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Abstract

Introduction: Gene expression profiling (GEP) is widely used
for prognostication in patients with uveal melanoma (UM).
Because biopsy tissue is limited, it is critical to obtain as
much genomic information as possible from each sample.
Combined application of both GEP and next-generation se-
quencing (NGS) allows for analysis of RNA and DNA from a
single biopsy sample, offers additional prognostic informa-
tion, and can potentially inform therapy selection. This study
evaluated the analytical performance of a targeted custom
NGS panel for mutational profiling of 7 genes commonly
mutated in UM. Methods: One hundred five primary UM tu-
mors were analyzed, including 37 formalin-fixed paraffin-
embedded (FFPE) and 68 fine-needle aspiration biopsy spec-
imens. Sequencing was performed on the lon GeneStudio S5

platform to an average read depth of >500X per region of
interest. Results: The 7-gene panel achieved a positive per-
cent agreement of 100% for detection of both single-nucle-
otide variants and insertions/deletions, with a technical pos-
itive predictive value of 98.8% and 100%, respectively. Intra-
assay and inter-assay concordance studies confirmed the
assay’s reproducibility and repeatability. Discussion/Con-
clusion: The 7-gene panel is a robust, highly accurate NGS
test that can be successfully performed, along with GEP,
from a single small-gauge needle biopsy sample or FFPE

specimen. ©2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Uveal melanoma (UM) is a rare but deadly intraocular
cancer, with up to 50% of patients developing distant
metastatic disease [1]. A 15-gene expression profiling
(GEP) test commercially available as DecisionDx-UM
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(Castle Biosciences, Inc., Friendswood, TX, USA) is rou-
tinely used in the USA and parts of Canada for prognos-
tication of metastatic risk in UM patients [2-4] and is
included as standard of care in national guidelines [5, 6].
Testing is most commonly performed on a small tissue
sample taken by fine-needle aspiration biopsy (FNAB)
but can also be performed on formalin-fixed paraffin-
embedded (FFPE) tissue taken from enucleations. Since
the vast majority of UM patients are treated with radio-
therapy rather than enucleation and repeated or aggres-
sive biopsies can increase the risk of complications, it is
critical that a molecular prognostic testing platform pro-
vide as much individualized genomic information as pos-
sible from a single biopsy sample. The ability to perform
both GEP testing and mutational profiling via high-
throughput next-generation sequencing (NGS) from the
same UM biopsy sample reduces complications related to
multiple biopsies and has the potential to aid in diagnos-
tic classification, determine eligibility for targeted thera-
pies, and provide additional individualized prognostic in-
formation for patients.

Nearly all UMs harbor mutually exclusive mutations
in either GNAQ, GNA11, CYSLTR2, or PLCB4, resulting
in constitutive activation of the G-protein-receptor sig-
naling pathway [7-11]. While mutations in these 4 Gq
signaling pathway genes are not correlated with UM
prognosis, they appear to be required for tumor initiation
and may be helpful in confirming the presence of a uveal
melanocytic lesion [7, 10-14]. During subsequent tumor
evolution, additional mutations are gained in either EI-
FI1AX, SF3BI1,or BAPI [10] and have been associated with
prognosis in UM patients. For instance, mutations in EI-
FIAX and SF3BI are associated with relatively low and
intermediate metastatic risk (Class 1 GEP), respectively,
while inactivating mutations in BAPI, a tumor suppres-
sor gene, are associated with high metastatic risk (Class 2
GEP) [7, 14, 15].

A 7-gene sequencing panel, commercially available as
DecisionDx-UMSeq (Castle Biosciences, Inc., Friends-
wood, TX, USA), utilizes NGS to identify variants within
GNAQ, GNA11, CYSLTR2, PLCB4, EIF1AX, SF3B1, and
BAPI using DNA isolated from primary UM tumor spec-
imens. This study describes the development, analytical
validation, and performance of this 7-gene panel. Perfor-
mance characteristics for the target genes of interest were
assessed according to the guidelines for validation of
NGS-based oncology panels established by the Associa-
tion for Molecular Pathology (AMP) and College of
American Pathologists (CAP).

Validation of a 7-Gene Sequencing Panel
for Uveal Melanoma

Materials and Methods

Tumor Specimens and Sample Preparation

The majority of primary UM tumor samples used in this study
were acquired following routine clinical GEP testing at a central-
ized CAP-accredited, CLIA-certified, New York State Approved
laboratory (Castle Biosciences, Inc., Phoenix, AZ, USA). During
FNAB sample processing, an aliquot of the sample was set aside for
clinical testing with the GEP test, and the remaining sample was
frozen. These residual frozen samples, which would have other-
wise been discarded after successful GEP testing, were de-identi-
fied, and 70 pL were transferred to the clinical research scientists
for analytical/technical validation of the 7-gene NGS panel. None
of the research personnel were given access to identifiable patient
health information, and results were not provided back to the pa-
tient or practitioner due to the strictly analytical nature of the
study. Because no additional medical or privacy risks were in-
curred for these patients, patient consent was not required as de-
scribed in published FDA guidance documents [16]. Institutional
Review Board approval was also not required for the existing re-
sidual clinical specimens at Castle Biosciences because this analysis
is exempt from the regulatory review requirements as set forth in
section 46.101 (b) of 45 CFR 46. The subset of de-identified sam-
ples provided by the Harbour Lab was obtained with written pa-
tient informed consent and approval of the Institutional Review
Board of the University of Miami (IRB-approved protocol number
20120773). For FFPE specimens derived from enucleations, sam-
ples were prepared as 5-micron sections mounted onto 5 slides,
and DNA extraction was performed with tumor cell content >80%
following evaluation by trained pathologists.

Nucleic Acid Extraction and Quantification

Genomic DNA was extracted from FNAB samples using the
AllPrep DNA/RNA Mini Kit (Qiagen, Hilden, Germany) and from
FFPE samples using QIAamp DSP DNA Mini Kit (Qiagen, Hilden,
Germany). DNA concentrations were determined by fluorometric
quantitation using Qubit 2.0 Fluorimeter (Life Technologies,
Waltham, MA, USA).

Next-Generation Sequencing

Libraries were prepared for each sample using a custom Ion
Ampliseq Panel (Thermo Fisher Scientific, Waltham, MA, USA)
following the manufacturer’s instructions. A total of 15 ng input
DNA per sample (minimum 1.5 ng/pL sample DNA concentra-
tion) was loaded. Template preparation was performed on the Ion
Chef System (Thermo Fisher Scientific, Waltham, MA, USA) us-
ing the Ion 510, Ion 520, and Ion 530 kit-chef (Thermo Fisher Sci-
entific, Waltham, MA, USA). Samples were loaded onto an Ion 530
Chip (Thermo Fisher Scientific, Waltham, MA, USA) for sequenc-
ing using the Ion GeneStudio S5 Prime Sequencer (ThermoFisher
Scientific, Waltham, MA, USA). Data were processed and ana-
lyzed through the Ion Reporter pipeline [17, 18].

Reference Samples

For initial platform validation, 2 HapMap samples (NA12877
and NA12878; Coriell Institute) and 2 reference DNA samples
(TruQ2 and TruQ3; Horizon Discovery, UK) containing hot spot
variants at 5% variant allele frequency (VAF) in GNAQ (p.Q209L)
and GNA1I (p.Q209L) were tested using the Ion Ampliseq Cancer
Hotspot v2 Library Kit (Thermo Fisher Scientific, Waltham, MA,
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Table 1. Genomic coordinates of 7-gene panel (reference sequence: hg19/grch37)

Gene Transcript ID Genomic position Region reported
(start-stop) (hotspot variant, if present)

BAP1 NM_004656.3 chr3: 52436304-52443894 All coding exons+10 bp

CYSLTR2 NM_020377.2 chr13:49281308-49281421 Exon 1 (p.L129)

EIFTAX NM_001412.3 chrX:20159723-20160042 Exon 1£10 bp

EIFTAX NM_001412.3 chrX: 20156538-20156872 Exon 2+10 bp

GNAT1 NM_002067.2 chr19:3118930-3119036 Exon 5 (p.Q209)

GNATI1 NM_002067.2 chr19:3114958-3115053 Exon 4 (p.R183)

GNAQ NM_002072.3 chr9: 80409443-80409558 Exon 5 (p.Q209)

GNAQ NM_002072.3 chr9: 80412432-80412552 Exon 4 (p.R183)

PLCB4 NM_000933.3 chr20: 9389729-9389853 Exon 20 (p.D630)

SF3B1 NM_012433.2 chr2: 198267349-198267494 Exon 14 (p.R625)

. Sample . .

. . primary tumor — - —_—
Fig. 1. Clinical workflow for the 7-gene um r;ti-r;:uetumor processing DNA isolation v’
panel. Primary tumor tissue (FFPE or FNAB (N=68) l +
FNAB) from a single biopsy is processed FFPE (N=37) v Library preparation v’

. S > i RNA isolation

upon arrival at Castle Biosciences’ clinical
lab, with 1 aliquot used for RNA isolation l Next generation sequencing
and gene expression profiling and the other ; (DecisionDx-UMSeq: GNAQ,
resergved fof DNA ifolationgand sequenc- Gene expression GNAT1, CYSLTR2, PLCBA,
: : 4 profiling EIF1AX, SF3B1, BAP1)
ing. Targeted regions of the genome are (DecisionDx-UM, i
amplified for sequencing on the Thermo DecisionDx-PRAME) - S
Fisher Ion S5, after which variants are called Bioinformatics pipeline

1sher g 1V reca; Variant identification
using the Ion Reporter bioinformatics pipe- 1
line. Variants that meet minimum quality ]

d L dth ithi Variant Summary v/
and coverage criteria and that are w1.t inre- Evaluate coverage and variant
portable range are reported along with their visualization
potential clinical relevance according to the Sanger sequencing confirmation +/ 1
4-tiered system for classification of somatic Each variant must be orthogonally Variant interpretation
variants established by joint AMP, ASCO, confirmed in 10 samples Database and literature searches
and CAP guidelines [20]. AMP, Associa- 1
tion for Molecular Pathology; CAP, College v Quality control checkpoint Patlent report
of American Pathologists; FFPE, formalin- Identified variants alnd inteprpretation summary
fixed paraffin-embedded; FNAB, fine-nee-
dle aspiration biopsy.

USA). To assess the lower limit of detection (LLOD), 6 FFPE sam-
ples and 13 FNAB samples with known VAFs were diluted with
wild-type DNA (NA12878) as described previously [19].

Orthogonal Confirmation of Sequence Variants

Various orthogonal methods were used for this validation and
are summarized in (online suppl. Table 1; for all online suppl. ma-
terial, see www.karger.com/doi/10.1159/000518829). A subset of
samples was sequenced on the Illumina MiSeq platform using a
custom TruSeq panel and custom bioinformatics pipeline. A sepa-
rate subset of samples underwent an inter-laboratory comparison
with whole exome sequencing in 1 of 2 reference laboratories. The
FNAB samples provided by the Harbour Lab were sequenced at
the University of Miami Hussman Institute for Human Genomics
(Miami, FL, USA), while the FFPE samples were sequenced at the
Broad Institute (Cambridge, MA, USA). Furthermore, an addi-
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tional subset of samples was sent for Sanger sequencing - FNAB
samples were sent to Elim Biopharmaceuticals (Hayward, CA,
USA), and FFPE samples were sent to Eurofins Genomics (Louis-
ville, KY, USA).

Data Analysis

Analysis was performed using Ion Torrent Suite Browser Ver-
sion 5.8 and Ion Reporter Version 5.6 (reference sequence: hgl19/
grch37). For each sequencing run, the ion sphere particle (ISP)
density, yield, useable reads, and percent polyclonal were recorded
to assess sequencing run quality metrics. Amplicon coverage, vari-
ant detection, and annotation were assessed for the regions of in-
terest using Ion Reporter Version 5.6. Variants that met estab-
lished quality control (QC) metrics were confirmed using orthog-
onal methods. Detection of deletionslarger than 40 bp was achieved
by incorporating the following code into the ion reporter software:

Alsina et al.



Table 2. Average quality and depth-of-coverage metrics across validation samples

Run metrics*

Sample coverage**

ISP density, yield total useable % Poly- mapped %on  mean uniformity,
% reads (M)  reads clonal reads target depth %
FNAB 94 22.6 64% 31 1,380,181 96 2,430 93
FFPE 93 18.7 53% 38 1,326,909 96 2,288 93
Acceptable >70 10-30 >30% <50 >200,000 >80 >500X =80

FFPE, formalin-fixed paraffin-embedded; FNAB, fine-needle aspiration biopsy. * Run metrics were averaged
from 9 separate runs for FNAB samples and 8 separate runs for FFPE samples. ** Sample coverage data were aver-
aged from the 68 FNAB samples and 37 FFPE samples used in the validation study.

tmap mapall .. -] 25 --end-repair 15 --bed-file --max-one-large-
indel-rescue 40 --max-amplicon-overrun-large-indel-rescue 15
stagel map4”. As specified in the results section, variants that met
the QC metrics were compared to sequencing results from other
platforms in order to determine positive percent agreement (PPA)
and technical positive predictive value (TPPV) for the target genes
of the 7-gene panel.

Results

Selection of Target Genes

Genomic coordinates for the 7-gene panel were identi-
fied following literature and database searches for the re-
gions of interest in order to define the reportable range
[15,20]. The transcripts used for each gene along with the
start and stop genomic positions for the targeted regions
of interest are listed in Table 1. For clinical reporting pur-
poses, all BAPI and EIF1AX variants identified within 10
base pairs of the exons of interest are reported, while only
known hotspot variants are reported for CYSLTR2,
GNA1l, GNAQ, PLCB4, and SF3BI1. However, for pur-
poses of this technical validation, all variants (including
synonymous variants) within 10 base pairs of the exons
of interest were reported for all genes, thereby including
variants in exons and splice regions but excluding those
in intronic regions.

Sequencing Workflow

To validate the 7-gene panel, a total of 68 FNAB and
37 FFPE samples were sequenced on the Thermo Fisher
Ion S5. Following DNA extraction, enrichment of target-
ed genomic regions was performed by multiplex PCR us-
ing probes spanning the genes of interest. The sequencing
workflow is outlined in Figure 1, with QC checkpoints
indicated. Briefly, samples only passed QCif theyachieved
aminimum DNA concentration >0.2 ng/pL, and a library

Validation of a 7-Gene Sequencing Panel
for Uveal Melanoma

prepyield >40 pM. Variants were reported if they achieved
>500X coverage per region of interest and a base quality
score of >100 (Table 2).

Sequencing Performance and Quality Control

Table 2 summarizes the average quality and coverage
metrics for both FNAB specimens (N = 68) and FFPE
specimens (N = 37). The run metrics, including ISP den-
sity, total reads, percent of useable reads, and percent of
polyclonal ISPs were all in line with the acceptable ranges
recommended by the manufacturer.

Sample coverage data, including the mapped reads,
percentage (%) on target, mean depth of coverage, and
uniformity were recorded. Mean depth of coverage was
2,430X for FNAB and 2,288X for FFPE, well above the
500X minimum recommended by the New York Clinical
Laboratory Evaluation Program guidelines [21].

Limits of Detection

Serial dilution experiments determined that high-
quality sequencing results could be obtained with as little
as 0.875 ng of FNAB and 1.0 ng of FFPE tissue (online
suppl. Fig. 1). To assess the targeted LLOD of 5% VAF
[19], 13 FNAB and 6 FFPE samples with known VAF
were diluted to 5% with normal DNA. Sequencing of
these samples resulted in correct detection of 26 of 27
variants (96%) (online suppl. Table 2). To further con-
firm the assay’s LLOD, sequencing was also performed on
2 well-characterized reference DNA samples, TruQ2, and
TruQ3. These reference samples contain known, digital-
PCR quantified mutations at low allele frequency (5%
VAF) for 2 of the genes in the custom panel (GNAQ and
GNA11). There was 100% concordance in identifying the
target gene mutations in both reference DNA samples
(data not shown), confirming that the sequencing plat-
form accurately detects variants down to 5% VAF. Fur-
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Table 3. Intra-assay concordance

Sample Variant Rep.1 Rep.2 Rep.3 Avg SD %CV
FNAB
SNV
HL3 GNATT1 c.626A>T p.GIn209Leu 476 428 444 449 24 54
EIFTAX c.26G>C p.Gly9Ala 877 835 827 846 27 32
HL6 GNAQ c.626A>C p.GIn209Pro 642 623 620 628 1.2 1.9
EIF1AX c.17G>A p.Gly6Asp 975 968 978 974 05 0.5
HL10 CYSLTR2 c.386T>A p.Leu129GIn 50.8 408 458 458 50 10.9
SF3B1¢.1873C>T p.Arg625Cys 484 471 49.2 482 1.1 22
HL16 GNAT11 c.626A>T p.GIn209Leu 504 499 502 502 03 0.5
HL20 GNAT11 c.626A>T p.GIn209Leu 450 447 503 467 32 6.8
SF3B1 ¢.1874G>A p.Arg625His 450 407 454 437 26 6.0
MM70 GNAQ c.626A>C p.GIn209Pro 384 408 414 402 1.6 39
UMMO025 PLCB4 c.1888G>T p.Asp630Tyr 453 425 439 439 14 32
uFL501-200  GNAT1 c.626A>T p.GIn209Leu 494 491 485 490 05 0.9
INDEL
HL16 BAP1 c.145delC p.Leu49fs 94.1 944 917 934 15 1.6
MM70 BAPT c.968_978delCCCCATCCCAC p.Ala323fs 578 614 648 613 35 57
UMMO025 BAP1 ¢.932-8_960delTGTCTCAGATGGTGCAGAGGAGGCGG- 585 559 NA* 572 1.8 32
CTGGTTCATGC (splice site)
uFL501-200  BAPT c.729delC p.Arg244fs 940 950 953 948 07 0.7
FFPE
SNV
FFPE4 GNAQ c.626A>T p.GIn209Leu 374 363 397 378 1.7 4.5
EIF1AX c.17G>A p.Gly6Asp 544 487 453 495 46 9.3
FFPE7 BAP1 ¢.122G>C (splice site) 516 514 575 535 35 6.5
GNAQ c.626A>C p.GIn209Pro 359 302 306 322 32 9.8
FFPE8 GNAT11 c.626A>T p.GIn209Leu 456 480 455 463 14 3.0
FFPE26 BAP1 c.1777C>T p.GIn593Ter 580 538 61.1 576 37 6.3
GNATT1 c.626A>T p.GIn209Leu 362 268 399 343 68 19.7
FFPE28 GNAT11 c.626A>T p.GIn209Leu 447 399 374 407 37 9.1
SF3B1 c.1874G>A p.Arg625His 382 360 270 337 59 17.6
INDEL
FFPE4 BAP1 c.1984-11_1985delCTCTCCTACAGATINsA (splice site) 86.8 86,5  88.1 87.1 0.9 1.0
FFPE8 BAP1 ¢.1926_1944delGATTGCAAACTATGAGGCG p.Glu642fs 933 776 927 878 89 10.1

FFPE, formalin-fixed paraffin-embedded; FNAB, fine-needle aspiration biopsy; INDEL, insertions/deletions.

ther, sequencing of 2 HapMap DNA samples (NA12877
and NA12878) identified no reportable variants as ex-
pected.

Precision

Intra- and inter-assay concordance was evaluated by
sequencing both FNAB and FFPE specimens in multiple
replicates. To determine intra-assay concordance (Ta-
ble 3), 8 unique FNAB samples and 5 unique FFPE sam-
ples were assayed in triplicate on the same chip with dif-
ferent barcodes. One-way ANOVA found no significant
difference in the measured VAF for each variant detected
(SNVs and in-frame deletions were analyzed separately).
To determine inter-assay concordance (Table 4), 12
FNAB samples and 5 FFPE samples harboring SNVs in

432 Ocul Oncol Pathol 2021;7:428-436
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the 7 genes of interest were assayed on separate days
across 4 different runs with different barcodes and by dif-
ferent operators. For INDEL analysis, 3 FNAB samples
and 5 FFPE samples harboring BAPI INDELs were as-
sayed. Again, 1-way ANOVA determined no significant
differences in the measured VAF between runs.

Variant Identification in FNAB and FFPE Validation

Samples

A total of 129 variants (online suppl. Table 3) were
identified across the 68 FNAB samples, and 69 variants
(online suppl. Table 4) were identified across the 37 FFPE
samples. Of note, 96% of samples harbored confirmed
mutations in either GNA1I or GNAQ, 47% a BAPI vari-
ant (either SNV or INDEL), 19% a mutation in EIFIAX,

Alsina et al.



Table 4. Inter-assay concordance

Sample Variant Run1 Run2 Run3 Run4 Avg SD %CV
FNAB
SNV
HL2 BAP1 c.2188T>A p.Ter730Arg 883  88.1 878 860 876 1.05 1.2
GNATT c.626A>T p.GIn209Leu 46.7 522 485 503 494 237 48
HL3 GNATT1 c.626A>T p.GIn209Leu 462 464 434 427 447 1.91 43
EIF1AX c.26G>C p.Gly9Ala 828 889 843 899 865 345 40
HL4 BAP1 c.507C>G p.His169GIn 835 824 842 845 836 093 1.1
GNAT1 c.626A>T p.GIn209Leu 480 460 434 489 466 245 53
HL5 GNATT c.626A>T p.GIn209Leu 472 457 468 455 463 081 1.8
EIF1AX c.17-2A>G (splice site) 920 900 885 913 904 156 1.7
HL6 GNAQ c.626A>C p.GIn209Pro 669 647 667 658 660 1.00 15
EIF1AX c.17G>A p.Gly6Asp 969 972 956  98.1 970 1.03 1.1
HL7 GNAT1 c.626A>T p.GIn209Leu 436 457 421 466 445 202 45
HL10 CYSLTR2 c.386T>A p.Leu129GIn 482 479 513 506 495 170 34
SF3B1c.1873C>T p.Arg625Cys 475 468 527 475 486 275 56
HL12 GNATT c.547C>T p.Arg183Cys 362 397 390 374 381 157 4.1
SF3B1c.1873C>T p.Arg625Cys 356 372 399 366 373 183 49
HL13 GNAQ ¢.626A>C p.GIn209Pro 620 61.1 604 613 612 0.66 1.1
HL15 SF3B1 c.1874G>A p.Arg625His 470  49.1 489 480 482 095 20
GNAQ c.626A>T p.GIn209Leu 429 459 479 465 458 211 4.6
HL8 PLCB4 c.1516C>G p.GIn506Glu 514 477 511 504  50.2 169 34
GNAT1 c.626A>T p.GIn209Leu 392 402 373 392 390 121 3.1
HL16 GNATT c.626A>T p.GIn209Leu 478 495 490 474 484 099 20
INDEL
HL7 BAP1 ¢.898_899delAG p.Arg300fs 784 740 772 762 765 186 24
HL12 BAP1 c.853delT p.Ser285fs 586 585 542 553 566 225 40
HL16 BAPT c.145delC p.Leu49fs 928 931 927 925 928 025 03
FFPE
SNV
FFPE27 GNAQ c.626A>T p.GIn209Leu 778 764 775 733 762 20 2.7
FFPE31 GNATT c.626A>T p.GIn209Leu 40.1 395 450 401 44 25 6.0
FFPE32 GNATT c.626A>T p.GIn209Leu 492 419 401 464 444 41 9.3
FFPE33 GNAQ c.626A>C p.GIn209Pro 355 375 338 292 340 35 10.4
FFPE35 GNATT1 c.626A>T p.GIn209Leu 40.0  35.1 39.1 424 39.1 3.0 7.8
INDEL
FFPE27 BAP1 c.1375_1387delCTCTCAATTCCTC p.Leu459fs 826 862 825 806 830 24 29
FFPE31 BAPT c.376delA p.Ser126fs 614 656 597 630 624 25 4.0
FFPE32 BAP1 ¢.1753_1774delTCCATCAGACCAA p.Ser585fs 810 85 88 879 850 29 34
FFPE33 BAPT c.87_97delGGAAGGAGATCT 937 956 950 948 948 038 0.8
FFPE35 BAPT c.1055_1056delCC p.Pro352fs 646 747  76.1 715 717 5.1 7.2

FFPE, formalin-fixed paraffin-embedded; FNAB, fine-needle aspiration biopsy; INDEL, insertions/deletions.

16% a mutation in SF3B1, 3% a mutation in PLCB4, and
1% a mutation in CYSLTR2.

Because the purpose of this study was to validate the
7-gene panel for clinical use, only variants that would be
clinically reported were included in the final analysis.
Variant exclusions for the FNAB samples consisted of 1
outside of the reportable range (ORR) and 2 with low
(<15%) allele frequencies (AFs) that could not be con-
firmed with Sanger sequencing and were unable to be

Validation of a 7-Gene Sequencing Panel
for Uveal Melanoma

confirmed with additional orthogonal methods due to
limited sample quantity. As the detection limit of Sanger
sequencing is 15-20% [22], these variants were excluded
from analysis. In the FFPE samples, variant exclusions
consisted of 1 of 11 INDELs that was ORR, 2 SNVs that
were ORR, and 1 SNV with AF <15% which could not be
confirmed by Sanger sequencing. Finally, 2 SNVs with AF
>15% were unable to be confirmed by Sanger sequencing
and were thus deemed false positives.

Ocul Oncol Pathol 2021;7:428-436
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Overall Performance Metrics

After exclusions, a total of 126 variants from FNAB
and 65 variants from FFPE samples were included in the
comparison between the 7-gene panel results and the re-
sults from orthogonal sequencing methods (online suppl.
Table 5). Overall in the combined validation cohort, there
were 2 variants called by the Ion S5 that were not detected
by orthogonal methods and were deemed false positives.
There were no variants identified by orthogonal methods
that were not also detected by the Ion S5 (false negatives).

For FNAB samples, 126 of 126 variants (SNV and IN-
DEL) were correctly identified, resulting in an analytical
PPA of 100% and TPPV of 100%. For FFPE samples, 63
of 65 variants were correctly identified, with 2 false-posi-
tive results (EIF1AX c.17G>A and BAPI ¢.67+2T>G; on-
line suppl. Table 5), resulting in a PPA of 100% and TPPV
of 96.9%. PPA and TPPV were also calculated based on
variant type (SN'V vs. INDEL) for the combined cohort of
FNAB and FFPE samples. For detection of SNV, the as-
say achieved 100% PPA and 98.8% TPPV, and for INDEL
detection, it achieved 100% PPA and 100% TPPV. These
results show that the 7-gene panel is robust, with consis-
tent concordant results across multiple platforms with re-
spect to variant identification.

Discussion

This study evaluated the analytical performance of a
targeted NGS panel for mutational profiling of primary
UM tumors. This 7-gene panel was validated for use in
both FNAB and FFPE tissue from routine clinical samples
across an array of parameters including sequencing per-
formance, limit of detection, precision (reproducibility
and repeatability), and measures of agreement (PPA and
TPPV). It was also established that this panel can success-
fully be run from the same biopsy sample that is used for
GEP testing. For samples in this validation that had both
sequencing and GEP testing performed (31 FFPE and 64
FNAB), only 1 failed to yield a GEP result, resulting in a
technical success rate of 98.9%.

Consistent with prior studies evaluating mutation fre-
quencies in UM tumors [7, 11-15, 23-28], 96% of sam-
ples analyzed in this validation harbored mutually exclu-
sive mutations in either GNA11 or GNAQ. Similarly, 47%
of samples harbored a BAPI variant (either SNV or IN-
DEL). Mutations in EIF1AX, SF3B1, PLCB4, and CYSL-
TR2 were less frequent, occurring in 20%, 16%, 3%, and
1% of tumors, respectively. Of interest, 1 FNAB sample
harbored concurrent mutations in GNAI11 and PLCB4,
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which have been reported to occur in a mutually exclusive
manner [9, 14].

Inclusion of probes tiled across the entire BAPI gene
locus allowed for the identification of 22 novel BAP1 vari-
ants that were previously unreported in Clinvar, COS-
MIC, Leiden Open Variation Database, and HGMD Pro-
fessional release 2020.2 [29-32]. These novel BAPI vari-
ants include 1 SNV (c.254A>T) and 20 INDELs (online
suppl. Tables 3, 4), most of which were small, with only 1
over 50 bp. One of these novel BAPI deletions (c.729delC)
was identified in 2 primary tumors that were biopsied
from the same patient who experienced growth of a sec-
ond primary tumor 2 years after initial intervention, con-
sistent with intraocular metastasis [33]. All of these novel
BAPI variants were orthogonally validated by Sanger se-
quencing. Thus, we demonstrate the capabilities of this
platform to capture potentially clinically significant mu-
tations that allow for risk stratification and serve as entry
criteria in BAPI targeted therapy clinical trials.

The present study was designed to assess and validate
the processes, methods, and performance of the 7-gene
sequencing panel. While rigorous analytic validation is
essential for establishing the performance characteristics
of any clinically available laboratory developed test, we
recognize that this study is limited in that it did not ex-
amine the correlation between tumor mutations and GEP
results, PRAME results, and/or clinical outcomes. How-
ever, a large, multicenter prospective clinical trial (the
Collaborative Ocular Oncology Group Uveal Melanoma
Validation Study Number 2 or COOG2) is currently un-
derway to evaluate the relationship between GEP,
PRAME, and common driver mutations in UM using this
validated 7-gene panel.

Conclusion

The 7-gene panel is a robust, highly accurate NGS test
that is unique compared to other sequencing tests in that
it can be performed from the same biopsy sample that is
used for GEP and does not require a second biopsy. The
ability to perform mutational profiling of primary UM
tumors in addition to GEP is important as it may aid in
confirming the presence of a melanocytic lesion, poten-
tially better inform therapy selection, and provide addi-
tional layers of prognostic information to help guide pa-
tient management decisions.

Alsina et al.
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