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Purpose: This study evaluates the prognostic performance of a 15 gene expression profiling (GEP) assay
that assigns primary posterior uveal melanomas to prognostic subgroups: class 1 (low metastatic risk) and class
2 (high metastatic risk).

Design: Prospective, multicenter study.
Participants: A total of 459 patients with posterior uveal melanoma were enrolled from 12 independent centers.
Testing: Tumors were classified by GEP as class 1 or class 2. The first 260 samples were also analyzed for

chromosome 3 status using a single nucleotide polymorphism assay. Net reclassification improvement analysis
was performed to compare the prognostic accuracy of GEP with the 7th edition clinical Tumor-Node-Metastasis
(TNM) classification and chromosome 3 status.

Main Outcome Measures: Patients were managed for their primary tumor and monitored for metastasis.
Results: The GEP assay successfully classified 446 of 459 cases (97.2%). The GEP was class 1 in 276 cases

(61.9%) and class 2 in 170 cases (38.1%). Median follow-up was 17.4 months (mean, 18.0 months). Metastasis
was detected in 3 class 1 cases (1.1%) and 44 class 2 cases (25.9%) (log-rank test, P�10�14). Although there
was an association between GEP class 2 and monosomy 3 (Fisher exact test, P�0.0001), 54 of 260 tumors
(20.8%) were discordant for GEP and chromosome 3 status, among which GEP demonstrated superior prog-
nostic accuracy (log-rank test, P � 0.0001). By using multivariate Cox modeling, GEP class had a stronger
independent association with metastasis than any other prognostic factor (P�0.0001). Chromosome 3 status did
not contribute additional prognostic information that was independent of GEP (P � 0.2). At 3 years follow-up, the
net reclassification improvement of GEP over TNM classification was 0.43 (P � 0.001) and 0.38 (P � 0.004) over
chromosome 3 status.

Conclusions: The GEP assay had a high technical success rate and was the most accurate prognostic
marker among all of the factors analyzed. The GEP provided a highly significant improvement in prognostic
accuracy over clinical TNM classification and chromosome 3 status. Chromosome 3 status did not provide
prognostic information that was independent of GEP.
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Uveal melanoma is the most common primary cancer of the
eye and has a propensity for fatal hematogenous metastasis.1

Advances in treatment of the primary tumor have allowed
greater preservation of eyes and vision, but they have not led to
measurable improvements in patient survival.2 This observa-
tion has been attributed to presumed early subclinical micro-
metastasis coupled with a prolonged latency before develop-
ment of overt metastatic disease.3 Because there are no
therapies that have been proven to be effective against ad-
vanced metastatic uveal melanoma,4 there has been increasing

interest in developing adjuvant therapy for high-risk patients m

© 2012 by the American Academy of Ophthalmology
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ho are likely to harbor subclinical micrometastases. An ac-
urate method for identifying these patients is needed as an
ntry criterion for such clinical trials.

Gene expression profiling (GEP) has revealed that pri-
ary uveal melanomas cluster into 2 highly prognostic
olecular subgroups: class 1 (low metastatic risk) and class
(high metastatic risk).5 Harbour et al6 recently showed

hat the class 2 GEP correlates with mutations in the BAP1
umor suppressor gene. BAP1 is located on chromosome 3,
hich is commonly lost in uveal melanoma.7–9 In most

etastasizing class 2 tumors, one copy of BAP1 is mutated
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and the other is absent through loss of the entire chromo-
some, consistent with the “2 hit” model for mutation of
tumor suppressor genes. As expected, there is a strong
relationship between monosomy 3 and the class 2 GEP.10,11

However, multiple independent groups have consistently
shown that GEP classification is a more accurate prognostic
marker in uveal melanoma compared with monosomy 3 and
other cytogenetic, clinical, and pathologic factors.10,12–14

Further, GEP classification is the only prognostic method in
uveal melanoma to be validated on multiple independent
datasets in a manner that was masked to patient out-
come.15,16 Consequently, we developed a GEP assay for
routine clinical use based on the expression of 15 carefully
selected genes.16 This assay includes a preamplification step
and is performed on a microfluidics polymerase chain reac-
tion (PCR) platform that together allow it to detect ex-
tremely small quantities of tumor RNA from fine-needle
aspiration biopsy (FNAB) samples, whereas it can also be
used to analyze surgically resected specimens.16

We formed a Collaborative Ocular Oncology Group,
comprising 12 ocular oncology centers in North America, to
evaluate prospectively the GEP assay in a large cohort of
patients with uveal melanoma. The GEP assay was per-
formed on a sample collected directly from the primary
tumor, usually at the time of treatment, and patients were
subsequently followed for detection of metastatic disease.
This study reports our initial results for patients with pos-
terior (choroidal and ciliary body) uveal melanoma, which
represents the most common form of uveal melanoma.

Materials and Methods

Patient Data and Tumor Samples
This study was conducted with the approval of the institutional
review board or ethics committee of each participating institu-
tion. Informed consent was obtained from each patient, and the
study adhered to the tenets of the Declaration of Helsinki. All
work using patient information was performed in compliance
with the Health Insurance Portability and Accountability Act.
Inclusion criteria for the study patients were (1) clinical diag-
nosis of uveal melanoma and (2) investigational informed con-
sent. Clinical diagnosis of uveal melanoma was determined by
the presence of clinical features typical of uveal melanoma,
such as thickness �2.5 mm, orange lipofuscin pigmentation,
serous retinal detachment, collar button configuration, or mush-
room shape and growth. Nineteen tumors with thickness �2.5
mm were included on the basis of documented growth or �2
high-risk features listed above. Exclusion criteria were (1)
tumor location limited to the iris and (2) non-melanoma cyto-
pathologic diagnosis. A total of 459 cases was obtained
prospectively between June 2006 and November 2010. De-
identified patient information was collected from each center,
including patient age, gender, tumor thickness (measured by
ultrasound), tumor diameter (defined as the largest basal tumor
dimension measured by indirect ophthalmoscopy or ultra-
sound), ciliary body involvement (defined as any portion of the
tumor extending anterior to the ora serrata), date tumor sample
was obtained, cytopathologic cell type (predominantly spindle,
mixed, epithelioid, unspecified melanoma cell type, acellular/
quantity not sufficient for diagnosis, or information not avail-

able), last known patient survival status (alive with no metas-

S

2

asis, alive with metastasis, dead of metastatic disease, or dead
f other causes), presence or absence of metastatic disease, date
etastatic disease was first detected, and date of death or most

ecent follow-up. The 7th edition Tumor-Node-Metastasis
TNM) clinical classification for uveal melanoma was per-
ormed using basal tumor diameter, thickness, and ciliary body
nvolvement as previously described.17 After treatment of the
rimary tumor, patients were monitored for metastasis with a
iver function panel every 6 months and liver imaging (usually
omputed tomography with contrast) once per year or anytime
he liver function panel was abnormal or there were symptoms
uspicious for metastasis (e.g., right upper quadrant fullness or
iscomfort, unexplained weight loss). Suspicious findings on
maging were followed up with biopsy confirmation when pos-
ible. Patients were coded as having metastasis only if (1)
iopsy confirmation was obtained or (2) imaging studies were
ighly consistent with uveal melanoma metastasis in the ab-
ence of other known primary cancer.

reparation of RNA Samples

he FNAB samples for RNA analysis were expelled into an
mpty RNase-free tube in the operating room. The empty sy-
inge was filled with 200 �L of extraction buffer from the
icoPure RNA isolation kit (Molecular Devices, Sunnyvale,
A), which was flushed through the syringe to collect any
dditional tumor cells lodged in the needle hub. The tube was
hen snap-frozen in liquid nitrogen or a dry ice-alcohol bath in
he operating room before transportation. For specimens requir-
ng transport to the Harbour Laboratory at Washington Univer-
ity from other centers, tubes were placed on dry ice and mailed
y overnight courier. On arrival in the laboratory, the samples
ere logged and stored in a freezer at �80°C until they could
e processed. RNA was isolated using the PicoPure kit (includ-
ng the optional DNase step), which yielded �10 ng to 1.5 �g
otal RNA per aspirate using the NanoDrop 1000 system (Nano-
rop Products, Wilmington, DE). Genomic DNA was prepared
sing the Wizard Genomic DNA Purification kit (Promega,
adison, WI). RNA quality was assessed by comparing the

otal RNA yield with the expression of the 3 endogenous
ontrol genes, as previously described.16

Table 1. Summary of Uveal Melanoma Gene Expression Profile

Gene
ymbol

Direction of
Change in Class 2

Tumors Gene Name

DH1 Up E-cadherin
CM1 Up Extracellular matrix protein 1
IF1B Down Eukaryotic translation initiation

factor 1B
XR1 Down Fragile X mental retardation,

autosomal homolog 1
TR2B Up 5-hydroxytryptamine (serotonin)

receptor 2B
D2 Down Inhibitor of DNA binding 2
MCD1 Down LIM and cysteine-rich domains 1
TA4H Down Leukotriene A4 hydrolase
TUS1 Down Microtubule-associated tumor

suppressor 1
AB31 Up RAB31, member RAS oncogene

family
OBO1 Down Roundabout, axon guidance

receptor, 1

ATB1 Down SATB homeobox 1
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Real-Time Polymerase Chain Reaction Analysis
RNA samples were converted to cDNA using the High Capacity
cDNA Reverse Transcription Kit from Applied Biosystems (Ap-
plied Biosystems Inc, Foster City, CA) following the manufactur-
er’s protocol. Then, the cDNA was preamplified for 14 cycles with
pooled TaqMan (Applied Biosystems Inc) primers and Pre-Amp
Master Mix, diluted 20-fold into sterile Tris-EDTA buffer, and
stored at �20°C. RNA expression for each of the 15 genes was
quantified using the 7900HT Real-Time PCR System with
TaqMan primers and Gene Expression Master Mix following
the manufacturer’s protocol (Applied Biosystems Inc). TaqMan Mi-
crofluidics Expression Arrays were custom ordered to include our
12 class discriminating genes and 3 endogenous control genes in
triplicate. The number of PCR cycles required for each gene to
reach the expression threshold (Ct) was calculated using the man-
ufacturer’s software, and mean Ct values were calculated for all
triplicate sets. �Ct values were calculated by subtracting the mean
Ct of each discriminating gene from the geometric mean of the
mean Ct values of the 3 endogenous control genes.

Gene Expression Profiling and Other Molecular
Analyses
The 15-gene classification assay was performed at the Washington
University site using GIST 2.3 Support Vector Machine (http://
chibi.ubc.ca/gist: accessed 10/17/2011) for class assignment, as
described in detail in a previous study.16 The assay includes 12
discriminating genes (Table 1) and 3 control genes (MRPS21,
RBM23, and SAP130). A gene was considered undetectable if its
amplification product registered no Ct value after 40 cycles of
quantitative PCR. A sample was considered a technical failure if 1
or more endogenous control genes or at least 3 discriminating
genes were undetectable. Chromosome 3 was analyzed for loss of
heterozygosity using a validated assay that interrogates single
nucleotide polymorphisms (SNPs) distributed across the chromo-
some, as previously described.18

Statistical Analysis
Cox proportional-hazards regression analysis, Kaplan–Meier sur-
vival analysis, and receiver operating characteristic (ROC) curve
analysis were performed using MedCalc version 11.5.1.0. The
optimal cutoff values for continuous variables for use in Kaplan–
Meier analyses were determined using ROC analysis. For Cox
proportional hazards modeling, the proportionality of all hazards
tested were confirmed over the whole time period using the log
(-log[survival]) versus log of survival time method. The net re-
classification improvement (NRI) of GEP over TNM classification
and chromosome 3 status were calculated by setting cutoffs for
disease-free survival at 2 and 3 years, and then using ROC analysis
to determine the sensitivity and specificity of each classification
method. The NRI was equivalent to twice the difference in areas
under the ROC curves for each method,19 using a binary TNM
classification based on the ROC-assigned threshold of stage �T3a.

Results

Baseline Information
The study design is outlined in Figure 1. The GEP prognostic assay
was performed on 459 posterior uveal melanomas obtained prospec-
tively from 12 participating institutions. A total of 224 patients were
female, and 235 patients were male. The mean age was 61.7 years

(median, 61.0 years). The mean tumor diameter was 12.8 mm (me- t
ian, 12.7 mm), and mean tumor thickness was 6.3 mm (median, 5.5
m). Ciliary body involvement was absent in 308 cases, present in

39 cases, and unknown in 12 cases. Tumor samples were obtained
y FNAB in 359 cases, post-enucleation FNAB in 92 cases, and local
umor resection in 8 cases. The cytopathologic diagnosis was spindle-
ell melanoma in 143 cases, mixed-cell melanoma in 95 cases, epi-
helioid cell melanoma in 87 cases, unspecified melanoma cell type in
1 cases, acellular/quantity not sufficient for diagnosis in 60 cases,
nd sample not obtained for cytopathology in 33 cases. The status of
hromosome 3 was assessed by a multi-SNP assay in the first 260
ases. A total of 34 deaths occurred, 28 (82.4%) of which were due to
etastatic disease. Another 19 patients had developed metastases but
ere still alive at the time of last follow-up.

nitial Performance of the Gene Expression
rofiling Assay

he GEP assay was successful in rendering a classification in 446 of
59 cases (97.2%). Among the 13 samples that failed to yield a GEP
esult, 5 did not adhere to study protocol (improper buffer, handling,
r shipping). Of the 446 cases, 276 (61.9%) were class 1 and 170
38.1%) were class 2. Median follow-up was 17.4 months (mean, 18.0
onths). Metastasis was detected in 3 patients (1.1%) with class 1

umors and 44 patients (25.9%) with class 2 tumors (log rank,
�0.0001). Fifteen samples were obtained from active tumors arising

rom uveal melanomas that were previously treated with plaque
adiotherapy (7 cases), proton beam radiotherapy (4 cases), and laser

igure 1. Schematic of study design. COOG � Collaborative Ocular
ncology Group; GEP � gene expression profiling.
reatment (4 cases); 9 of these were class 1, and 6 were class 2.

3

http://chibi.ubc.ca/gist:
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Comparison of Gene Expression Profiling with
Clinical and Histopathologic Prognostic Factors

Gene expression profiling class 2 showed a significant association
with other known prognostic factors, including increased patient
age, greater tumor diameter and thickness, ciliary body involve-
ment, and mixed/epithelioid cell type (Table 2). By Kaplan–Meier
analysis, GEP class 2 was more strongly associated with metastasis
than any of the other prognostic factors that were analyzed, in-
cluding chromosome 3 status (Fig 2). By univariate Cox propor-
tional hazards analysis (Table 3), factors associated with metasta-
sis included advanced patient age (P � 0.02), ciliary body
involvement (P � 0.03), tumor diameter (P � 0.0003), tumor
thickness (P � 0.006), tumor cell type (P � 0.04), chromosome 3
status (P � 0.0002), and GEP class (P�10�7). This analysis was
performed on all cases with values reported for a given factor, and
there was no significant impact on the results when the analysis
was restricted to those cases with complete data for all factors. By
multivariate Cox modeling, GEP class (P � 0.006) was the only
variable that contributed independent prognostic information. A
significant association was observed between TNM classification
and metastasis (P � 0.003) (Table 4). Chromosome 3 status did
not contribute additional prognostic information that was indepen-
dent of GEP (P � 0.2). The NRI of GEP over TNM classification
was 0.37 at 2 years (P � 0.008) and 0.43 at 3 years (P � 0.001),
and the NRI of GEP over chromosome 3 status was 0.36 at 2 years
(P � 0.006) and 0.38 at 3 years (P � 0.004) (Table 5).

Comparison of Gene Expression Profiling
with Chromosome 3 Status

Because monosomy 3 has been widely used as a prognostic marker
for uveal melanoma, we wanted to study more closely the rela-
tionship between GEP and chromosome 3 status. Chromosome 3
status was collected from the first 260 cases, of which the GEP/
chromosome 3 status was class 1/disomy 3 in 119 (45.8%), class
2/monosomy 3 in 87 (33.5%), class 1/monosomy 3 in 38 (14.6%),
and class 2/disomy 3 in 16 (6.2%) (Fig 3A). As expected, there
was a significant association between class 1 and disomy 3, and
between class 2 and monosomy 3 (chi-square, P�0.0001). How-
ever, the GEP and chromosome 3 results were discordant in 54
cases (20.8%). Among 16 cases that were class 2/disomy 3, 7

Table 2. Comparison of Uvea

Variable Class 1

Age (yrs) Mean, 59.6
Median, 59.0
Min–max, 13.2

Gender Female, 130
Male, 146

Tumor diameter (mm) Mean, 12.1
Median, 12.0
Min–max, 4.0–

Tumor thickness (mm) Mean, 5.7
Median, 5.0
Min–max, 1.0–

Ciliary body involvement Yes, 61 (22.7%
No, 208 (77.3%

Mixed or epithelioid cytology Yes, 86 (45.5%
No, 103 (54.5%

Metastasis Yes, 3 (1.1%)

No, 273 (98.9%)

4

43.8%) metastasized, whereas among 38 cases that were class
/monosomy 3, only 1 metastasized (2.6%). Thus, GEP was more
trongly associated with metastasis than chromosome 3 status
mong the discordant cases (log-rank test, P � 0.0001) (Fig 3B).
s a result of the inferior prognostic value of chromosome 3 status,
e discontinued chromosome 3 testing after the first 260 cases.

iscussion

n this prospective multicenter collaborative study, the
rognostic accuracy of a 15-gene prognostic assay for
veal melanoma was assessed. A strong association was
bserved between GEP class 2 and other adverse prog-
ostic factors, including increased patient age, ciliary
ody involvement, larger tumor diameter and thickness,
pithelioid cell type, and monosomy 3. However, GEP
lass was more strongly associated with metastasis than
hese other factors. In multivariate analysis, no combina-
ion of other prognostic variables (including chromosome

status) was more closely associated with metastasis
han GEP alone. Only 6 of 34 deaths were not due to
etastasis, such that nonmetastatic deaths did not repre-

ent a significant competing risk in this data set (data not
hown). Fifteen cases were local recurrences that arose
fter prior treatment, and 9 (60%) of these were GEP
lass 1. This suggests that recurrent tumors are no more
ikely to be one class or the other, although more cases
re needed to establish statistical significance.

omparison of Gene Expression Profiling and
hromosome 3 Status

n important goal of this study was to compare the
rognostic value of GEP and chromosome 3 status, which
as been widely used as a prognostic marker in uveal
elanoma. Although there was a strong association be-

ween monosomy 3 and GEP class 2, the prognostic
ccuracy of GEP was superior to monosomy 3. Indeed,

lanoma Molecular Classes

Class 2 P Value

Mean, 65.3 0.0001
Median, 65.9
Min–max, 17.2–91.5
Female, 89 0.2
Male, 81
Mean, 13.9 �0.0001
Median, 14.0
Min–max, 1.3–23.0
Mean, 7.0 �0.0001
Median, 6.2
Min–max, 1.5–17.5
Yes, 72 (43.6%) �0.0001
No, 93 (56.4%)
Yes, 89 (70.6 %) �0.0001
No, 37 (29.4%)
Yes, 44 (25.9%) �0.0001
l Me

–98.4

24.0

17.5
)
)

)
)

No, 126 (74.1%)
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by multivariate Cox modeling, chromosome 3 status did
not provide prognostic information that was independent
of GEP. The technique used for chromosome 3 testing
was state of the art for methods applicable to clinical
FNAB samples, consisting of a validated assay in which
SNPs across the chromosome were assessed for loss of
heterozygosity.18 This technique has been shown to be
more accurate than other commonly used methods, such
as fluorescence in situ hybridization and array-based
comparative genomic hybridization.18 Other cytogenetic
techniques have been extremely valuable for research
purposes but are not suitable for routine clinical use on

Figure 2. Comparison of gene expression profiling (GEP) classification w
factors. P values were determined by log-rank method. Age indicates
dichotomizing continuous variables (tumor thickness and diameter) were
FNAB samples, such as the use of fluorescence in situ s
ybridization to analyze isolated tumor nuclei from eyes
hat have been removed.20

This study confirms that GEP is a more accurate prog-
ostic marker than monosomy 3 for routine clinical use in
atients with uveal melanoma, consistent with previous
maller studies from multiple independent institutions.10,12,13

ikewise, we previously showed that the inclusion of other
ommonly used cytogenetic features, such as gain of 6p and
q, did not improve the accuracy of GEP alone.21 A likely
eason for the superiority of GEP over cytogenetic methods is
hat the latter are static markers that are often distributed
eterogeneously throughout the tumor and are thus prone to

ther prognostic factors. Kaplan–Meier plots for the indicated prognostic
t’s age at the time of primary tumor diagnosis. Threshold values for

mined by ROC analysis.
ith o
patien
ampling error.20,22 In contrast, GEP captures a functional

5
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“snapshot” of the tumor’s microenvironment that does not vary
as much across most tumors and is thus amenable to a single
pass of a fine needle in most cases.16 Thus, although cytoge-
netic studies are indispensible for research purposes, they have
not performed as well as GEP for routine clinical testing.

Technical Performance of the Gene Expression
Profiling Assay on Fine-Needle Aspiration Biopsy
Samples

The combination of preamplification and microfluidics in
the GEP assay platform has allowed a higher success rate on
small FNAB samples compared with cytogenetic testing.
The GEP assay produced interpretable results in more than
97% of FNAB cases, whereas the failure rate for cytoge-
netic testing methods has been reported to be as high as
50%23 because of the greater tissue requirements and lower
sensitivity of these methods. Consequently, 1 pass of a 25-
or 27-gauge needle almost always provides an adequate
sample for the GEP assay, in contrast with the more aggressive
methods reported for cytogenetic testing, such as the use of a
vitreous cutter24 or a high number (up to 12) of needle
passes.25 For most cases, a single needle sampling for GEP
near the geometric center of the tumor is sufficient. Multiple

Table 3. Cox Proportional Haz

Variable

Univariate

P Value HR

Increased patient age 0.02 2.2
Ciliary body involvement 0.03 1.9
Increased tumor diameter 0.0003 3.2
Increased tumor thickness 0.006 2.5
Mixed/epithelioid cell type 0.04 2.3
Loss of chromosome 3 0.0002 4.3
GEP class 2 �10�7 26.4

CI � confidence interval; GEP � gene expression profile; HR � hazard

Table 4. Tumor/Node/Metastasis Staging of the Uveal Melanomas
Included in the Study Based on the Guidelines Established by the

American Joint Committee on Cancer, 7th Ed

No. of
Cases

Cases that
Metastasized

Class 2
Cases

T1
a 77 1 (1.3%) 15 (19%)
b 4 1 (25%) 2 (50%)

T2
a 138 14 (10%) 42 (30%)
b 32 3 (9.4%) 14 (44%)

T3
a 71 5 (7.0%) 28 (39%)
b 69 11 (16%) 36 (52%)

T4
a 12 4 (33%) 6 (50%)
b 22 4 (18%) 18 (82%)

a � no ciliary body involvement; b � ciliary body involvement; T �

tumor size. e

6

amples are only taken when there are morphologically distinct
umor components, such as multilobulated tumors and those
ith extraocular extension, in which case we recommend

ampling each area separately. This assay has also been opti-
ized for use on formalin-fixed paraffin-embedded specimens,
hich will be the subject of another publication.

linical Applications of Gene Expression Profiling
esting

he GEP assay represents a prospectively validated tool that
an be used for routine clinical prognostic testing and for
tratifying patients for entry into clinical trials of adjuvant
herapy. Approximately half of patients with a class 2 tumor
ill develop detectable metastasis by 3 years after primary

umor diagnosis. Enrolling patients with class 2 tumors into
linical trials at the time of primary tumor diagnosis offers
he potential to reduce the number of patients required, and
he length of time needed to detect a difference in outcomes
an be greatly reduced relative to other available prognostic
arkers. The identification of BAP1 mutations associated
ith class 2 tumors6 may soon lead to new targeted thera-
eutic agents for such clinical trials.

Analysis of Prognostic Factors

Multivariate

CI P Value HR CI

1.2–4.0 0.2 1.9 0.7–5.0
1.1–3.4 0.9 1.1 0.4–3.3
1.7–5.9 0.2 2.0 0.7–5.6
1.3–4.8 0.6 0.8 0.3–2.3
1.0–5.1 0.6 1.3 0.5–3.3
2.0–9.3 0.2 2.8 0.6–13.7
8.2–84.6 0.006 20.5 2.4–175.6

Table 5. Net Reclassification Improvement of Gene Expression
Profile versus Other Prognostic Tools

All Cases At 2 Yrs At 3 Yrs

NM Staging
Sample size 425 146 70
Positive for metastasis 43 (10%) 32 (22%) 42 (60%)
NRI 0.42 0.37 0.43
Standard error 0.044 0.055 0.066
Significance level P�0.0001 P � 0.008 P � 0.001
onosomy 3
Sample size 260 121 60
Positive for metastasis 38 (15%) 27 (22%) 37 (62%)
NRI 0.28 0.36 0.38
Standard error 0.038 0.052 0.065
Significance level P � 0.002 P � 0.006 P � 0.004

RI � net reclassification improvement; TNM � Tumor/Node/Metasta-
is: the tumor classification guidelines for uveal melanoma established by
he American Joint Committee on Cancer. Two- and 3-year subanalyses
epresent data known at those time points after primary treatment in
ards
valuable cases.



1

1

1

1

1

1

1

1

1

1

d.

Onken et al � Multi-Gene Prognostic Assay in Uveal Melanoma
Acknowledgments. The authors thank Dr. Steve Kymes for
statistical consultation.

References

1. Ramaiya KJ, Harbour JW. Current management of uveal
melanoma. Expert Rev Ophthalmol 2007;2:939–46.

2. Singh AD, Turell ME, Topham AK. Uveal melanoma: trends
in incidence, treatment, and survival. Ophthalmology 2011;
118:1881–5.

3. Eskelin S, Pyrhonen S, Summanen P, et al. Tumor doubling
times in metastatic malignant melanoma of the uvea: tumor
progression before and after treatment. Ophthalmology 2000;
107:1443–9.

4. Augsburger JJ, Correa ZM, Shaikh AH. Effectiveness of treat-
ments for metastatic uveal melanoma. Am J Ophthalmol 2009;
148:119–27.

5. Onken MD, Worley LA, Ehlers JP, Harbour JW. Gene expres-
sion profiling in uveal melanoma reveals two molecular classes
and predicts metastatic death. Cancer Res 2004;64:7205–9.

6. Harbour JW, Onken MD, Roberson ED, et al. Frequent mu-
tation of BAP1 in metastasizing uveal melanomas. Science
2010;330:1410–3.

7. Horsman DE, Sroka H, Rootman J, White VA. Monosomy 3
and isochromosome 8q in a uveal melanoma. Cancer Genet
Cytogenet 1990;45:249–53.

8. Prescher G, Bornfeld N, Becher R. Nonrandom chromosomal
abnormalities in primary uveal melanoma. J Natl Cancer Inst
1990;82:1765–9.

9. Sisley K, Rennie IG, Cottam DW, et al. Cytogenetic find-
ings in six posterior uveal melanomas: involvement of
chromosomes 3, 6, and 8. Genes Chromosomes Cancer

Figure 3. Comparison of gene expression profiling (GEP) classification wi
and chromosome 3 status in 293 patients. B, Kaplan–Meier plot showing
and chromosome 3 status were discordant (class 1/monosomy 3 or class 2/
shown for comparison in gray. P value was determined by log-rank metho
1990;2:205–9.
0. Worley LA, Onken MD, Person E, et al. Transcriptomic
versus chromosomal prognostic markers and clinical outcome
in uveal melanoma. Clin Cancer Res 2007;13:1466–71.

1. Tschentscher F, Husing J, Holter T, et al. Tumor classification
based on gene expression profiling shows that uveal melano-
mas with and without monosomy 3 represent two distinct
entities. Cancer Res 2003;63:2578–84.

2. van Gils W, Lodder EM, Mensink HW, et al. Gene expression
profiling in uveal melanoma: two regions on 3p related to
prognosis. Invest Ophthalmol Vis Sci 2008;49:4254–62.

3. Petrausch U, Martus P, Tonnies H, et al. Significance of gene
expression analysis in uveal melanoma in comparison to stan-
dard risk factors for risk assessment of subsequent metastases.
Eye (Lond) 2007;22:997–1007.

4. Singh AD, Sisley K, Xu Y, et al. Reduced expression of
autotaxin predicts survival in uveal melanoma. Br J Ophthal-
mol 2007;91:1385–92.

5. Onken MD, Worley LA, Davila RM, et al. Prognostic testing
in uveal melanoma by transcriptomic profiling of fine needle
biopsy specimens. J Mol Diagn 2006;8:567–73.

6. Onken MD, Worley LA, Tuscan MD, Harbour JW. An accurate,
clinically feasible multi-gene expression assay for predicting
metastasis in uveal melanoma. J Mol Diagn 2010;12:461–8.

7. Finger PT, 7th Edition AJCC-UICC Ophthalmic Oncology
Task Force. The 7th edition AJCC staging system for eye
cancer: an international language for ophthalmic oncology.
Arch Pathol Lab Med 2009;133:1197–8.

8. Onken MD, Worley LA, Person E, et al. Loss of heterozygos-
ity of chromosome 3 detected with single nucleotide polymor-
phisms is superior to monosomy 3 for predicting metastasis in
uveal melanoma. Clin Cancer Res 2007;13:2923–7.

9. Pencina MJ, D’Agostino RB, Steyerberg EW. Extensions of
net reclassification improvement calculations to measure use-

romosome 3 status. A, Pie chart showing relationship between GEP class
tasis-free survival after primary tumor diagnosis in cases where GEP class
y 3). Cases in which GEP and chromosome 3 status were concordant are
th ch
metas
disom
fulness of new biomarkers. Stat Med 2011;30:11–21.

7



2

2

2

Ophthalmology Volume xx, Number x, Month 2012
20. Maat W, Jordanova ES, van Zelderen-Bhola SL, et al. The
heterogeneous distribution of monosomy 3 in uveal melanomas:
implications for prognostication based on fine-needle aspiration
biopsies. Arch Pathol Lab Med 2007;131:91–6.

21. Onken MD, Worley LA, Harbour JW. A metastasis modifier
locus on human chromosome 8p in uveal melanoma identified by
integrative genomic analysis. Clin Cancer Res 2008;14:3737–45.

22. Dopierala J, Damato BE, Lake SL, et al. Genetic heterogeneity in
uveal melanoma assessed by multiplex ligation-dependent probe

amplification. Invest Ophthalmol Vis Sci 2010;51:4898–905.

Footnotes and Financial Disclosures

11 Duke University, Durham, North Carolina.

1

1

F
T
W
t
n

T
I
F
P
D
f
I

C
J
M

8

3. Young TA, Rao NP, Glasgow BJ, et al. Fluorescent in situ
hybridization for monosomy 3 via 30-gauge fine-needle aspi-
ration biopsy of choroidal melanoma in vivo. Ophthalmology
2007;114:142–6.

4. Damato B, Dopierala JA, Coupland SE. Genotypic profiling of
452 choroidal melanomas with multiplex ligation-dependent
probe amplification. Clin Cancer Res 2010;16:6083–92.

5. Young TA, Burgess BL, Rao NP, et al. Transscleral fine-
needle aspiration biopsy of macular choroidal melanoma.

Am J Ophthalmol 2008;145:297–302.
Originally received: September 12, 2011.
Final revision: February 9, 2012.
Accepted: February 9, 2012.
Available online: ●●●. Manuscript no. 2011-1353.
1 Washington University and Siteman Cancer Center, St. Louis, Missouri.
2 Tumori Foundation, San Francisco, California.
3 University of Cincinnati College of Medicine, Cincinnati, Ohio.
4 Michigan State University, East Lansing, Michigan.
5 University of Wisconsin, Madison, Wisconsin.
6 Case Western Reserve University, Cleveland, Ohio.
7 The New York Eye Cancer Center, New York, New York.
8 University of Toronto, Toronto, Canada.
9 Colorado Retina Associates, Denver, Colorado.
10 New York Eye and Ear Infirmary, New York, New York.
2 Oregon Health & Science University, Portland, Oregon.
3 Medical College of Wisconsin, Milwaukee, Wisconsin.

inancial Disclosure(s):
he author(s) have made the following disclosure(s): Dr. Harbour and
ashington University may receive royalties based on a license of related

echnology by the University to Castle Biosciences, Inc. This research was
ot funded by Castle Biosciences, Inc.

his work was supported by grants (to J.W.H.) from the National Cancer
nstitute (R01 CA125970), Barnes-Jewish Hospital Foundation, Kling Family
oundation, Tumori Foundation, Horncrest Foundation, and a Research to
revent Blindness David F. Weeks Professorship, and by awards to the
epartment of Ophthalmology and Visual Sciences at Washington University

rom a Research to Prevent Blindness Inc unrestricted grant, and the National
nstitutes of Health Vision Core Grant P30 EY02687c.

orrespondence:
. William Harbour, MD, 660 South Euclid Avenue, Box 8096, St. Louis,

O 63110. E-mail: harbour@vision.wustl.edu.

mailto:harbour@vision.wustl.edu

	Collaborative Ocular Oncology Group Report Number 1: Prospective Validation of a Multi-Gene Prog ...
	Materials and Methods
	Patient Data and Tumor Samples
	Preparation of RNA Samples
	Real-Time Polymerase Chain Reaction Analysis
	Gene Expression Profiling and Other Molecular Analyses
	Statistical Analysis

	Results
	Baseline Information
	Initial Performance of the Gene Expression Profiling Assay
	Comparison of Gene Expression Profiling with Clinical and Histopathologic Prognostic Factors

	Comparison of Gene Expression Profiling with Chromosome 3 Status
	Discussion
	Comparison of Gene Expression Profiling and Chromosome 3 Status
	Technical Performance of the Gene Expression Profiling Assay on Fine-Needle Aspiration Biopsy Sa ...
	Clinical Applications of Gene Expression Profiling Testing

	References


