42

Another possible explanation is that with increasing age,
the cellular microenvironment of the uveal tract becomes
JANUARY 2019OPHTHALMOLOGY



FIGURE 2. Box-and-whiskers plots of (Left) patient age and (Right) tumor thickness vs gene expression profile class. P value calcu-
lated using Fisher exact test.

TABLE 5. Logistic Regression Best Fit Model For Choroidal
Nevus Clinical Features and Class 2 Gene Expression Profile

Sample size

Class N (%)

Class 2 44 (21.3%)

Class 1 163 (78.7%)

Overall Model Fit

Null model �2 Log Likelihood 214.174

Full model �2 Log Likelihood 195.659

x2 18.515

Significance level P ¼ .0001

Coefficients and Standard Errors

Variable Coefficient Std. Error Wald P Value

Patient age > 60 1.03544 0.38007 7.4219 .006

Tumor thickness

> 2.25 mm

1.24331 0.47471 6.8596 .009

Constant �2.87033 0.49237 33.9839 <.0001

Odds Ratios and 95% Confidence Intervals

Variable Odds Ratio 95% CI

Patient age > 60 2.8163 1.3371–5.9321

Tumor thickness > 2.25 mm 3.4671 1.3673–8.7912
less able to limit the growth of a uveal melanocyte that de-
velops a BAP1mutation. Indeed, there is growing evidence
that aging-associated tissue changes provide a substrate for
previously latent mutant cells to overgrow.46 Likely con-
tributors to this altered milieu are the resident choroidal
macrophages, which have been shown to undergo senes-
cent changes contributing to uveal melanoma47 and age-
related macular degeneration.48 The failure of metastatic
uveal melanoma to respond to T-cell checkpoint inhibitor
immunotherapy may be attributable, at least in part, to this
altered immune microenvironment.49 Research into the
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interplay between aging immune cells and metastasis may
lead to improved strategies for immunotherapy in uveal
melanoma,50,51 as the current immunotherapeutic
approaches have been less effective in uveal melanoma
compared to cutaneous melanoma.

� LIMITATIONS AND FURTHER WORK: One limitation of
this work is that it did not include some newer diagnostic
modalities that could potentially increase the ability to
distinguish class 2 tumors noninvasively. We and others
have shown that OCT can accurately differentiate serous
retinal detachment from chronic overlying retinal cystoid
degeneration, which have different prognostic implica-
tions,30 but routine performance of OCT on all patients
was not standard care at the time of this study. Further,
the OCT technology available today is more advanced
than at the time some of the earlier patients in this study
were treated. For example, swept-source OCT angiography
can now elucidate intricate details of the choroidal circula-
tion that may have prognostic value in choroidal nevi,52

but this technique is only now becoming widely available.
Fundus autofluorescence may improve our ability to detect
orange lipofuscin pigment and to distinguish it from orange
coloration that can be attributable to RPE atrophy.53

Studies are now under way in our center and others to eval-
uate the prognostic value of these and other emerging diag-
nostic imaging methods. It is important in future studies to
use validated molecular biomarkers of malignant transfor-
mation, such as the class 2 gene expression profile, rather
than problematic surrogates for malignant transformation
such as tumor growth.
Another limitation is the lack of uniform criteria for bi-

opsy and the potential bias in patient selection, both of
which are common shortcomings of retrospective studies.
Of the 207 patients in the study, 93 (45%) were observed
for growth prior to biopsy, and all patients were biopsied
based on the presence of 1 or more risk factors. In cases
that were observed for growth prior to biopsy, documented
175ERSUS GENE EXPRESSION PROFILE



TABLE 6. Fisher Exact Test for Association Between
Choroidal Nevus Features and Class 1A Versus Class 1B

Gene Expression Profile

Variable

Class 1A

N (%)

Class 1B

N (%) P Value

Tumor thickness

> 2.25 mm

No: 35 (27.6)

Yes: 52 (41.0)

No: 13 (10.2)

Yes: 27 (21.3)

.4

Female sex No: 14 (27.0)

Yes: 20 (38.5)

No: 5 (9.61)

Yes: 13 (25.0)

.4

Absence of any chronic

RPE features

No: 54 (42.5)

Yes: 33 (26.0)

No: 22 (17.3)

Yes: 18 (14.2)

.6

Tumor margin <_ 3 mm

from disc

No: 41 (32.5)

Yes: 45 (35.7)

No: 22 (17.5)

Yes: 18 (14.3)

.6

Visual symptoms No: 36 (28.4)

Yes: 51 (40.2)

No: 18 (14.2)

Yes: 22 (17.3)

.7

Absence of drusen No: 69 (54.8)

Yes: 18 (14.3)

No: 30 (23.8)

Yes: 9 (7.1)

.8

Absence of RPE fibrosis No: 76 (60.3)

Yes: 11 (8.7)

No: 33 (26.2)

Yes: 6 (4.8)

.8

Largest basal tumor

diameter > 12 mm

No: 67 (52.8)

Yes: 20 (15.8)

No: 32 (25.2)

Yes: 8 (6.3)

.8

Presence of subretinal

fluid

No: 22 (19.0)

Yes: 57 (49.1)

No: 9 (7.8)

Yes: 28 (24.1)

.8

Age > 60 years No: 47 (37.1)

Yes: 40 (31.5)

No: 21 (16.5)

Yes: 19 (15.0)

1.0

Absence of RPE atrophy No: 67 (53.6)

Yes: 18 (14.4)

No: 31 (24.8)

Yes: 9 (7.2)

1.0

Low acoustic internal

reflectivity

No: 10 (19.6)

Yes: 23 (45.1)

No: 6 (11.8)

Yes: 12 (23.5)

1.0

Presence of orange

pigment

No: 35 (27.8)

Yes: 52 (41.3)

No: 16 (12.7)

Yes: 23 (18.3)

1.0

RPE ¼ retinal pigment epithelium.
growth was the principal reason for biopsy in most cases. In
the 55% of cases in which biopsy was performed without
waiting for growth, the constellation of clinical risk factors
was deemed to be of sufficiently high risk not to observe
first. As such, the factors determining which patients would
undergo biopsy were not standardized. However, since the
patients were managed by a small number of ocular oncol-
ogists using uniform criteria, systematic bias should be
small. Importantly, older patients were not observed for a
longer period of time on average than younger patients,
which could be a confounding factor in our finding of
increased age as a factor predictive of class 2 gene expres-
sion profile. Our findings in this study point out the critical
need for prospective randomized controlled studies to
further address the management of small suspicious
choroidal melanocytic tumors.

A potential criticism of this study is that we used the 15-
gene expression profile as a marker for malignant transfor-
mation. It has been claimed that malignant transformation
in choroidal melanoma can be assessed by tumor growth or
by histopathologic examination,9,54 but these claims have
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been disputed by Gass, Zimmerman, and others.6,7,13,14

The one unequivocal manifestation of malignant
transformation in uveal melanoma is distant metastasis,
and the 15-gene expression profile is the only biomarker
for metastasis in uveal melanoma that has been validated
in a prospective, multicenter study and is more accurate
for this purpose than clinical, histopathologic, or chromo-
somal markers.25,34 Thus, we submit that the class 2 gene
expression profile is the best available biomarker for
malignant transformation in suspicious choroidal
melanocytic tumors, as argued in another recent study
that showed similar findings.35

Nevertheless, we continue to search for increasingly
more accurate biomarkers for malignant transformation
and metastatic risk in choroidal melanocytic tumors. To
this end, we have initiated a new multicenter prospective
clinical study called the Collaborative Ocular Oncology
Group Study Number 2 (COOG2). This is a National
Cancer Institute–funded study being conducted at over
20 leading ocular oncology centers in North America,
with J. William Harbour as the Principal Investigator.
Inclusion criteria include a clinical diagnosis of uveal mel-
anoma arising in the choroid and/or ciliary body (including
small suspicious choroidal melanocytic tumors) that will be
treated with standard methods. The primary tumors un-
dergo fine needle biopsy prior to treatment, and the biopsy
sample is subjected to gene expression profiling (class 1A,
1B, or 2), PRAME expression status,55–57 and mutation
profiling for all common uveal melanoma driver
mutations.45 Patients are monitored with careful systemic
surveillance for detection of metastatic disease. The pri-
mary outcome measure is metastasis, and the secondary
outcome measure is melanoma-specific mortality. The
study goal is to identify the optimal combinatorial use of
these molecular prognostic biomarkers, all of which are
obtained from a single fine needle biopsy, for precision
medicine in these patients.
SUMMARY

THERE ARE SEVERAL PRACTICAL APPLICATIONS OF THESE

findings. First, our findings indicate that no clinical feature
or combination of features is pathognomonic for malignant
transformation, defined as class 2 gene expression profile, in
small suspicious choroidal melanocytic tumors. Thus,
caution is urged in making treatment decisions based on
these features in the absence of documented growth.
Nevertheless, these features (especially tumor thickness,
subretinal fluid, and orange pigment) are valuable for
gauging the frequency of visits to monitor for growth. Sec-
ond, the only commonly used choroidal nevus risk factor
that was associated with malignant transformation was tu-
mor thickness, emphasizing the importance of careful
thickness measurements by an experienced echographer.
JANUARY 2019OPHTHALMOLOGY



FIGURE 3. Schematic diagram depicting current understanding of how choroidal melanoma progresses. First, choroidal melanocytes
acquire a Gaq mutation that leads to development of an early choroidal melanocytic neoplasm.58,59 The vast majority of such nevi are
arrested by tumor suppressor and/or immune surveillance mechanisms and driven into a dormant state. Some lesions progress past this
checkpoint to the ‘‘BSE node,’’ in which they acquire mutations in either BAP1 (BRCA1 Associated Protein 1), SF3B1 (Splicing
Factor 3B Subunit 1), or EIF1AX (Eukaryotic Translation Initiation Factor 1A, X-Linked), in a mutually exclusive manner.
Tumors that acquire an SF3B1 or EIF1AX mutation retain the class 1 profile (class 1A or class 1B, respectively), whereas those
that undergo BAP1 inactivation acquire a class 2 profile. Gaq mutations include mutual exclusive hemizygous activating point
mutations in GNAQ (G protein subunit alpha Q), GNA11 (G Protein Subunit Alpha 11), PLCB4 (Phospholipase C Beta 4), and
CYSLTR2 (Cysteinyl Leukotriene Receptor 2).
Since there is some inter- and intra-observer variability in
ultrasound thickness measurements, it may be prudent to
recheck tumors with borderline significant thickness
(2.0–2.5 mm) prior to making a treatment decision. Third,
although the risk of a small tumor having the class 2 profile
increased with age, it is important to monitor younger pa-
tients periodically for tumor growth. Finally, our results
VOL. 197 CHOROIDAL NEVUS RISK FACTORS V
suggest that the vast majority of small suspicious choroidal
melanocytic tumors can be observed safely without treat-
ment, as long as growth is not documented. Future im-
provements in noninvasive imaging may improve the
ability to detect small choroidal melanocytic tumors that
have undergone malignant transformation without prog-
nostic biopsy.
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