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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 prognostic 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 observation has been attributed to presumed early subclinical micrometastasis coupled with a prolonged latency before development of overt metastatic disease.3 Because there are no
therapies that have been proven to be effective against advanced metastatic uveal melanoma,4 there has been increasing
interest in developing adjuvant therapy for high-risk patients
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who are likely to harbor subclinical micrometastases. An accurate method for identifying these patients is needed as an
entry criterion for such clinical trials.
Gene expression profiling (GEP) has revealed that primary uveal melanomas cluster into 2 highly prognostic
molecular subgroups: class 1 (low metastatic risk) and class
2 (high metastatic risk).5 Harbour et al6 recently showed
that the class 2 GEP correlates with mutations in the BAP1
tumor suppressor gene. BAP1 is located on chromosome 3,
which is commonly lost in uveal melanoma.7–9 In most
metastasizing class 2 tumors, one copy of BAP1 is mutated
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and the other is absent through loss of the entire chromosome, 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 outcome.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 reaction (PCR) platform that together allow it to detect extremely 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 performed 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 posterior (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 institution. 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 diagnosis of uveal melanoma and (2) investigational informed consent. Clinical diagnosis of uveal melanoma was determined by
the presence of clinical features typical of uveal melanoma,
such as thickness ⱖ2.5 mm, orange lipofuscin pigmentation,
serous retinal detachment, collar button configuration, or mushroom shape and growth. Nineteen tumors with thickness ⬍2.5
mm were included on the basis of documented growth or ⱖ2
high-risk features listed above. Exclusion criteria were (1)
tumor location limited to the iris and (2) non-melanoma cytopathologic diagnosis. A total of 459 cases was obtained
prospectively between June 2006 and November 2010. Deidentified 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 ultrasound), 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 available), last known patient survival status (alive with no metas-
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tasis, alive with metastasis, dead of metastatic disease, or dead
of other causes), presence or absence of metastatic disease, date
metastatic disease was first detected, and date of death or most
recent follow-up. The 7th edition Tumor-Node-Metastasis
(TNM) clinical classification for uveal melanoma was performed using basal tumor diameter, thickness, and ciliary body
involvement as previously described.17 After treatment of the
primary tumor, patients were monitored for metastasis with a
liver function panel every 6 months and liver imaging (usually
computed tomography with contrast) once per year or anytime
the liver function panel was abnormal or there were symptoms
suspicious for metastasis (e.g., right upper quadrant fullness or
discomfort, unexplained weight loss). Suspicious findings on
imaging were followed up with biopsy confirmation when possible. Patients were coded as having metastasis only if (1)
biopsy confirmation was obtained or (2) imaging studies were
highly consistent with uveal melanoma metastasis in the absence of other known primary cancer.

Preparation of RNA Samples
The FNAB samples for RNA analysis were expelled into an
empty RNase-free tube in the operating room. The empty syringe was filled with 200 L of extraction buffer from the
PicoPure RNA isolation kit (Molecular Devices, Sunnyvale,
CA), which was flushed through the syringe to collect any
additional tumor cells lodged in the needle hub. The tube was
then snap-frozen in liquid nitrogen or a dry ice-alcohol bath in
the operating room before transportation. For specimens requiring transport to the Harbour Laboratory at Washington University from other centers, tubes were placed on dry ice and mailed
by overnight courier. On arrival in the laboratory, the samples
were logged and stored in a freezer at ⫺80°C until they could
be processed. RNA was isolated using the PicoPure kit (including the optional DNase step), which yielded ⬍10 ng to 1.5 g
total RNA per aspirate using the NanoDrop 1000 system (NanoDrop Products, Wilmington, DE). Genomic DNA was prepared
using the Wizard Genomic DNA Purification kit (Promega,
Madison, WI). RNA quality was assessed by comparing the
total RNA yield with the expression of the 3 endogenous
control genes, as previously described.16
Table 1. Summary of Uveal Melanoma Gene Expression Profile
Gene
Symbol

Direction of
Change in Class 2
Tumors

CDH1
ECM1
EIF1B

Up
Up
Down

FXR1

Down

HTR2B

Up

ID2
LMCD1
LTA4H
MTUS1

Down
Down
Down
Down

RAB31

Up

ROBO1

Down

SATB1

Down

Gene Name
E-cadherin
Extracellular matrix protein 1
Eukaryotic translation initiation
factor 1B
Fragile X mental retardation,
autosomal homolog 1
5-hydroxytryptamine (serotonin)
receptor 2B
Inhibitor of DNA binding 2
LIM and cysteine-rich domains 1
Leukotriene A4 hydrolase
Microtubule-associated tumor
suppressor 1
RAB31, member RAS oncogene
family
Roundabout, axon guidance
receptor, 1
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 (Applied Biosystems Inc, Foster City, CA) following the manufacturer’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 Microfluidics 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 manufacturer’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 chromosome, as previously described.18

Statistical Analysis
Cox proportional-hazards regression analysis, Kaplan–Meier survival 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 reclassification 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 prospectively 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-

Figure 1. Schematic of study design. COOG ⫽ Collaborative Ocular
Oncology Group; GEP ⫽ gene expression profiling.

dian, 12.7 mm), and mean tumor thickness was 6.3 mm (median, 5.5
mm). Ciliary body involvement was absent in 308 cases, present in
139 cases, and unknown in 12 cases. Tumor samples were obtained
by FNAB in 359 cases, post-enucleation FNAB in 92 cases, and local
tumor resection in 8 cases. The cytopathologic diagnosis was spindlecell melanoma in 143 cases, mixed-cell melanoma in 95 cases, epithelioid cell melanoma in 87 cases, unspecified melanoma cell type in
41 cases, acellular/quantity not sufficient for diagnosis in 60 cases,
and sample not obtained for cytopathology in 33 cases. The status of
chromosome 3 was assessed by a multi-SNP assay in the first 260
cases. A total of 34 deaths occurred, 28 (82.4%) of which were due to
metastatic disease. Another 19 patients had developed metastases but
were still alive at the time of last follow-up.

Initial Performance of the Gene Expression
Profiling Assay
The GEP assay was successful in rendering a classification in 446 of
459 cases (97.2%). Among the 13 samples that failed to yield a GEP
result, 5 did not adhere to study protocol (improper buffer, handling,
or 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
months). Metastasis was detected in 3 patients (1.1%) with class 1
tumors and 44 patients (25.9%) with class 2 tumors (log rank,
P⬍0.0001). Fifteen samples were obtained from active tumors arising
from uveal melanomas that were previously treated with plaque
radiotherapy (7 cases), proton beam radiotherapy (4 cases), and laser
treatment (4 cases); 9 of these were class 1, and 6 were class 2.
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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 involvement, 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, including chromosome 3 status (Fig 2). By univariate Cox proportional hazards analysis (Table 3), factors associated with metastasis 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 independent 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 relationship 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). However, the GEP and chromosome 3 results were discordant in 54
cases (20.8%). Among 16 cases that were class 2/disomy 3, 7

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

Discussion
In this prospective multicenter collaborative study, the
prognostic accuracy of a 15-gene prognostic assay for
uveal melanoma was assessed. A strong association was
observed between GEP class 2 and other adverse prognostic factors, including increased patient age, ciliary
body involvement, larger tumor diameter and thickness,
epithelioid cell type, and monosomy 3. However, GEP
class was more strongly associated with metastasis than
these other factors. In multivariate analysis, no combination of other prognostic variables (including chromosome
3 status) was more closely associated with metastasis
than GEP alone. Only 6 of 34 deaths were not due to
metastasis, such that nonmetastatic deaths did not represent a significant competing risk in this data set (data not
shown). Fifteen cases were local recurrences that arose
after prior treatment, and 9 (60%) of these were GEP
class 1. This suggests that recurrent tumors are no more
likely to be one class or the other, although more cases
are needed to establish statistical significance.

Comparison of Gene Expression Profiling and
Chromosome 3 Status
An important goal of this study was to compare the
prognostic value of GEP and chromosome 3 status, which
has been widely used as a prognostic marker in uveal
melanoma. Although there was a strong association between monosomy 3 and GEP class 2, the prognostic
accuracy of GEP was superior to monosomy 3. Indeed,

Table 2. Comparison of Uveal Melanoma Molecular Classes
Variable
Age (yrs)

Gender
Tumor diameter (mm)

Tumor thickness (mm)

Ciliary body involvement
Mixed or epithelioid cytology
Metastasis

4

Class 1

Class 2

Mean, 59.6
Median, 59.0
Min–max, 13.2–98.4
Female, 130
Male, 146
Mean, 12.1
Median, 12.0
Min–max, 4.0–24.0
Mean, 5.7
Median, 5.0
Min–max, 1.0–17.5
Yes, 61 (22.7%)
No, 208 (77.3%)
Yes, 86 (45.5%)
No, 103 (54.5%)
Yes, 3 (1.1%)
No, 273 (98.9%)

Mean, 65.3
Median, 65.9
Min–max, 17.2–91.5
Female, 89
Male, 81
Mean, 13.9
Median, 14.0
Min–max, 1.3–23.0
Mean, 7.0
Median, 6.2
Min–max, 1.5–17.5
Yes, 72 (43.6%)
No, 93 (56.4%)
Yes, 89 (70.6 %)
No, 37 (29.4%)
Yes, 44 (25.9%)
No, 126 (74.1%)

P Value
0.0001

0.2
⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001
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Figure 2. Comparison of gene expression profiling (GEP) classification with other prognostic factors. Kaplan–Meier plots for the indicated prognostic
factors. P values were determined by log-rank method. Age indicates patient’s age at the time of primary tumor diagnosis. Threshold values for
dichotomizing continuous variables (tumor thickness and diameter) were determined by ROC analysis.

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
FNAB samples, such as the use of fluorescence in situ

hybridization to analyze isolated tumor nuclei from eyes
that have been removed.20
This study confirms that GEP is a more accurate prognostic marker than monosomy 3 for routine clinical use in
patients with uveal melanoma, consistent with previous
smaller studies from multiple independent institutions.10,12,13
Likewise, we previously showed that the inclusion of other
commonly used cytogenetic features, such as gain of 6p and
8q, did not improve the accuracy of GEP alone.21 A likely
reason for the superiority of GEP over cytogenetic methods is
that the latter are static markers that are often distributed
heterogeneously throughout the tumor and are thus prone to
sampling error.20,22 In contrast, GEP captures a functional
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Table 3. Cox Proportional Hazards Analysis of Prognostic Factors
Univariate
Variable
Increased patient age
Ciliary body involvement
Increased tumor diameter
Increased tumor thickness
Mixed/epithelioid cell type
Loss of chromosome 3
GEP class 2

Multivariate

P Value

HR

CI

P Value

HR

CI

0.02
0.03
0.0003
0.006
0.04
0.0002
⬍10⫺7

2.2
1.9
3.2
2.5
2.3
4.3
26.4

1.2–4.0
1.1–3.4
1.7–5.9
1.3–4.8
1.0–5.1
2.0–9.3
8.2–84.6

0.2
0.9
0.2
0.6
0.6
0.2
0.006

1.9
1.1
2.0
0.8
1.3
2.8
20.5

0.7–5.0
0.4–3.3
0.7–5.6
0.3–2.3
0.5–3.3
0.6–13.7
2.4–175.6

CI ⫽ confidence interval; GEP ⫽ gene expression profile; HR ⫽ hazard ratio.

“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 cytogenetic 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 cytogenetic 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 25or 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 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

T1
a
b
T2
a
b
T3
a
b
T4
a
b

No. of
Cases

Cases that
Metastasized

Class 2
Cases

77
4

1 (1.3%)
1 (25%)

15 (19%)
2 (50%)

138
32

14 (10%)
3 (9.4%)

42 (30%)
14 (44%)

71
69

5 (7.0%)
11 (16%)

28 (39%)
36 (52%)

12
22

4 (33%)
4 (18%)

6 (50%)
18 (82%)

a ⫽ no ciliary body involvement; b ⫽ ciliary body involvement; T ⫽
tumor size.
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samples are only taken when there are morphologically distinct
tumor components, such as multilobulated tumors and those
with extraocular extension, in which case we recommend
sampling each area separately. This assay has also been optimized for use on formalin-fixed paraffin-embedded specimens,
which will be the subject of another publication.

Clinical Applications of Gene Expression Profiling
Testing
The GEP assay represents a prospectively validated tool that
can be used for routine clinical prognostic testing and for
stratifying patients for entry into clinical trials of adjuvant
therapy. Approximately half of patients with a class 2 tumor
will develop detectable metastasis by 3 years after primary
tumor diagnosis. Enrolling patients with class 2 tumors into
clinical trials at the time of primary tumor diagnosis offers
the potential to reduce the number of patients required, and
the length of time needed to detect a difference in outcomes
can be greatly reduced relative to other available prognostic
markers. The identification of BAP1 mutations associated
with class 2 tumors6 may soon lead to new targeted therapeutic agents for such clinical trials.
Table 5. Net Reclassification Improvement of Gene Expression
Profile versus Other Prognostic Tools

TNM Staging
Sample size
Positive for metastasis
NRI
Standard error
Significance level
Monosomy 3
Sample size
Positive for metastasis
NRI
Standard error
Significance level

All Cases

At 2 Yrs

At 3 Yrs

425
43 (10%)
0.42
0.044
P⬍0.0001

146
32 (22%)
0.37
0.055
P ⫽ 0.008

70
42 (60%)
0.43
0.066
P ⫽ 0.001

260
38 (15%)
0.28
0.038
P ⫽ 0.002

121
27 (22%)
0.36
0.052
P ⫽ 0.006

60
37 (62%)
0.38
0.065
P ⫽ 0.004

NRI ⫽ net reclassification improvement; TNM ⫽ Tumor/Node/Metastasis: the tumor classification guidelines for uveal melanoma established by
the American Joint Committee on Cancer. Two- and 3-year subanalyses
represent data known at those time points after primary treatment in
evaluable cases.
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Figure 3. Comparison of gene expression profiling (GEP) classification with chromosome 3 status. A, Pie chart showing relationship between GEP class
and chromosome 3 status in 293 patients. B, Kaplan–Meier plot showing metastasis-free survival after primary tumor diagnosis in cases where GEP class
and chromosome 3 status were discordant (class 1/monosomy 3 or class 2/disomy 3). Cases in which GEP and chromosome 3 status were concordant are
shown for comparison in gray. P value was determined by log-rank method.
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