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Chapter 6
Gene Expression Profiling 
in the Management of Uveal Melanoma

Zelia M. Correa

�Introduction

Historically, one of greatest challenges in the management of uveal melanoma 
(UM) has been management of metastatic disease. Because UM is the most preva-
lent primary malignant intraocular tumor in adults and carries a significant risk of 
metastases, which has shown to be mostly unresponsive to available systemic ther-
apy [1], very little progress has been made over the years in improving survival. 
Thus, researchers have searched for prognostic indicators (initially clinical [2], then 
pathological [3], chromosomal [4], and finally genomic [5, 6]) to identify patients at 
increased risk for developing such metastasis in order to optimize surveillance test-
ing and early treatment of metastatic disease. New insights on molecular pathways 
have shown multiple events to be dysregulated during the multistep process of 
oncogenesis indicating potential novel therapeutic approaches with promising clini-
cal applications [7].

It has been shown that prognosis of UM can be most accurately predicted by 
genetic profiling of a fine-needle aspiration biopsy (FNAB) aspirate from the pri-
mary tumor before treatment. Currently, research is also looking at next-generation 
sequencing, single-cell sequencing, and ancestry to further enhance the identifica-
tion of high-risk patients for clinical trials that may lead to target-based therapies for 
metastatic disease and adjuvant therapy which aims to prevent metastatic dis-
ease [8, 9].
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�Historical Relevance of Gene Expression Profiling 
in UM Prognosis

Conceptually, cancer is believed to develop from a series of genomic aberrations. 
Conversely, it remains unclear when these metastases determining aberrations occur 
in the process of tumor evolution [8]. Prognostic assessment of UM was historically 
inaccurate likely because this tumor’s evolution was poorly understood. Several 
chromosomal abnormalities in UM have been used for prognostication, including 
loss of 1p, 3, 6q, 8p, and 9p and gain of 1q, 6p, and 8q. Various techniques have been 
investigated to detect these changes, including standard karyotyping, fluorescence 
in situ hybridization (FISH), comparative genomic hybridization (CGH), spectral 
karyotyping, microsatellite analysis (MSA), multiplex ligation-dependent probe 
amplification (MLPA), and single-nucleotide polymorphisms (SNPs) [4, 10]. While 
loss of chromosomal heterozygosity (LOH) was identified in 63% of tumors, loss of 
one copy of chromosome 3 (monosomy 3 or LOH3) occurs in 52% of all UMs and 
has shown to be the most prognostically significant of these chromosomal markers 
[6, 10]. The importance of monosomy 3 alone was misrepresented although some 
clinicians started using it as a prognostic marker [11]. Although cytogenetic altera-
tions afforded an important step toward the development of accurate prognostic 
markers for uveal melanoma, they hold significant drawbacks in using this informa-
tion in routine clinical practice. These methods were developed from uveal melano-
mas’ specimens obtained from enucleation that yields large amounts of tumor 
tissue. However, about 90% of uveal melanomas are now managed by plaque 
brachytherapy and not by enucleation, in which case the only way to obtain tumor 
tissue without severely damaging the patient’s vision is by needle biopsy. 
Unfortunately, the amount of tumor material obtained by needle biopsy is often 
insufficient for chromosomal assay techniques [10, 12, 13]. Further problems with 
chromosomal prognostic testing include sampling error resulting from intratumoral 
heterogeneity and the complicated combination of chromosomal changes and clini-
copathologic information that are needed to maximize prognostic accuracy [11].

Clinical management of UM began to change with the discovery that molecular 
classification based on gene expression profiling (GEP) of the primary tumor was 
superior to monosomy 3 and clinicopathologic prognostic factors for predicting 
metastasis, and it is feasible even in small tumor aspirates [14]. GEP is strikingly 
different from chromosomal analysis because it provides a functional “snapshot” of 
the tumor’s microenvironment that is more consistent across the tumor [10, 15, 16]. 
The GEP test consists of reverse transcription (RT)-PCR-based assay comprising 12 
discriminating genes and 3 control genes performed on a microfluidics platform 
used routinely in clinical practice on very small tumor samples from fine-needle 
aspiration biopsy (FNAB) [16]. GEP-based assignment of UMs to Class 1 (low risk 
for development of metastasis) or Class 2 (high risk for development of metastasis) 
was validated in a prospective, multicenter study [17] and is now routinely per-
formed for clinical use in many centers [12, 18, 19].
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As previously mentioned, GEP was developed to be used ideally on fresh tumor 
samples obtained from FNAB [20]. However, GEP can also be tested on formalin-
fixed, paraffin-embedded tissue (Fig.  6.1) [18]. Once the genetic material is 
extracted, RNA samples quantified using the Nanodrop 1000 spectrophotometer are 

Fig. 6.1  Gene expression profiling testing in uveal melanoma. Schematic drawing depicts how 
tumor sampling can be used for prognostic testing – fine-needle aspiration biopsy (FNAB) and 
enucleation
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converted to cDNA using the High-Capacity cDNA Reverse Transcription kit. The 
technique used for GEP testing of UM has been described in great detail [10]. 
Separate from its prognostic value, GEP has provided critical insights into the 
pathobiology of UM. It has been shown that GEP of Class 1 tumors closely resem-
bles that of normal uveal melanocytes and low-grade uveal melanocytic tumors, 
whereas GEP of Class 2 tumors shows reduced expression of melanocytic genes 
and instead resembles the transcriptome of primitive neural/ectodermal stem cells.

After the GEP test became available commercially, clinicians started using it 
routinely to determine the frequency of surveillance testing since clinical evidence 
confirmed that most of UM metastases occurred in patients with Class 2 tumors. 
However, a small number of Class 1 tumors were retrospectively identified to also 
develop delayed metastases. Further investigation based on a retrospective analysis 
of expression data from the 12-gene classifier on Class 1 tumors that metastasized 
revealed a subgrouping of Class 1 tumors into “1A” and “1B” based on the expres-
sion of two of these genes (CDH1 and RAB31). Class 1A tumors had low CDH1/
RAB31 expression while Class 1B tumors had high expression. This subgrouping 
has been used as a provisional indicator of Class 1 patients who may be at increased 
risk of metastasis [18]. The further pursuit to recognize additional more accurate 
biomarkers for metastasis in Class 1 tumors led to a genome-wide integrated tran-
scriptomic and chromosomal analysis in a cohort of Class 1 tumors. The cancer-
testis-antigen PRAME (preferentially expressed antigen in melanoma) was shown 
to be a biomarker for increased metastatic risk in Class 1 tumors. This finding 
showed that PRAME provides additional discriminating power among Class 1 
patients and provides a potential pathway for stratification of patients for clinical 
trials involving adjuvant and targeted therapies [19, 21].

�Practical Clinical Application of GEP in UM

After the GEP assay was validated, it was transitioned from a high-density microar-
ray platform to a 15-gene (quantitative) qPCR-based assay that is now performed in 
a College of American Pathologists (CAP)-accredited Clinical Laboratory 
Improvement Amendments (CLIA)-certified laboratory routinely on tumor aspi-
rates and on archival formalin-fixed specimens [18, 22].

Multiple groups have published their findings after the GEP test for uveal mela-
noma became commercially available [18, 19, 23]. The GEP assay remains the only 
prospectively validated tool that can be used for routine clinical prognostic testing 
of UM and for stratifying patients into high or low risk for development of metasta-
sis [17]. The reliable results and accessible logistics have made the commercially 
available Decision-DX UM® (Castle Biosciences, Inc.) the most used prognostic 
test for uveal melanoma in the United States [22].

Because most patients with a class 2 tumor will develop detectable metastasis 
within 3 to 5 years after primary tumor diagnosis despite successful treatment of the 
primary tumor, enrolling these patients into clinical trials at the time of primary 
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tumor diagnosis can hypothetically reduce the number of patients needed to treat 
and the length of follow-up needed to detect a difference in outcomes. The identifi-
cation of BAP1 and other driver mutations as well as PRAME expression, all of 
which strongly associated with tumor prognosis, may soon lead to the discovery of 
new targeted therapies for clinical trials [9].

By and large, GEP is used to assess clinically diagnosed uveal melanoma at the 
time of (or immediately prior to) treatment to access individual risk for development 
of metastases and tailor surveillance testing in order to allow early detection of 
tumor spread and timely management as seen on Fig. 6.2. Patients with a Class 1 
PRAME-negative tumor (or Class 1A) are recommended to have annual surveil-
lance tests consisting of liver and lung imaging that may range from abdominal 
ultrasound and chest X-ray to CT of the chest and abdomen for at least 5 years. 
Patients with Class 1 PRAME-positive tumor (or Class 1B) should have biannual 
surveillance testing similar to other Class 1 patients also for at least 5 to 7 years. 
Patients with Class 2 tumor (independent of their PRAME status) are suggested to 
have surveillance imaging consisting of MRI of the abdomen every 3–4 months and 
chest X-ray every 6 months.

Curiously, clinicians started to use the test as a “diagnostic surrogate” to recom-
mend treatment after the prospective validation of GEP. This unexpected use of the 

Fig. 6.2  Clinical application of gene expression profiling (GEP) in clinically diagnosed uveal 
melanoma. In these cases, GEP has a prognostic indication, and it is used to guide surveillance 
testing and future adjuvant treatment for high-risk patients
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test was driven by the need ocular oncologists have to confirm early tumor diagno-
sis, the size overlap between small melanomas and large nevi, and the fact that GEP 
testing needs fewer cells than cytology to yield a conclusive test result [12, 24]. 
Despite personal clinical preferences, most clinicians follow a certain patter illus-
trated on Fig. 6.3. When an indeterminate uveal tumor is detected, it prompts 1 out 
of 3 options, observation for documented tumor progression, diagnostic FNAB to 
determine management, or treatment (that may concur with a prognostic FNAB). If 
FNAB is performed, cytology and GEP test may be obtained. If cytology is per-
formed, it is used as the first diagnostic point. In cases which the FNAB yield ren-
ders an inconclusive cytology assessment (benign cells or insufficient cellular 
aspirate) or if cytology is not performed, GEP is solely used as a surrogate diagnos-
tic test to recommend treatment. Patients with high-risk tumor (Class 2/PRAME 
positive or negative) and those with moderate risk (Class 1B and/or PRAME-
positive) are treated promptly. Those with low risk (Class 1A/PRAME-negative) 
may or may not be treated depending on tumor location and risk for vision loss, 
patient age, and overall health. This information allows deferral of treatment and 
safe observation of patients for tumor progression and malignant transformation.

Fig. 6.3  Clinical application of gene expression profiling (GEP) in clinically indeterminate uveal 
melanocytic lesion. In these cases, cytology and GEP (or GEP alone) are used to indicate tumor 
management. If cytology is performed, it is the first diagnostic point. If cytology is inconclusive or 
not performed, GEP is solely used as a surrogate diagnostic test to recommend treatment. *Until 
documented tumor growth prompts treatment or repeat biopsy
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�Future Clinical Applications of GEP in UM

Research into molecular prognostic testing in uveal melanoma continues to 
advance as new technologies are becoming available. Rigorous research is essen-
tial to guarantee accuracy and reproducibility of any assay. While there are other 
tests used currently around the world, the great variability in methodology and 
quality requires critical assessment to identify the most accurate, accessible, and 
cost-effective test to move research forward with clinical trials for high-risk 
patients in the adjuvant and metastatic settings. Similar to the standard for other 
forms of medical genetic testing, centralized testing facilities are necessary to 
achieve high quality-control standards and provide worldwide access to this tech-
nology [10]. Continued effort is pointing to new classes of compounds, including 
MEK, protein kinase C, histone deacetylase inhibitors, and more recently Lag 3 
inhibitor that may be tested as adjuvant therapy for high-risk patients identified as 
Class 2, as well as in the setting of advanced disseminated disease [25]. Consensus 
in methodology and multi-institutional collaborations are critical to achieve these 
goals and provide reliable and timely progress in managing patients with uveal 
melanoma.
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