Supplementary Material

A total of 4 ng of the extracted DNA was preamplified in a final volume of 25 µL of the reaction mixture, containing 12.5 µl of Taqman universal PCR Mastermix No Amperase UNG (Life Technologies, Carlsbad, CA) and 0.25 µl of the primer/probe mixture (the details are indicated in Supplementary Table 3). Thermal cycling was performed according to the manufacturer’s instructions as follows: 10 min at 95°C; then 12 cycles at 60°C for 4 min; 15s at 95°C; and a final cooling step at 12°C. The dPCR was run in a final volume of 15 µL on a chip including 7.5 µL of 2X QuantStudioTM 3D Digital PCR Master Mix (Life Technologies, Carlsbad, CA), 0.75 µL of the primer/probe mixture (the details are indicated in Supplementary Table 4) and 6.75 µL of diluted DNA. The total copy number was systematically comprised of between 200 and 2000 copies/µL per chip according to the manufacturer instructions. Thermal cycling was performed according to the manufacturer’s instructions as follows: 10 min at 96°C; then 40 cycles at 56°C for 2 min; 30s at 98°C; and a final elongation step of 2 min at 60°C. The results were interpreted according to the background noise of each dPCR assay, which was determined using the DNA extracted from 4 healthy control plasma samples. The limit of detection (LOD) was calculated for each mutation by the mean of the mutant allelic frequency (MAF; i.e. percent of total cfDNA concentration) of 4 controls + 1.645 standard deviation (See Supplementary Table 5 for LOD of each mutation). The ctDNA results were expressed as the MAF.

Supplementary Table 1. Details of sequences concerning primer/probe mixture for preamplification reaction according to the type of mutations
	Custom preamplification design
	
	

	Gene
	Mutation
	Foward primer sequence
	Reverse primer sequence

	KRAS
	c.34G>A, c.34G>T, c.35G>A, c.35G>C, c.35G>T, c.37G>T, c.38G>A
	AGGCCTGCTGAAAATGACTGAATAT
	GCTGTATCGTCAAGGCACTCTT

	KRAS
	c.436G>A
	AAAACAGGCTCAGGACTTAGCAA
	TGTATTTATTTCAGTGTTACTTACCTGTCTTG

	KRAS
	c.437 C>T
	CAGGCTCAGGACTTAGCAAGAAG
	CAAGACAGGTAAGTAACACTGAAATAAATACA

	NRAS
	c.NRAS 37G>C
	TTGCTGGTGTGAAATGACTGAGT
	CAATCCAGCTAATCCAGAACCAC

	NRAS
	c.NRAS 182A>G
	GGTGAAACCTGTTTGTTGGACAT
	ACAGTGCCATGAGAGACCAATACA

	
	
	
	

	
	
	
	

	Custom TaqMan® SNP Genotyping Assays
	
	

	 
	Mutation
	sequence context
	

	KRAS
	c.183A>C
	GGTCCCTCATTGCACTGTACTCCTC[T/G]TGACCTGCTGTGTCGAGAATATCCA
	

	KRAS
	c.351A>T
	TACCTATGGTCCTAGTAGGAAATAA[A/T]TGTGATTTGCCTTCTAGAACAGTAG
	

	NRAS
	c.181C>A
	GTTGGACATACTGGATACAGCTGGA[C/A]AAGAAGAGTACAGTGCCATGAGAGA
	

	NRAS
	c.182A>T
	TTGGACATACTGGATACAGCTGGAC[A/T]AGAAGAGTACAGTGCCATGAGAGAC
	

	BRAF
	c.1799T>A
	ATGGGACCCACTCCATCGAGATTTC[A/T]CTGTAGCTAGACCAAAATCACCTAT
	


Supplementary Table 2. Details of sequences concerning primer/probe mixture for dPCR according to the type of mutations
	Custom design
	
	
	
	

	Gene
	Mutation
	Foward primer sequence
	Reverse primer sequence
	wild-type probe sequence
	mutant probe sequence

	KRAS
	c.34G>T
	AGGCCTGCTGAAAATGACTGAATAT
	GCTGTATCGTCAAGGCACTCTT
	CCTACGCCACCAGCT
	CTACGCCACAAGCT

	KRAS
	c.35G>A
	AGGCCTGCTGAAAATGACTGAATAT
	GCTGTATCGTCAAGGCACTCTT
	TTGGAGCTGGTGGCGT
	TGGAGCTGATGGCGT

	KRAS
	c.35G>T
	AGGCCTGCTGAAAATGACTGAATAT
	GCTGTATCGTCAAGGCACTCTT
	CTACGCCACCAGCTC
	ACGCCAACAGCTC

	KRAS
	c.38G>A
	AGGCCTGCTGAAAATGACTGAATAT
	GCTGTATCGTCAAGGCACTCT
	TGGTGGCGTAGGCA
	CTGGTGACGTAGGCA

	KRAS
	c.436G>A
	AAAACAGGCTCAGGACTTAGCAA
	TGTATTTATTTCAGTGTTACTTACCTGTCTTG
	TGAAACATCAGCAAAG
	CTTTTATTGAAACATCAACA

	KRAS
	c.437 C>T
	CAGGCTCAGGACTTAGCAAGAAG
	CAAGACAGGTAAGTAACACTGAAATAAATACA
	TGAAACATCAGCAAAG
	TATTGAAACATCAGCAAAG

	NRAS
	c.37G>C
	TTGCTGGTGTGAAATGACTGAGT
	CAATCCAGCTAATCCAGAACCAC
	TTGGAGCAGGTGGTGT
	AGCAGGTGGTGTTGG

	NRAS
	c.182A>G
	GGTGAAACCTGTTTGTTGGACAT
	ACAGTGCCATGAGAGACCAATACA
	CAGCTGGACAAGAA
	ATACAGCTGGACAAGAA

	Custom TaqMan® SNP Genotyping Assays
	
	
	

	Gene
	Mutation
	sequence context
	
	
	

	KRAS
	c.34G>A
	GTCAAGGCACTCTTGCCTACGCCAC[C/T]AGCTCCAACTACCACAAGTTTATAT
	
	
	

	KRAS
	c.35G>C
	CGTCAAGGCACTCTTGCCTACGCCA[C/G]CAGCTCCAACTACCACAAGTTTATA
	
	
	

	KRAS
	c.37G>T
	ATCGTCAAGGCACTCTTGCCTACGC[C/A]ACCAGCTCCAACTACCACAAGTTTA
	
	
	

	KRAS
	c.183A>C
	GGTCCCTCATTGCACTGTACTCCTC[T/G]TGACCTGCTGTGTCGAGAATATCCA
	
	
	

	KRAS
	c.351A>T
	TACCTATGGTCCTAGTAGGAAATAA[A/T]TGTGATTTGCCTTCTAGAACAGTAG
	
	
	

	NRAS
	c.181C>A
	GTTGGACATACTGGATACAGCTGGA[C/A]AAGAAGAGTACAGTGCCATGAGAGA
	
	
	

	NRAS
	c.182A>T
	TTGGACATACTGGATACAGCTGGAC[A/T]AGAAGAGTACAGTGCCATGAGAGAC
	
	
	

	BRAF
	c.1799T>A
	ATGGGACCCACTCCATCGAGATTTC[A/T]CTGTAGCTAGACCAAAATCACCTAT
	
	
	


Supplementary Table 3. Limit of detection and results of ctDNA detection according to the type of mutations

	Gene
	Mutation
	LOD (MAF, %)
	patients with RAS or BRAF tumour mutation  and available plasma
	patients with ctDNA+
	ctDNA baseline detection rate (n (%))

	KRAS
	c.34G>A
	0.01
	3
	3
	100

	KRAS
	c.34G>T
	0.07
	7
	7
	100

	KRAS
	c.35G>A
	0.12
	25
	21
	84

	KRAS
	c.35G>C
	0.01
	3
	3
	100

	KRAS
	c.35G>T
	0.07
	10
	9
	90

	KRAS
	c.37G>T
	0.02
	1
	1
	100

	KRAS
	c.38G>A
	0.08
	15
	15
	100

	KRAS
	c.183A>C
	0
	2
	2
	100

	KRAS
	c.351A>T
	0.07
	1
	1
	100

	KRAS
	c.436G>A
	0.18
	6
	5
	83.3

	KRAS
	c.437 C>T
	0.28
	2
	1
	50

	NRAS
	c.37G>C
	0.03
	1
	1
	100

	NRAS
	c.181C>A
	0.01
	1
	1
	100

	NRAS
	c.182A>T
	0.09
	1
	1
	100

	NRAS
	c.182A>G
	0.6
	2
	2
	100

	BRAF
	c.1799T>A
	0
	9
	9
	100

	total
	 
	 
	89
	82
	92.1


Supplementary Table 4. Type of treatment received at the start of the study.

	Protocols
	number of patients
	CEA kinetic slope >0.05 (n)
	CEA kinetic slope not available

	Subgroup 1

     FOLFIRI/FOLFOX
	48 (27/2)
	8 (4/4)
	5 (3/2)

	Subgroup 2

     (FOLFIRI/FOLFOX)+BEVACIZUMAB
	67 (56/11)
	7 (6/1)
	9 (9/0)

	Others
	
	
	

	     LV5FU±BEVACIZUMAB (-/+)
	14 (10/4)
	2 (2/0)
	5 (3/2)

	     CAPECITABINE±BEVACIZUMAB (-/+)
	7 (1/6)
	3 (0/3)
	1 (1/0)

	     CAPECITABINE+OXALIPLATIN
	2
	0
	1

	     CAPECITABINE+IRINOTECAN±BEVACIZUMAB (-/+)
	4 (2/2)
	1 (1/0)
	0

	    (FOLFIRI/FOLFOX)+ANTI-EGFR
	22 (16/6)
	0
	5 (3/2)

	     RALTITREXED± OXALIPLATIN
	4 (1/3)
	1 (0/1)
	2 (1/1)

	     PANITUMUMAB
	6
	0
	3

	     IRINOTECAN+CETUXIMAB
	1
	0
	0

	     FOLFOXIRI± ANTI-EGFR or BEVACIZUMAB
	16 (12/2/2)
	3 (1/1/1)
	1 (1/0/0)

	     ND
	1
	0
	1

	Total
	192
	25
	33


Supplementary Table 5. Correlations between baseline biomarker value and patient characteristics.
	
	Frequency
	CEA (ng/mL)

Median
	CA19.9 (UI/mL)

Median
	cfDNA (ng/mL)

Median
	ctDNA (%)

Median
	CTC (units/mL)

Median

	Sex (pvalue)
	
	0.62
	0.34
	0.85
	0.18
	0.45


	  Male
	108
	80.5
	96
	24.2
	10.8
	2.5

	  Female
	84
	100
	82
	24.6
	20
	3

	PS (pvalue)
	
	0.11
	0.11
	0.02
	0.1
	0.95

	  0
	88
	81
	68
	21.4
	8.4
	3

	  ≥ 1
	91
	122
	110
	35.5
	22.5
	3

	Line of CT (pvalue)
	
	0.20
	0.07
	0.06
	0.03
	0.07

	  First-line
	134
	106
	113
	29.4
	22.5
	3

	  ≥ 2nd lines
	58
	71.6
	63 
	22.1
	6.2
	2

	No. of metastatic sites (pvalue)
	
	0.47
	0.57
	0.95
	0.57
	0.49

	  1
	91
	81
	78
	26
	12.2
	3

	  ≥ 2
	101
	106
	104
	24.2
	16.9
	2

	Metastasis (pvalue)
	
	0.02
	0.005
	0.002
	0.04
	0.71

	  Metachronous
	59
	53
	53
	19.9
	6.6
	3

	  Synchronous
	133
	128
	124
	32.2
	21.8
	2

	Tumor location (pvalue)
	
	0.01
	0.14
	0.11
	0.76
	0.78

	  Right
	60
	66
	107
	24.1
	17.8
	3

	  Left
	89
	151
	99
	35.1
	9.5
	2

	  Rectum
	42
	75.5 
	62
	19.9
	16.4
	3

	Primary tumor in place (pvalue)
	
	0.01
	0.001
	0.0002
	0.01
	0.76

	  Yes
	86
	129.5
	180.5 
	40
	25
	3

	  No
	106
	75.5
	67.5
	21.6
	7.7
	3


CA19.9, carbohydrate antigen 19.9 ; CEA, carcinoembryonic antigen; cfDNA, cell-free DNA; CT, chemotherapy; CTC, circulating tumor cell; ctDNA, circulating tumor DNA and PS, performance status. The red characters correspond to the significant values.
