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Figure S1 Data correction for quality control elements at different interference condition (n=12)
Note: The air, salt A and salt B conditions shown in the figure refer to incomplete injection, low concentration of salty interfering substances (the sample contains 10% of 1 × PBS) and high concentration of salty interfering substances (the sample contains 10% of 25 × PBS), respectively. There was no significant difference between the four conditions when the data was corrected by the element Re (p=0.1086), which indicates that Re can be the ideal quality control element compare to the other four elements Ho, Tb, In and Rh (p<0.05).
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Figure S2 Standard curve of Eu detection (n=6)
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Figure S3 Determination of the upper detection limit (n=3)

Note: When the concentration of CEA is less than 700, the predicted signal value is substantially the same as the actual detected signal value; but when the concentration of CEA reaches 800 ng/mL, the difference occurs, and the actual detected signal value is lower than the predicted signal value. Moreover, as the concentration of CEA increases, the difference between the two signals values increases.
Reference: NCCLS. Evaluation of the Linearity of Quantitative Measurement Procedures; A Statistical Approach; Approved Guideline. NCCLS document EP6-A. Wayne, PA: Clinical and Laboratory Standards Institute; 2003. 
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Figure S4 Reference interval definition and determination of the assay

Note: (A) Distribution of 155 CEA results on reference individuals, all the reference values obtained from the assay were between 0.0 ng/ml and 6.0 ng/ml; (B) Comparison of age, there was no significant difference of the reference values between deferent ages; (C) Comparison of gender. The upper reference limits of the proposed assay was assumed to demarcate the 97.5th percentile of the underlying distribution of values. 

Tables
	
	Number of samples
	CEA, ng/mL

	
	
	Mean ± SD
	Median
	Range

	All
	469
	58.58 ± 209.76
	6.77
	0.12 ~ 2286.00

	Male age, year

	≤30
	30
	6.25 ± 22.34
	1.49
	0.89 ~ 123.45

	31~50
	54
	15.85 ± 24.41
	4.54
	0.12 ~ 104.98

	51~70
	131
	85.46 ± 241.41
	16.56
	0.74 ~ 2286.00

	>70
	25
	61.68 ± 140.10
	18.76
	0.29 ~ 703.26

	Female age, year

	≤30
	53
	2.08 ± 5.61
	1.19
	0.80 ~ 42.02

	31~50
	70
	11.33 ± 36.91
	1.49
	0.84 ~ 297.42

	51~70
	87
	125.26 ± 349.25
	15.42
	0.42 ~ 1905.97

	>70
	19
	99.21 ± 222.79
	15.64
	3.29 ~ 952.99


 Table S1 Clinical information of the samples
Table S2 ICP-MS operation parameters

	Parameter
	Value

	cool gas flow (L/min)
	13

	auxiliary gas flow (L/min)
	0.7

	nebulizer gas flow (L/min)
	0.96

	sample uptake (s)
	38

	dwell time (ms)
	0.05

	channel
	3

	number of repeats per sample
	3

	PC detector voltage (V)
	1265

	RF power (W)
	1578.61

	analogue detector voltage (V)
	-1960


Table S3 Carryover of ICP-MS instrument for Eu detection
	Concentration differential times
	HTV1
	HTV2
	HTV3
	LTV1
	LTV2
	LTV3
	Carryover, %

	10
	1212004
	1165403
	1151414
	136205
	127977
	135505
	0.07%

	10
	135505
	125103
	126673
	14298
	12715
	13845
	0.40%

	10
	13845
	13042
	14056
	1506
	1539
	1511
	0.04%

	100
	1321223
	1298228
	1316724
	16183
	14842
	14328
	0.16%

	100
	140249
	126024
	132303
	1783
	1530
	1577
	0.14%

	100
	14328
	14315
	14508
	251
	195
	244
	0.05%


Note: The samples elevated “high target value”(HTV) concentration were processed in triplicate (HTV 1, HTV2, HTV 3 means the first, second and third value of the 3 serial detection, respectively), followed by three aspirations of “low target value” (LTV) samples (LTV 1, LTV 2, LTV 3 means the first, second and third value of the 3 serial detection, respectively). The carryover of the instrument was calculated as the formular: Carryover (%) = (LTV1-LTV3)/ (HTV3-LTV3) ×100%.
Reference: CLSI. Validation, Verification, and Quality Assurance of Automated Hematology Analyzers; Approved Standard-Second Edition. CLSI document H26-A2. Wayne, PA: Clinical and Laboratory Standards Institute; 2010.

Table S4 Determination of the LOQ (n=20)
	Actual value, ng/ml
	0.5
	1
	2
	5

	Predicted value, ng/ml
	0.658
	0.964
	1.889
	5.49

	SD
	0.171
	0.18
	0.292
	0.562

	CV, %
	25.99
	18.67
	15.46
	10.24

	Difference, %
	31.6
	-3.6
	-5.56
	9.80


Note: The impression of the detective value for serums at the concentration of 0.5ng/ml, 1ng/ml, 2ng/ml and 5ng/ml were 22.59%, 18.67%, 15.46% and 10.24%, respectively. Thus, the LOQ of the assay is 1 ng/ml.

Reference: CLSI. Evaluation of Detection Capability for Clinical Laboratory Measurement Procedures; Approved Guideline-Second Edition. CLSI document EP17-A2. Wayne, PA: Clinical and Laboratory Standards Institute; 2012.

Table S5 Determination of the upper detection limit (n=3)
	Actual 

value, ng/ml
	Predicted
Value, ng/ml
	Difference,
ng/ml
	Bias, %

	700
	706.34 ± 6.78
	6.34
	0.86

	800
	782.26 ± 9.13
	-17.74
	2.25

	900
	833.48 ± 11.34
	-66.52
	7.44

	1000
	875.79 ± 14.27
	-124.21
	12.4

	1100
	906.18 ± 18.12
	-193.82
	17.6


Note: The bias is the ratio of deferent value and the actual concentration. Bias = (Detective value - actual concentration)/ actual concentration × 100%.

Reference: NCCLS. Evaluation of the Linearity of Quantitative Measurement Procedures; A Statistical Approach; Approved Guideline. NCCLS document EP6-A. Wayne, PA: Clinical and Laboratory Standards Institute; 2003.

Table S6 The allowable dilution ratio (n=3)
	dilution ratio
	1
	2
	4
	7.5
	10
	15
	24
	30

	Actual, ng/ml
	600
	300
	150
	80
	60
	40
	25
	20

	Predicted, ng/ml
	600  ± 3.49
	308.44 ± 2.49
	160.84 ± 3.53
	84.96 ± 2.26
	64.54 ±0.85
	43.52 ±0.66
	28.68 ±0.10
	23.65 ±1.10

	Difference, ng/ml
	0
	8.44
	10.84
	4.96
	4.54
	3.52
	2.68
	3.65

	Bias, %
	0
	2.81
	7.23
	6.20
	7.57
	8.80
	10.72
	18.25


Note: Bias= (Detective value- actual concentration)/ actual concentration×100%. Along with the increase of the dilution ratio, the bias of the proposed method increased gradually.
Reference: CLSI. Establishing and Verifying an Extended Measuring Interval Through Specimen Dilution and Spiking, 1st Edition. CLSI document EP34. Wayne, PA: Clinical and Laboratory Standards Institute; 2018.
Table S7 Intra-assay and inter-assay imprecision analysis


	Sample
	Mean, ng/mL
	Intra-assay (n=80)
	
	Inter-assay (n=40)

	
	
	SD, ng/mL
	CV, %
	
	SD, ng/mL
	CV, %

	Low concentration
	7.36
	0.68
	9.27
	
	1.30
	17.64

	High concentration
	109.16
	5.10
	4.67
	
	5.87
	5.38


Reference: CLSI. Evaluation of Precision of Quantitative Measurement Procedures; Approved Guideline-Third Edition. CLSI document EP05-A3. Wayne, PA: Clinical and Laboratory Standards Institute; 2014.

Table S8 Specificity of the immunoassay (n=3)
	Compound
	Concentration, ng/ml
	Predicted values, ng/ml
	Cross-reactivity, %

	AFP
	1300
	0.47 ± 0.63
	0.036

	CA19-9
	1480
	0.32 ± 0.39
	0.022

	CA125
	1200
	0.18 ± 0.57
	0.015


Note: The cross-reactivity rates of different compounds were all less than 0.05%.


Table S9 Interference testing of the assay for low level serum (n=3)
	Interference
	Results

	
	CEA, ng/mL
	Difference, ng/ml
	Biases, %

	Triglyceride, ng/mL
	
	
	

	0
	3.91 ± 0.21
	0.00
	0.00

	200
	3.76 ± 0.25
	-0.15
	3.72

	500
	3.72 ± 0.23
	-0.19
	4.80

	1000
	3.74 ± 0.28
	-0.17
	4.26

	Bilirubin, ng/mL
	
	
	

	0
	13.42 ± 0.76
	0.00
	0.00

	10
	14.49 ± 0.89
	1.07
	7.97

	25
	13.57 ± 0.73
	0.15
	1.12

	50
	13.04 ± 1.26
	-0.38
	2.83

	Hemoglobin, ng/mL
	
	
	

	0
	4.11 ± 0.34
	0.00
	0.00

	100
	4.02 ± 0.25
	-0.09
	2.25

	500
	4.15 ± 0.37
	0.04
	1.08

	1000
	4.50 ± 0.31
	0.39
	9.49



Table S10 Interference testing of the assay for high level serum (n=3)
	Interference
	Results

	
	CEA, ng/mL
	Difference, ng/ml
	Biases, %

	Triglyceride, ng/mL
	
	
	

	0
	69.16 ± 3.82
	0.00
	0.00

	200
	70.94 ± 1.96
	1.78
	2.57

	500
	72.09 ± 2.75
	2.93
	4.24

	1000
	63.08 ± 2.86
	-6.08
	8.79

	Bilirubin, ng/mL
	
	
	

	0
	85.03 ± 4.17
	0.00
	0.00

	10
	79.61 ± 4.86
	-5.42
	6.37

	25
	77.49 ± 3.91
	-7.54
	8.87

	50
	78.99 ± 3.28
	-6.04
	7.11

	Hemoglobin, ng/mL
	
	
	

	0
	85.58 ± 4.14
	0.00
	0.00

	100
	86.58 ± 3.76
	1.00
	1.16

	500
	86.86 ± 2.31
	1.28
	1.50

	1000
	78.30 ± 3.65
	-7.28
	8.50


Table S11 Recovery rate of the immunoassay (n=3)
	Original, ng/ml
	Added, ng/ml
	Predicted, ng/ml
	Recovery, %

	19.56 ± 1.63
	17.63 ± 0.96
	38.47 ± 1.67
	107.26

	79.93 ± 3.55
	71.77 ± 2.86
	155.85 ± 3.63
	105.78

	158.27 ± 7.92
	154.15 ± 7.66
	303.52 ± 8.98
	94.23

	461.39 ± 9.33
	220.18 ± 5.48
	668.45 ± 12.20
	94.04


Table S12 Stability of the immunoassay (n=3)
	Length of Storage, days
	Serum of low-value 
	
	Serum of high-value

	
	Predicted value, ng/ml
	Difference, ng/ml
	Biases, %
	
	Predicted value, ng/ml
	Difference, ng/ml
	Biases, %

	0
	7.48 ± 0.86
	0.00
	0.06
	
	111.45 ± 1.80
	0.00
	0.00

	1
	8.53 ± 0.66
	1.05
	13.99
	
	116.96 ± 8.89
	5.51
	4.94

	2
	7.02 ± 0.87
	-0.46
	6.21
	
	109.13 ± 9.63
	-2.32
	2.08

	3
	8.15 ± 0.53
	0.67
	8.94
	
	111.46 ± 7.08
	0.01
	0.01

	4
	6.79 ± 0.59
	-0.69
	9.17
	
	107.20 ± 9.94
	-4.25
	3.81

	5
	8.14 ± 0.95
	0.66
	8.80
	
	102.61 ± 3.94
	-8.84
	7.93

	6
	7.23 ± 0.81
	-0.25
	3.29
	
	108.77 ± 7.88
	-2.68
	2.41

	7
	7.55 ± 0.44
	0.07
	0.93
	
	103.54 ± 6.39
	-7.91
	7.10


