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INTRODUCTION

Though comprising less than 2% of skin cancers, melanoma is responsible for the largest number of
skin cancer—related deaths. Advances in targeted therapies and immune checkpoint inhibitors have
revolutionised treatment in the metastatic setting '-3. Despite significant improvement in overall
survival (OS), most patients on targeted therapies develop drug resistance within 12 months and
immunotherapies are only effective in some patients 3. Currently, radiological analysis and existing
disease monitoring biomarkers (mainly LDH levels) are inadequate for guiding treatment selection,
tracking response kinetics and the detection of emerging treatment resistance. Melanoma patients
would benefit from a sensitive personalised test to monitor disease that can complement current

therapies to melanoma.

Cell free DNA (cfDNA) are fragments of DNA shed into the bloodstream during cellular turnover, and
in the case of tumour cells, the released DNA is referred to as circulating tumour DNA (ctDNA), which
can be distinguished from normal cfDNA by the detection of tumour associated somatic mutations.
Analysis of ctDNA offers the potential of a non-invasive method for identification of melanoma
patients for molecularly based targeted therapies # 5. In addition, ctDNA is emerging as a promising

biomarker for early
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assessed for each position. NF'I mutations are distributed across the whole gene with no defined hotspot
mutations, making it difficult for targeted screening for somatic mutations !3. Thus, other commonly
mutated sites need to be targeted for ctDNA monitoring of NFI and triple-WT melanomas. For
example, other melanoma associated mutations such as those in the DPH3 promoter '3, TERT promoter
16/ RPS27 UTR 7 and RACI ' 9 amongst others provide alternatives for ctDNA monitoring in
BRAF/NRAS wild type melanomas.

Here we evaluated 48 plasma samples from metastatic melanoma patients for mutations using a custom
UltraSEEK melanoma panel on the MassARRAY system. This test allows analysis of 61 mutations
over 13 genes within a single reaction. To determine the accuracy of the assay, results were compared

to mutations identified in the same plasma samples by ddPCR.

MATERIALS AND METHODS

Plasma sample preparation and DNA extraction

Blood samples were collected from stage IV melanoma patients enrolled at the Sir Charles Gairdner
Hospital and Fiona Stanley Hospital in Perth, Western Australia, the Olivia Newton-John Cancer
Wellness & Research Centre (ONJCWRC) and the Peter MacCallum Cancer Centre in Melbourne,
Victoria. Written informed consent was obtained from all patients under approved Human Research
Ethics Committee protocols from Edith Cowan University (No. 11543), Sir Charles Gairdner Hospital
(No. 2007-123), Peter MacCallum Cancer Centre (PMCC: 11/105) and Austin Hospital
(HREC/14/Austin/425), with all methods performed in accordance with the relevant ethical
guidelines and regulations of the Australian National Health and Medical Research Council. All
tumour and plasma samples from the ONJCWRC were collected from patients as part of the
Melbourne Melanoma Project. All tumour and plasma samples from the Peter MacCallum Cancer

Centre were collected from patients as part of the Melanoma Biomarkers Study 8.

Blood was collected into EDTA vacutainer tubes or BCT tubes (Streck, La Vista, NE) and stored at
4°C until processing. Plasma was separated within 24 hours by centrifugation at 1600 g for 10 minutes,
followed by a second centrifugation at 2000 g for 10 minutes, and then stored at -80°C until extraction.
Cell free DNA (cfDNA) was isolated from between 2 to 5 mL of plasma using the QlAamp Circulating
Nucleic Acid Kit (Qiagen, Hilden, Germany) as per the manufacturer’s instructions and stored at -80°C

until ctDNA quantification.
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UltraSEEK Melanoma Panel

PCR was performed using 10 ng cfDNA in a single PCR reaction according to manufacturer’s
instructions (Agena Bioscience, San Diego, CA). Reactions were incubated initially at 94°C for 2 min.
Forty-five cycles of PCR were performed at 94°C for 30 s, 56°C for 30 s, and 72°C for 1min. The PCR
was completed with a final incubation of 5 minutes at 72°C. Thermocycling and incubation were
performed in a Veriti Thermal Cycler (Thermo Fisher Scientific, Waltham, MA). Amplified products
(70 pL) were treated with shrimp alkaline phosphatase for 40 minutes at 37°C, followed by
denaturation for 5 minutes at 85°C. Single-base extension with biotinylated chain terminator
nucleotides specific to the mutant allele was performed at 94°C for 30 s, followed by 40 cycles at 94°C
for 5 s with five nested cycles of 52°C for 5 s, then 80°C for 5 s and incubation at 72°C for 3 min.
Streptavidin-coated magnetic beads were used to capture the single base extended oligonucleotides.
Beads with captured products were pelleted using a magnet and, suspended with 13mL of biotin
competition solution, and incubated at 95°C for 5 minutes. Eluted products were conditioned with 2puL
(2 mg) of anion exchange resin slurry. Finally, the analyte was dispensed onto a SpectroCHIP Array
solid support using a MassARRAY RS1000 Nano-dispenser. Data were acquired via matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry using the MassARRAY Analyzer. Data
analysis were performed using Typer software version 4.0.26.74 (Agena Bioscience, San Diego, CA).
Normalised intensity (NormInt) was calculated of the signal intensity of the mutant allele which has
been normalised against the capture control peaks found in the spectrum. A value of one means the
peak intensity of the observed mutant allele is equal to the peak intensity of the average of the 5 capture
control peaks found in the spectrum. The capture control peaks are biotin labelled, non-reactive oligos,
which are added to the extension reaction and used as an internal control for the streptavidin bead

capture and elution of the mutant extension product steps.

Analytical Sensitivity and Specificity

The UltraSEEK Melanoma Panel assay validation used a model system developed to simulate samples
harboring low frequency somatic mutations. Wild-type DNA (Coriell Cell Repositories, Camden, NJ)
was spiked with different amounts of characterised cell lines (Horizon Diagnostics, Cambridge, UK)
harbouring engineered mutations (Supplementary Table 1). The mixtures represented a 0.1%, 0.2%,
0.5% and a 1% mutant allele frequency, while keeping the total number of DNA molecules constant.
Each dilution was analysed in four replicates. Each cell line harbouring a mutation for a specific assay

was considered wild-type for all other assays in the multiplex.

Droplet digital PCR



