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ABSTRACT

The analysis of circulating tumour DNA (ctDNA) provides a minimally-invasive molecular
interrogation that has the potential to guide treatment selection and disease monitoring. In this study,
we evaluated a custom UltraSEEK melanoma panel for the MassARRAY® system, probing for 61
mutations over 13 genes. We compared the analytical sensitivity and clinical accuracy of the
UltraSEEK melanoma panel to droplet digital PCR (ddPCR). The blinded analysis of 68 mutations
detected in 48 plasma samples from stage IV melanoma patients revealed a concordance of 88%
between the two platforms. Further comparison of both methods for the detection of BRAF V600E
mutations in 77 plasma samples demonstrated a Cohen’s k of 0.826 (BCa 95% CI 0.669-0.946). Our
results indicate that the UltraSEEK melanoma panel is as sensitive as ddPCR for the detection of
ctDNA in this cohort of patients but highlight the need for detected variants to be confirmed
orthogonally to mitigate any false positive results. The MassARRAY system enables rapid and

sensitive genotyping for the detection of multiple melanoma-associated mutations in plasma.
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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 detection of disease status, particularly at times of treatment response or tumour
regrowth . CtDNA levels in plasma have been found to be strongly associated with tumour burden 8
and in particular with metabolic tumour burden !°, and low pre-treatment ctDNA levels are associated

with better overall response rates and longer progression free survival (PFS) 4 7- 11,

Droplet digital PCR (ddPCR) has emerged as one of the most cost effective and sensitive methods for
the analysis of rare copies of mutant ctDNA. However, ddPCR at present only allows for the detection
of one mutation at a time with some multiplex assays available targeting a limited number of specific
hotspot mutations. While next generation sequencing (NGS) can detect mutations from a large breath
of genes from plasma DNA, it is relatively costly, has a slow turnaround time, and requires high input
material and complex bioinformatics platform analysis. Therefore, there is a requirement for a rapid,
sensitive and cost effective assay that comprehensively screens for multiple commonly occurring

mutations in melanoma.

Comprehensive genetic studies of melanomas have provided insights into the mutational landscape of
melanoma, providing potentially important implications for prognosis and therapy '2-14. In particular,
the Cancer Genome Atlas (TCGA) annotation of melanomas define four genetic subclasses, BRAF
mutant, NRAS mutant, NF/ mutant and triple wild-type '4. While most melanomas carry a mutation in

BRAF codon V600 (~50%) or NRAS codons Q61 or G12/13 (~20%), a number of variants need to be
4
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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
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PCR reactions were performed in a 20 pl reaction containing 1x droplet PCR supermix (No dUTP),
and 250 nM of each probe, 900 nM primers and 8 pl of cfDNA. Commercially available and/or
customised probes were used to analyse ctDNA. Previously described custom primer and probe sets
were used for detection of mutation in BRAF 2%- 2! and DPH3 promoter (Calapre et al, submitted).
Droplets were generated and analyzed using the QX200 system (Bio-Rad, Hercules, CA). DdPCR
absolute quantification of mutant alleles and wild-type alleles was estimated by modeling as a Poisson
distribution using the QuantaSoft analysis software v1.6.6 (Bio-Rad). Thresholds were defined based
on the signal from empty droplets, wild-type DNA controls and mutant positive controls, as described
in “Droplet Digital Application Guide” (Bio-Rad). The absolute number of mutant allele per mL of
blood and mutant allele frequency were calculated from the QuantaSoft analysis software v1.6.6

outputs as follows:

Copies/mL plasma = (copies per mL of reaction as per QuantaSoft analysis software v1.6.6 [Bio-Rad])

X (volume of ddPCR reaction) X [(volume eluted/volume of DNA used in reaction)/4mL of plasmal]

Mutant allele frequency= mutant copies/mL of plasma/ (mutant copies/mL of plasma + wild-type

copies/mL of plasma)

Statistical Analysis

Cohen’s kappa (k) coefficient was used to assess agreement between ddPCR and UltraSEEK regarding
the identification of BRAF V600E status (detected vs. undetected), using SPSS v24. Bias-corrected and
accelerated (BCa) confidence intervals (95%CI) for Cohen’s k coefficient were constructed by
bootstrapping, using 1,000 bootstrap replicates. According to Landis and Koch, the following « values
were used for interpretation: poor-to-fair (<0.4), moderate (0.41-0.60), substantial (0.61-0.80) and
almost perfect agreement (0.81-1.00) 22.

RESULTS

A custom UltraSEEK melanoma panel was devised containing 86 assays targeting 61 melanoma-
associated mutations over 13 genes (Supplementary Table 1). We analysed the presence of somatic
mutations in 48 plasma samples from stage IV melanoma patients recruited into liquid biopsy studies
at four different hospitals across Australia. The selected plasma samples were previously screened for
mutations by ddPCR or targeted sequencing. Characteristics of tumour and plasma samples are
described in Supplementary Table 2. UltraSEEK analysis identified 80 mutations in these samples. Of
those, 68 mutations could be compared to ddPCR results revealing concordant results for 60 (88%) of

the mutations (Table 1). There was a significant correlation between the ddPCR mutational frequency
7
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abundance and the UltraSEEK normalised intensity (Pearson’s r=0.7056, p<0.0001) (Figure 1).
Overall, UltraSEEK was able to detect mutations across a broad range of copies/mL of plasma (range

1.4-212,160) and fractional abundances (range 0.1-97.4) as defined by ddPCR analysis (Figure 2).

Three BRAF mutations previously identified by ddPCR in these samples were not detected by the
UltraSEEK panel. This may suggest a limit of detection for some assays in the UltraSEEK panel.
However, when plotted according to their frequency abundance the undetected mutations were neither
at the lowest concentrations or frequency abundances (Figure 2). In one case, P9, a BRAF V600E
mutation was identified by the UltraSEEK panel, while ddPCR indicated the presence of a BRAF
V600K (Table 1, Figure 2). The tumour from this patient also contained a BRAF V600K mutation,
confirming a false positive call by UltraSEEK.

Ten mutations detected by UltraSEEK but not contirmed by ddPCR were the DPH3 promoter 8C>T
(5), CTNNBI S45P (1) and BRAF V600E (4) (Bolded in Table 1). The latter may suggest low-level
false positives or cross contamination with the UltraSEEK assays, as most were detected with minimal

mutant signal intensity.

To further evaluate the specificity and sensitivity of the UltraSEEK melanoma panel, we next tested
49 plasma samples obtained from 20 healthy donors and 29 melanoma patients. Of the 29 melanoma
patients, 22 were indicated to be negative for BRAF mutations in the archival pathology reports, and 7
were BRAF V600OE or V600K positive in their tumour but found negative in the blood sample by
ddPCR. None of the 7 plasmas from the plasma-negative BRAF mutant patients, were scored as
positive by UltraSEEK, indicating the absence of detectable ctDNA in these samples by both
UltraSEEK as well as ddPCR. Six of the 22 BRAF WT samples, were found to carry mutations using
the UltraSEEK panel (Supplementary Table 3). One had a BRAF V600E mutation and one a DPH3
promoter mutation that were not found by ddPCR. Two had NRAS Q61K/DPH3 C>T and NRAS
Q61K/CDKN2A4 R80X mutations that were confirmed by ddPCR. The YAEIDI c39605965G>A
mutation found in sample E40, but was not tested by ddPCR.

To perform unbiased assessment of concordance we compared both methods for the detection of BRAF
V600E in 77 samples that were tested for this mutation in both platforms. We observed a substantial

agreement with a Cohen’s k coefficient 0.826 (BCa 95% CI 0.669-0.946) (Table 2).

We next analysed longitudinally collected plasma from three melanoma patients treated with PD-1

inhibitors (pembrolizumab or nivolumab). Figure 3 shows that the normalised intensities for BRAF
8
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V600E detected by UltraSEEK (right y-axis) correlated with copies by ddPCR (left axis), and with
changes in disease status, declining with ongoing response to treatment and rising upon disease
progression. These results demonstrate that the panel could potentially be utilised for non-invasive

disease monitoring.

DISCUSSION

Advancements in ultrasensitive genotyping methods have created great interest in the application of
somatic mutation detection from plasma DNA as a “liquid biopsy” for individualized patient
management 23, In the absence of a patient’s tumour genotype, there is a need to accurately screen for
multiple mutations from a blood sample at low mutant abundance and with small amounts of DNA

input.

Here we assessed a comprehensive UltraSEEK panel specifically designed for the detection of
melanoma-associated mutations. Samples analysed in the study were known to carry mutations in
plasma by ddPCR but were blinded in the UltraSEEK analysis, including a set of 20 healthy control

samples used for assessment of specificity.

The UltraSEEK Oncogene Panel assay uses a mass spectrometer for detection, and does not require
the accessory equipment and support often needed with NGS-derived data. However, it is still able to
interrogate multiple informative variants within a single reaction. The UltraSEEK chemistry is
amenable to a manual workflow, but is also compatible with high-throughput processes using various
automated liquid dispensing platforms. UltraSEEK differs from similar biochemistries in that it
enriches the minor alleles by probing them specifically in a post-PCR primer extension step that omits
the wild-type allele 24, For this reason, UltraSEEK can only provide semi-quantitative measurement of
the mutant allele. In comparison, methods like ddPCR provide absolute quantification of copies per

volume of plasma of the mutant allele.

We made use of Cohen’s kappa coefficient to compare both methodologies. The Cohen’s kappa
coefficient represents a considerable improvement over percent agreement calculations as the « statistic
provides a quantitative measure of agreement that has been adjusted for the degree of agreement
expected solely on the basis of chance . In addition, we use the k coefficients with bias-corrected and
accelerated 95%Cls, which automatically adjusts for bias and skewness in the bootstrap distribution 2°.
We only analysed BRAF mutation for this comparison for two reasons: all samples were analysed for
BRAF mutations in both assays and, secondly, many of the discordant results between the two

platforms were observed in BRAF V600E mutations.
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While no healthy donor samples were found to contain melanoma associated mutations, multiple
melanoma samples were found to have mutations that were not confirmed by ddPCR. Given this
potential for false positives in the current assay design, we would recommend any putative mutations
detected by this assay to be confirmed using an orthogonal method, e.g. ddPCR or samples could be
run in duplicate reactions. Moreover, we performed this study at the time when the panel was still being
optimised by Agena Bioscience. A new version of the UltraSEEK panel is now available aiming to

provide better specificity and sensitivity across all mutations.

In addition to the UltraSEEK panel performance, the observed discordant results may be attributed to
the handling of the samples during shipment between laboratories and to differences between sample
processing, as in some cases a separate plasma aliquot from the same blood collection time point was
extracted to analyse by ddPCR. However, no specific event was identified to explain the discordant
results (Supplementary Table 2), as all three samples where UltraSEEK failed to detect the BRAF
V600E mutations were processed within 2 hours. Pre-analytical variables may have potentially
confounded the concordance of the results in this study, e.g. freeze-thawing of the same sample tested
leading to potential degradation. Our results therefore highlight that proper quality control assessment
of a plasma DNA sample is warranted to ensure that the optimal amount of template and integrity of a

sample is acceptable before testing.

While the screening of mutations in the 7ERT promoter were not possible in this current assay due to
the GC richness of this loci, other highly recurrent promoter mutations were included in the panel
including DPH3 and RPS27, allowing serial mutation tracking in patients who are BRAF/NRAS
wildtype. The panel can also be useful in the detection of resistance to mitogen-activated protein kinase

inhibitors, e.g. NRAS mutations as highlighted in patient P16.
In conclusion, our results indicate that the UltraSEEK melanoma panel is as sensitive as droplet digital

PCR for the detection of ctDNA. This highly multiplexed assay allows for rapid and sensitive screening

for the detection of multiple melanoma-associated mutations in plasma.

10
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Table 1. Comparison of mutations identified by UltraSEEK and droplet digital PCR analysis

. ) ddPCR UltraSEEK ) ) ddPCR UltraSEEK
Patient Mutation Patient Mutation
copies/ml FA*  Normint* copies/ml FA*  Normint*

P1 BRAF V600K * 6518.8 73.8 1.21 E11 BRAF V600E2* 20.0 0.8 0.11
P3 BRAF V600K * 5024.0 45.9 1.09 DPH3 c16306504C>T 0.0 0.0 0.12
IDH1 R132C NT NT 0.16 RAC1 P29S 6.8 0.2 0.16
P4 BRAF V600E* 63.0 2.4 0.33 E12 BRAF V600E* 6.8 0.6 0.10
P5 BRAF V600E* 268.0 3.4 1.13 IDH1 R132H 1.4 0.1 0.31
P7 BRAF V600R* 2506.0 75.0 0.26 E13 BRAF V600E* 56.0 8.3 1.86
IDH1 R132C NT NT 0.27 E14 BRAF V600OE™* 18.0 0.7 0.31
YAE1D1 c39605969G>A NT NT 1.28 BRAF V600E2 TG>AA 0.0 0.0 1.46
P9 BRAF V600K * 95.5 1.6 ND E15 BRAF V600E* 16.0 0.5 0.06
BRAF V600E 0.0 0.0 2.59 E16 BRAF V60OR* 602.0 5.7 1.03
P10 BRAF V600E* 1527.0 16.3 2.59 E17 BRAF V600OE* 971.1 23.1 2.95
CDKN2A R80X 1020.0 18.8 2.48 E18 KIT L576P 342.0 12.4 3.28
P11 BRAF V600K * 206.0 11.5 0.39 E19 KIT V559A* 13.0 1.2 0.30
CDKN2A R80X 176.0 14.3 2.29 E21 DPH3 c16306504C>T 0.0 0.0 0.14
SDHD ¢c111957523C>T NT NT 1.21 E23 NRAS Q61K* 382 5.4 0.98
P12 CTNNB1 S45P 0.0 0.0 0.44 DPH3 c16306504C>T 36.0 2.0 1.11
P15 NRAS Q61K* 99.0 13.0 1.23 E24 NRAS Q61K* 9900 40 3.02
DPH3 c16306504C>T 128.0 1.7 0.99 CDKN2A R80X 1396.0 14.0 3.82
IDH1 R132C NT NT 0.22 BRAF V600E 0.0 0.0 0.22
P16 BRAF V600E* 4265.3 28.9 3.39 02 BRAF V600E* 26.0 1.3 ND
NRAS Q61K 57.4 1.58 DPH3 c16306504C>T NT NT 0.50
P33 BRAF K601E* 224.0 0.5 0.40 03 CTNNB1 S45P NT NT 0.18
P35 NRAS G13R* 63.0 0.5 0.24 DPH3 c16306504C>T 0.0 0.0 1.17
P37 BRAF V600K * 67.0 0.8 0.20 RAC1 P29S 1943.0 8.5 1.60
P38 BRAF V600K * 1018.0 5.3 0.30 04 CTNNB1 S45F NT NT 0.54
P39 BRAF V600E* 0.0 0.0 0.29 DPH3 c16306504C>T 1.3 0.1 0.30
RQCD1 P131L NT NT 0.29 RPS27 c238CtoT 11.0 1.4 0.54
P40 NRAS Q61K* 127.0 3.1 0.69 06 NRAS G12D 538.0 1.7 1.15
El BRAF V600E* 5.4 0.5 0.10 09 BRAF V600E* 88 2.0 0.20
BRAF K601E NT NT 0.47 DPH3 c16306504C>T 25 1.3 0.20
E2 BRAF V600E* 126.0 3.1 0.83 010 BRAF V600E™* 38 1.8 0.20
E3 BRAF V600E* 100.0 2.1 0.62 DPH3 c16306504C>T 0 0.0 1.20
BRAF K601E NT NT 0.51 0o11 BRAF V600E* 276 8.4 0.90
E4 BRAF V600E* 4.8 0.3 0.14 DPH3 c16306504C>T 5 2.9 1.50
E5 BRAF V600E* 24.0 0.4 0.26 012 BRAF V600E* 391 15.2 2.80
E6 NRAS Q61K* 318.0 10.0 1.37 DPH3 c16306504C>T 3 2.5 1.60
DPH3 c16306504C>T 26.0 1.7 1.51 013 BRAF V600E* 91 2.5 0.40
E7 BRAF V600E* 11.0 0.4 0.29 DPH3 c16306504C>T 2 0.7 0.40
E8 BRAF V600E* 2380.0 31.5 3.38 014 BRAF V600E* 33 1.3 ND
DPH3 c16306504C>T 260.0 18.1 2.81 DPH3 c16306504C>T 0 0.0 0.40
E9 BRAF V600E* 202.0 3.1 1.00 015 BRAF V600E* 26 1.3 ND
E10 BRAF V600R* 212160.0 97.4 0.45 DPH3 c16306504C>T 0 0.0 0.30
CDKN2A R80X NT NT 2.76 016 BRAF V600E* 219 5.6 0.60
DPH3 c16306504C>T 1960.0 32.8 2.19 DPH3 c16306504C>T 8 1.2 1.00

MAP2K1 P124S* 31300.0 12.3 1.52

RAC1 P29S* 17420.0 62.2 2.62

Red coloured cells indicate discordant results. FA: frequency abundance of mutant copies relative to wild-type
DNA. NormlInt: Normalised intensity. NT: Not tested. *Mutation identified in FFPE tumour tissue.
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Table 2. BRAF mutation detection concordance between platforms.

ddPCR
Total
Undetected Detected
Count 48 3 51
Undetected
Expected Count 33.8 17.2 51.0
UltraSEEK
Count 3 23 26
Detected

Expected Count 17.2 8.8 26.0

Count 51 26 77

Total

Expected Count 51.0 26.0 77.0
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Figure Legends:

Figure 1: Correlation between ddPCR and UltraSEEK MassARRAY mutation detection in
plasma c¢fDNA. Correlation between log transformed ddPCR mutational frequency abundance and
UltraSEEK. Normalised Intensity of 59 mutations identified by both methods. Pearson r and correlation
p-value are indicated. NormlInt: Normalised intensity, ddPCR MAF: Droplet digital PCR mutant allele

fraction

Figure 2: Range of copies/ml and frequency abundance by ddPCR of mutations in the plasmas

analysed using MassArray UltraSEEK. Red asterisks indicate samples not detected by UltraSEEK.

Figure 3: Longitudinal measurements of plasma ctDNA by ddPCR and UltraSEEK in 3
melanoma patients treated with PD-1/PDL-1 inhibitors. All three cases were tested for mutation
BRAF V600E as a measurement of ctDNA quantity. Therapies are indicated by coloured boxes: blue
— pembrolizumab, yellow- dabrafenib/trametinib (D+T), green- nivolumab. Disease statuses by
radiological imaging are indicated by arrows and labelled as PR: partial response, SD: stable disease,

MR: mixed response or PD: progressive disease.
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Supplementary Table 1: Mutations targeted on the Melanoma MassArray UltraSeek Panel

Assay_ID Variant iig:yndant LOD
BRAF_c1779TtoG-f1_PIxG BRAF_D594N_TG>GA

BRAF_c1780GtoA-r1_PIXT BRAF_D594N

BRAF_c1780GtoC-f1_PIxC BRAF_D594H Y
BRAF_c1780GtoC-r1_PIxG BRAF_D594H

BRAF_c1781AtoT-f1_PIxT BRAF_D594V

BRAF_c1782TtoA-r1_PIxT BRAF_D594E

BRAF_c1798GtoA-r1_PIXT BRAF_V600M

BRAF_c1798GtoA-r2_PIXT BRAF_V600K

BRAF_c1799TtoA-r1_PIxT BRAF_V600E Y 0.1%
BRAF_c1799TtoA-r2_PIxT BRAF_V600E Y 0.1%
BRAF_c1799TtoG-f1_PIxG BRAF_V600G Y 0.5%
BRAF_c1799TtoG-f2_PIxG BRAF_V600R_GT>AG 0.5%
BRAF_c1799TtoG-r1_PIxC BRAF_V600G 1.0%
BRAF_c1799TtoG-r2_PIxC BRAF_V600G Y 0.1%
BRAF_c1800GtoA-r1_PIXT BRAF_V600E_TG>AA

BRAF_c1800GtoT-f1_PIxT BRAF_V600D_TG>AT

BRAF_c1801AtoG-r1_PIxC BRAF_K601E Y
BRAF_c1801AtoG-r2_PIxC BRAF_K601E Y
CDKN2A_c238CtoT-f1_PIxT CDKN2A_R80X Y
CDKN2A_c238CtoT-f2_PIXT CDKN2A_R80X Y
CTNNB1_c110CtoA-r1_PIXT CTNNB1_S37Y

CTNNB1_c133TtoC-f1_PIxC CTNNB1_S45P

CTNNB1_c134CtoA-r1_PLxT CTNNB1_S45Y

CTNNB1_c134CtoT-f1_PIXT CTNNB1_S45F

DPH3_c16306504CtoT-f1_PIxT DPH3_MUT

DPH3_c16306505CtoT-f1_PIxT DPH3_MUT

IDH1_c394CtoT-f1_PIXT IDH1_R132C Y
IDH1_c394CtoT-f2_PIxT IDH1_R132C Y
IDH1_c395GtoA-r1_PIxT IDH1_R132H Y 0.2%
IDH1_c395GtoA-r2_PIxT IDH1_R132H Y 0.1%
KIT_c1669TtoA-r1_PIXT KIT_W557R Y
KIT_c1669TtoA-r2_PIXT KIT_W557R Y
KIT_c1676TtoA-r1_PIxT KIT_V559D

KIT_c1676TtoC-f1_PIxC KIT_V559A Y
KIT_c1676TtoC-f2_PIxC KIT_V559A Y
KIT_c1676TtoC-r1_PIxG KIT_V559A Y
KIT_c1727TtoC-f1_PIxC KIT_L576P Y
KIT_c1727TtoC-f2_PIxC KIT_L576P Y
KIT_c1924AtoG-r1_PIxC KIT_K642E

KIT_c2446GtoC-r1_PIxG KIT_D816H

KIT_c2447AtoT-f1_PIxT KIT_D816V

MAP2K1_c1144AtoC-f1_PIxC MAP2K1_N382H Y




Redundant

SNP_ID EXT_CALL Assay LOD
MAP2K1_c1144AtoC-r1_PIxG MAP2K1_N382H Y
MAP2K1_c157TtoC-f1_PIxC MAP2K1_F53L Y
MAP2K1_c157TtoC-f2_PIxC MAP2K1_F53L Y
MAP2K1_c332TtoG-f1_PIxG MAP2K1_1111S Y
MAP2K1_c332TtoG-r1_PIxC MAP2K1_1111S Y
MAP2K1_c362GtoC-f1_PIxC MAP2K1_C121S Y
MAP2K1_c362GtoC-f2_PIxC MAP2K1_C121S Y
MAP2K1_c370CtoT-f1_PIxT MAP2K1_P124S Y
MAP2K1_c370CtoT-f2_PIXT MAP2K1_P124S Y
MAP2K1_c607GtoA-r1_PIXT MAP2K1_E203K Y
MAP2K1_c607GtoA-r2_PIXT MAP2K1_E203K Y
MAP2K1_c790CtoT-f1_PIXT MAP2K1_P264S

NRAS_c181CtoA-r1_PIxT NRAS_Q61K Y 0.1%
NRAS_c181CtoA-r2_PIxT NRAS_Q61K Y 0.1%
NRAS_c181CtoG-f1_PIxG NRAS_Q61E Y
NRAS_c181CtoG-r1_PIxC NRAS_Q61E Y
NRAS_c182AtoC-f1_PIxC NRAS_Q61P

NRAS_c182AtoG-r1_PIxC NRAS_Q61R 0.1%
NRAS_c182AtoT-f1_PIxT NRAS_Qé61L 0.1%
NRAS_c183AtoC-r1_PIxG NRAS_Q61H

NRAS_c183AtoG-r1_PIxC NRAS_Q61RL Y
NRAS_c183AtoG-r2_PIxC NRAS_Q61RL Y
NRAS_c183AtoT-f1_PIxT NRAS_Q61H Y 0.1%
NRAS_c183AtoT-f2_PIxT NRAS_Qé61H Y 0.2%
NRAS_c34GtoA-r1_PIxT NRAS_G12S

NRAS_c34GtoC-f1_PIxC NRAS_G12R

NRAS_c34GtoT-f1_PIXT NRAS_G12C

NRAS_c35GtoA-r1_PIXT NRAS_G12D

NRAS_c35GtoC-f1_PIxC NRAS_G12A

NRAS_c35GtoT-f1_PIXT NRAS_G12V 0.5%
NRAS_c37GtoC-f1_PIxC NRAS_G13R Y
NRAS_c37GtoC-r1_PIxG NRAS_G13R

NRAS_c37GtoT-f1_PIXT NRAS_G13C

NRAS_c38GtoA-r1_PIxT NRAS_G13D 0.1%
NRAS_c38GtoC-r1_PIxG NRAS_G13A

NRAS_c38GtoT-f1_PIXT NRAS_G13V

RAC1_c85CtoT-f1_PIXT RAC1_P29S

RPS27_c238CtoT-f1_PIxT

RPS27_UTR_MUT

RQCD1_c392CtoT-f1_PIXT

RQCD1_P131L

SDHD_c111957523-f1_PIxT SDHD_MUT
SDHD_c111957541CtoT-f1_PIXT SDHD_MUT
SDHD_c111957544CtoT-f1_PIxT SDHD_MUT
YAE1D1_c39605965GtoA-r1_PIxT YAE1D1_MUT
YAE1D1_c39605969GtoA-r1_PIxT YAE1D1_MUT




Assay_|ID: Assays used for detection of specific mutation. -f1,-f2: represents a forward
directional assay (taking the direction the gene is transcribed into account) with the
numbers representing redundancy in that direction for that assay. -r1, -r2, is the same
but for reverse sequence.

Variant: Amino acid change identified by the probe. Cases where the change is mediated
by two nucleotide changes are indicated.

LOD: Limit of detection calculated using Horizon Controls.
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Supplementary Table 3: Extended comparison of UltraSEEK and ddPCR for specificity assessment

Mutation detected by ddPCR
ID HC or BRAF status UltraSEEK Normint copies/ml FA

E20 BRAF WT ND
E21 BRAF WT ND
E22 BRAF WT ND
E23 BRAF WT DPH3 c16306504C>T 0.14 0 0
E24 BRAF WT ND
E25 BRAF WT ND
E26 BRAF WT ND
E27 BRAF WT ND
E28 BRAF WT ND
E29 BRAFWT ND
E30 BRAF WT ND

NRAS Q61K 0.98 382 54
E31 BRAFWT DPH3 c16306504C>T 1.11 36.0 2.0
E32 BRAF WT
E33 BRAF WT

NRAS Q61K 3.02 9900 40
E34 BRAFWT CDKN2A R80X 3.82 1396.0 14.0
E35 BRAF WT ND
E36 BRAF WT ND
E37 BRAF WT ND
E38 BRAF WT ND
E39 BRAF WT BRAF V600E 0.39 0 0
E40 BRAF WT YAE1D1_c39605965G>A 0.34 NT NT
E41 BRAF WT ND
E42 BRAF V600E ND
E43 BRAF V600E ND
E44 BRAF V600K ND
E45 BRAF V600E ND
E46 BRAF V600E ND
E47 BRAF V600E ND
E48 BRAF V600E ND




Supplementary Table 3: Extended comparison of UltraSEEK and ddPCR for specificity
assessment (cont)

ID HC or BRAF status Mutation Norm . ddPCR
copies/ml FA
E49 HC ND
E50 HC ND
E51 HC ND
E52 HC ND
E53 HC ND
E54 HC ND
E55 HC ND
E56 HC ND
E57 HC ND
E58 HC ND
E59 HC ND
E60 HC ND
E61 HC ND
E62 HC ND
E63 HC ND
E64 HC ND
E65 HC ND
E66 HC ND
E67 HC ND
E68 HC ND

Normint: Normalised intensity. FA: frequency abundance of mutant copies relative to wild-type
DNA. ND: Not detected. HC: Healthy Control. NT: Not tested
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