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Supplementary Text
Organ Specific Cancer
The brain cancer detection rate was 88% (7/8) for stage I, 85% (23/27) for stage II, 86% (12/14) for stage III and 98% (189/192) for stage IV, which had the overwhelming majority for the brain cancer set. The breast cancer group had many more early-stage samples, and the detection rate was 96% (24/25) for stage I, 87% (79/91) for stage II, 88% (66/75) for stage III and 100% (9/9) for stage IV. The classifiers for colorectal, kidney and lung cancer all reported extremely high detection rates, between 98-100% for stage I and II. Despite being the smallest subset in this study, the ovarian cancer predictions were still highly promising: stage I 90% (28/31); II 86% (12/14); III 92% (47/51); IV 97% (28/29). Likewise, due to difficulty sourcing stage I pancreatic cancer samples there were only 8 included in the dataset, yet the sensitivity-tuned model was still capable of successfully predicting 7 of the stage I tumors (88%). Additionally, the detection rates for the other pancreatic cancer stages were 91% (II, 59/65) 99% (III, 71/72) and 90% (IV, 18/20). Lastly, the prostate cancer results further highlighted the potential of earlier detection: stage I 100% (4/4); II 93% (149/160); III 97% (30/31); IV 75% (3/4).

For the models that were tailored for a greater specificity, some of the cancer samples were not detected. The brain cancer detection rates were low for stage I-III, yet reported 54% (104/192) for stage IV, despite the specificity being 99%. The breast cancer group had detection rates of 40% (10/25) for stage I, 47% (43/91) for stage II, 61% (46/75) for stage III, and 67% (6/9) for stage IV. The colorectal classifier reported the highest stage I detection rate for the specificity-tuned models with 19 out of 36 being predicted correctly (53%). Furthermore, the colorectal stage II, III and IV detection rates were 39% (27/70), 52% (35/67) and 41% (11/27), respectively. Kidney cancer reported the highest detection rate for stage II (66%, 19/29), and the remaining stages were: stage I 54% (47/87); III 47% (14/34); IV 33% (17/51). The detection rates for lung cancer were 32% (11/31) for stage I, 40% (24/60) for stage II, 62% (40/65) for stage III and 40% (18/45) for stage IV. The detection rates were similar for ovarian cancer – stage I 48% (15/31), II 43% (6/14), III 51% (26/51), IV 48% (14/29) – and pancreatic cancer – stage I 38% (3/8), II 40% (26/65), III 50% (36/72), IV 55% (11/20). Finally, the prostate cancer performance was respectable for stage II (45%, 72/160) and III (61%, 19/31), but struggled to predict stage I and IV which is likely to be attributed to the very small number of samples in those groups (n=4). 

Feature Importance
Feature importance values were extracted from classification, and Fig. 4. illustrates the wavenumber regions that were found to be the most discriminatory. The importance values were normalized to a maximum of 100 to make them more comparable. For C v NC, the wavenumber region deemed to be of highest importance was the Amide II (~1529 cm-1) band. This is one of the largest peaks in a serum spectrum, it contains information from overlapping bands associated with protein secondary structures, such as -helices and -sheets, thus variations in this region, as well as the Amide I region (1600-1700 cm-1), are often indicative of disease states (22). The Amide II band is associated with N-H bending vibrations, and C-N stretching vibrations in protein molecules. Additionally, N-H bending and C-N stretching vibrations (Amide III) and asymmetric Pstretching in phosphodiesters were found to be important (~1260 cm-1). Other significant regions were ~1025 cm-1 (C-O and C-C stretching, C-OH deformation), ~1061 cm-1 (symmetric Pstretching, C-O stretching), and ~3277 cm-1 (symmetric O-H stretching, N-H stretching). The brain cancer v NCS classification reported similar importance within the Amide II rand Amide A regions, as well as the Amide I band (~1607 cm-1, C=O and C-N stretching, N-H bending), but the lipid bands in the high wavenumber region were also shown to be significant in this model, which arise at ~2786 cm-1 and account for C-H and CH2 stretching vibrations. The top region for the breast cancer model was found around 2872 cm-1, accounting for C-OH deformation and C-O and C-C stretching vibrations which are related to glycogen and carbohydrates. The importance trace for the colorectal and kidney cancer models are relatively similar, yet the Amide II is deemed to be most important in colorectal model, whereas the Amide III region (~1256 cm-1) was the highest importance for kidney. Vibrations related to nucleic acids were also important for colorectal, and the lipid vibrations were significant for the kidney cancer classifier. The lung cancer v NCS feature importance seemed rather unique as most of the important bands appear in the lower end of the spectrum, mainly associated with symmetric (1075 cm-1) and asymmetric (1165 cm-1) Pstretching vibrations, as well as lipidic C-H and CH2 stretching (2750 cm-1). Importance values for the ovarian and pancreatic cancer classifiers were also quite similar, as the top 4 wavenumbers regions are made up from proteinaceous regions. Lastly, the prostate versus NCS-M model were mainly associated with protein (Amide II/A) and lipid vibrations arising around ~1357 cm-1 and ~2947cm-1.


Supplementary Figures
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Fig. S1. Schematic breakdown of the full patient cohort. Cancer set is comprised of patients with brain, breast, colorectal, kidney, lung, ovarian, pancreatic, and prostate cancer. Non-cancer group includes asymptomatic participants as well as symptomatic patients with non-malignant disease. 



Supplementary Tables
Table S1.
95% confidence intervals (CI) for a one-sample Student's t-test, carried out for each selected threshold on the presented receiver operating characteristic curves for every classification. 
	Model
	Tuning
	CI Sens (%)
	CI Spec (%)

	
	
	
	

	C v NCA
	98% Sens
	(97.8, 98.2)
	(55.5, 59.6)

	
	98% Spec
	(55.5, 57.2)
	(98.3, 99.5)

	C v NC
	90% Sens
	(89.8, 90.5)
	(59.5, 61.5)

	
	95% Spec
	(40.7, 42.3)
	(94.3, 95.5)

	Brain v NCS
	45% Sens
	(45.0, 48.0)
	(98.7, 99.2)

	
	45% Spec
	(93.9, 95.3)
	(44.7, 47.0)

	
	90% Sens
	(89.5, 91.3)
	(61.4, 64.0)

	
	90% Spec
	(72.2, 74.6)
	(90.4, 91.9)

	Breast v NCS
	45% Sens
	(46.1, 50.0)
	(84.7, 86.5)

	
	45% Spec
	(85.4, 88.2)
	(45.3, 47.8)

	
	90% Sens
	(92.1, 94.1)
	(28.1, 30.5)

	
	90% Spec
	(32.9, 36.9)
	(90.5, 92.0)

	Colorectal v NCS
	45% Sens
	(45.8, 49.0)
	(96.2, 97.0)

	
	45% Spec
	(96.5, 97.8)
	(47.4, 50.5)

	
	90% Sens
	(91.1, 93.2)
	(71.7, 73.6)

	
	90% Spec
	(72.6, 75.5)
	(90.2, 91.4)

	Kidney v NCS
	45% Sens
	(45.2, 48.6)
	(94.8, 96.0)

	
	45% Spec
	(98.1, 98.8)
	(46.3, 48.7)

	
	90% Sens
	(90.1, 91.9)
	(77.3, 79.4)

	
	90% Spec
	(67.8, 70.7)
	(89.7, 91.3)

	Lung v NCS
	45% Sens
	(44.3, 47.6)
	(94.0, 95.1)

	
	45% Spec
	(98.6, 99.2)
	(46.7, 49.2)

	
	90% Sens
	(91.2, 93.1)
	(77.3, 78.9)

	
	90% Spec
	(65.3, 68.7)
	(89.7, 91.2)

	Ovary v NCS-F
	45% Sens
	(47.1, 51.3)
	(94.2, 95.8)

	
	45% Spec
	(91.4, 94.1)
	(45.9, 49.2)

	
	90% Sens
	(90.4, 93.1)
	(50.9, 54.2)

	
	90% Spec
	(57.2, 61.6)
	(89.1, 91.2)

	Pancreas v NCS
	45% Sens
	(46.5, 50.4)
	(91.8, 93.1)

	
	45% Spec
	(92.8, 94.9)
	(47.8, 50.2)

	
	90% Sens
	(92.8, 94.9)
	(47.8, 50.2)

	
	90% Spec
	(50.9, 54.9)
	(90.6, 92.0)

	Prostate v NCS-M
	45% Sens
	(44.7, 48.2)
	(95.6, 97.1)

	
	45% Spec
	(91.5, 93.6)
	(44.4, 48.1)

	
	90% Sens
	(91.2, 93.3)
	(46.6, 50.5)

	
	90% Spec
	(63.2, 66.6)
	(89.8, 91.8)


Table S2.
Detection rates for the cancer (C) v non-cancer (NC) sensitivity and specificity-tuned models split by age and sex. 

	
	No. of Patients

	Correctly identified n (%)

	
	
	Sensitivity-tuned Model
(90% Sensitivity)
	Specificity-tuned Model (95% Specificity)

	
	C
	NC
	C
	NC
	C
	NC

	Sex
	Male
	794
	240
	733 (92)
	151 (63)
	338 (43)
	228 (95)

	
	Female
	749
	311
	672 (90)
	175 (56)
	296 (40)
	295 (95)

	Age (deciles)
	20
	15
	52
	13 (87)
	43 (83)
	5 (33)
	52 (100)

	
	30
	37
	66
	30 (81)
	47 (71)
	13 (35)
	66 (100)

	
	40
	140
	66
	120 (86)
	42 (64)
	46 (33)
	62 (94)

	
	50
	331
	84
	295 (89)
	46 (55)
	121 (37)
	80 (95)

	
	60
	539
	105
	489 (90)
	52 (50)
	227 (42)
	97 (92)

	
	70
	374
	116
	356 (95)
	60 (52)
	175 (47)
	107 (92)

	
	80
	104
	54
	100 (96)
	32 (57)
	46 (44)
	52 (96)

	
	90
	3
	4
	2 (67)
	2 (50)
	1 (33)
	3 (75)






Table S3.
Patient demographics for the organ specific cancer v non-cancer symptomatic (NCS) classifications.

	 
	Brain
	Breast
	Colorectal
	Kidney
	Lung
	Pancreas
	NCS

	 
	(n = 247)
	(n = 200)
	(n = 200)
	(n = 201)
	(n = 201)
	(n = 166)
	(n = 460)

	Age, years
	 
	 
	 
	 
	 
	 
	 

	Mean
	60
	62
	66
	62
	66
	65
	57

	Min - max
	22 -84
	28 - 90
	29 - 85
	25 - 87
	20 - 86
	39 - 87
	20 - 90

	Sex, n (%)
	 
	 
	 
	 
	 
	 
	 

	Female
	123 (50)
	196 (98)
	64 (32)
	75 (37)
	95 (47)
	69 (42)
	261 (57)

	Male
	124 (50)
	4 (2)
	136 (68)
	126 (63)
	106 (53)
	97 (58)
	199 (43)

	Cancer stage, n (%)
	 
	 
	 
	 
	 
	 
	 

	I
	8 (3)
	25 (13)
	36 (18)
	87 (43)
	31 (16)
	8 (5)
	-

	II
	27 (11)
	91 (45)
	70 (35)
	29 (15)
	60 (30)
	65 (39)
	-

	III
	14 (6)
	75 (37)
	67 (33)
	34 (17)
	65 (32)
	72 (43)
	-

	IV
	192 (78)
	9 (5)
	27 (14)
	51 (25)
	45 (22)
	20 (12)
	-

	Not staged*
	6 (2)
	-
	-
	-
	-
	-
	460 (100)

	Unknown**
	-
	-
	-
	-
	-
	1 (1)
	-


* This group of cancers do not require staging.					
** Cancer stage and/or staging information has not been recorded.






















Table S4.
Patient demographics for the organ specific cancer classifications for ovarian and prostate cancer against the sex-specific non-cancer symptomatic (NCS) groups.

	 
	Ovary
	Prostate
	NCS Females Only (NCS-F)
	NCS Males Only (NCS-M)

	 
	(n = 126)
	(n = 199)
	(n = 261)
	(n = 199)

	Age, years
	 
	 
	 
	 

	Mean
	61
	62
	56
	59

	Min - max
	21 - 88
	43 - 87
	20 - 90
	20 - 90

	Sex, n (%)
	 
	 
	 
	 

	Female
	126 (100)
	-
	261 (100)
	-

	Male
	-
	199 (100)
	-
	199 (100)

	Cancer stage, n (%)
	 
	 
	 
	 

	I
	31 (25)
	4 (2)
	-
	-

	II
	14 (11)
	160 (80)
	-
	-

	III
	51 (40)
	31 (16)
	-
	-

	IV
	29 (23)
	4 (2)
	-
	-

	Not staged*
	-
	-
	261 (100)
	199 (100)

	Unknown**
	1 (1)
	-
	-
	-


* This group of cancers do not require staging.					
** Cancer stage and/or staging information has not been recorded.




Table S5. 
Sensitivity and specificity values for the resampled test sets for each of the organ specific cancer classifications. The results here are based upon thresholds chosen where either sensitivity or specificity was a minimum value of 90% for the cross-validation. Non-cancer symptomatic (NCS), NCS female-only (NCS-F) and NCS male-only (NCS-M).

	Organ Specific Classifier
	Sensitivity-tuned
	Specificity-tuned

	
	Sensitivity (%)
	Specificity (%)
	Sensitivity (%)
	Specificity (%)

	Brain v NCS
	90
	63
	73
	91

	Breast v NCS
	93
	29
	35
	91

	Colorectal v NCS
	92
	73
	74
	91

	Kidney v NCS
	91
	78
	69
	90

	Lung v NCS
	92
	78
	67
	90

	Ovary v NCS-F
	92
	53
	59
	90

	Pancreas v NCS
	94
	49
	53
	91

	Prostate v NCS-M
	92
	49
	65
	91


 




Table S6. Detection rates from the organ specific cancer classifications for the sensitivity-tuned models, broken down by stage, based upon the models with a lower limit of 45% specificity for the cross validation.

	Cancer Type
	Stage
	Actual
	Identified Correctly
	Detection Rate (%)

	Brain
	I
	8
	7
	88

	
	II
	27
	23
	85

	
	III
	14
	12
	86

	
	IV
	192
	189
	98

	
	Not Staged *
	6
	5
	83

	Breast
	I
	25
	24
	96

	
	II
	91
	79
	87

	
	III
	75
	66
	88

	
	IV
	9
	9
	100

	Colorectal
	I
	36
	36
	100

	
	II
	70
	70
	100

	
	III
	67
	65
	97

	
	IV
	27
	24
	89

	Kidney
	I
	87
	85
	98

	
	II
	29
	29
	100

	
	III
	34
	34
	100

	
	IV
	51
	50
	98

	Lung
	I
	31
	31
	100

	
	II
	60
	59
	98

	
	III
	65
	64
	98

	
	IV
	45
	45
	100

	Ovary
	I
	31
	28
	90

	
	II
	14
	12
	86

	
	III
	51
	47
	92

	
	IV
	29
	28
	97

	
	Unknown**
	1
	1
	100

	Pancreas
	I
	8
	7
	88

	
	II
	65
	59
	91

	
	III
	72
	71
	99

	
	IV
	20
	18
	90

	
	Unknown**
	1
	1
	100

	Prostate
	I
	4
	4
	100

	
	II
	160
	149
	93

	
	III
	31
	30
	97

	
	IV
	4
	3
	75


* This group of cancers do not require staging.					
** Cancer stage and/or staging information has not been recorded.
Table S7.
Detection rates from the organ specific cancer classification, for the specificity-tuned models split by stage. The results here are based upon a lower limit of 45% sensitivity for the cross-validation. 

	Cancer Type
	Stage
	Actual
	Identified Correctly
	Detection Rate (%)

	Brain
	I
	8
	1
	13

	
	II
	27
	4
	15

	
	III
	14
	3
	21

	
	IV
	192
	104
	54

	
	Not Staged *
	6
	2
	33

	Breast
	I
	25
	10
	40

	
	II
	91
	43
	47

	
	III
	75
	46
	61

	
	IV
	9
	6
	67

	Colorectal
	I
	36
	19
	53

	
	II
	70
	27
	39

	
	III
	67
	35
	52

	
	IV
	27
	11
	41

	Kidney
	I
	87
	47
	54

	
	II
	29
	19
	66

	
	III
	34
	14
	41

	
	IV
	51
	17
	33

	Lung
	I
	31
	10
	32

	
	II
	60
	24
	40

	
	III
	65
	40
	62

	
	IV
	45
	18
	40

	Ovary
	I
	31
	15
	48

	
	II
	14
	6
	43

	
	III
	51
	26
	51

	
	IV
	29
	14
	48

	
	Unknown**
	1
	0
	0

	Pancreas
	I
	8
	3
	38

	
	II
	65
	26
	40

	
	III
	72
	36
	50

	
	IV
	20
	11
	55

	
	Unknown**
	1
	1
	100

	Prostate
	I
	4
	1
	25

	
	II
	160
	72
	45

	
	III
	31
	19
	61

	
	IV
	4
	1
	25


* This group of cancers do not require staging.					


** Cancer stage and/or staging information has not been recorded
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Table S8. 
The top 5 wavenumber regions which were found to be the most discriminatory for each of the binary classifications, with their corresponding tentative biological assignments and vibrational modes (33). 

	Classification
	Approximate wavenumber (cm-1)
	Importance
	Biological assignments
	Vibrational Modes

	C v NC
	1529
	100
	Amide II of Proteins
	N-H bending, C-N stretching

	
	1260
	64
	Amide III of Proteins, Phosphodiesters
	N-H in-plane bend, C-N stretching, asymmetric Pstretching

	
	1025
	58
	Glycogen, Carbohydrates
	C-O and C-C stretching, C-OH deformation

	
	1061
	53
	Nucleic acids, Phosphodiesters
	Symmetric Pstretching, C-O stretching

	
	3277
	48
	Proteins (Amide A), Nucleic acids
	Symmetric O-H stretching, N-H stretching

	Brain v NCS
	1523
	100
	Amide II of Proteins
	N-H bending, C-N stretching

	
	1607
	85
	Amide I of Proteins
	C=O and C-N stretching, N-H bending

	
	3221
	61
	Proteins (Amide A), Nucleic acids
	Symmetric O-H stretching, N-H stretching

	
	2786
	60
	Lipids
	C-H, CH2 stretching

	
	1442
	54
	Lipids, Fatty acids, Proteins
	C-H and CH2 stretching and bending

	Breast v NCS
	2872
	100
	Glycogen, Carbohydrates
	C-O and C-C stretching, C-OH deformation

	
	1261
	81
	Amide III of Proteins, Phosphodiesters
	N-H in-plane bend, C-N stretching, asymmetric Pstretching

	
	3351
	78
	Amide A of Proteins 
	OH, C-H, N-H stretching

	
	1549
	74
	Amide II of Proteins
	N-H bending, C-N stretching

	
	1025
	68
	Glycogen, Carbohydrates
	C-O and C-C stretching, C-OH deformation

	Colorectal v NCS
	1530
	100
	Amide II of Proteins
	N-H bending, C-N stretching

	
	3350
	71
	Amide A of Proteins 
	O-H, C-H, N-H stretching

	
	3235
	68
	Proteins (Amide A), Nucleic acids
	Symmetric O-H stretching, N-H stretching

	
	1247
	64
	Amide III of Proteins, Phosphodiesters
	N-H in-plane bend, C-N stretching, asymmetric Pstretching

	
	1075
	52
	Nucleic acids, Phosphodiesters
	Symmetric Pstretching, C-O stretching

	Kidney v NCS
	1256
	100
	Amide III of Proteins, Phosphodiesters
	N-H in-plane bend, C-N stretching, asymmetric Pstretching

	
	3346
	91
	Amide A of Proteins 
	O-H, C-H, N-H stretching

	
	1350
	81
	Lipids, Proteins
	C-O stretching, C-H and N-H deformation

	
	1530
	78
	Amide II of Proteins
	N-H bending, C-N stretching

	
	1671
	70
	Amide I of Proteins
	C=O and C-N stretching, N-H bending

	Lung v NCS
	1075
	100
	Nucleic acids, Phosphodiesters
	Symmetric Pstretching, C-O stretching

	
	1165
	95
	Nucleic Acids
	Asymmetric Pstretching

	
	2750
	70
	Lipids
	C-H, CH2 stretching

	
	1531
	69
	Amide II of Proteins
	N-H bending, C-N stretching

	
	1123
	63
	Carbohydrates
	C-O and C-C stretching

	Ovary v NCS-F
	1528
	100
	Amide II of Proteins
	N-H bending, C-N stretching

	
	3327
	85
	Amide A of Proteins 
	O-H, C-H, N-H stretching

	
	1261
	79
	Amide III of Proteins, Phosphodiesters
	N-H in-plane bend, C-N stretching, asymmetric Pstretching

	
	3243
	75
	Proteins (Amide A), Nucleic acids
	Symmetric O-H stretching, N-H stretching

	
	1084
	68
	Nucleic acids, Phosphodiesters
	Symmetric Pstretching, C-O stretching

	Pancreas v NCS
	3277
	100
	Proteins (Amide A), Nucleic acids
	Symmetric O-H stretching, N-H stretching

	
	1528
	82
	Amide II of Proteins
	N-H bending, C-N stretching

	
	1636
	78
	Amide I of Proteins
	C=O and C-N stretching, N-H bending

	
	1288
	78
	Amide III of Proteins, Phosphodiesters
	N-H in-plane bend, C-N stretching, asymmetric Pstretching

	
	2887
	68
	Lipids
	C-H, CH2 stretching

	Prostate v NCS-M
	1500
	100
	Amide II of Proteins
	N-H bending, C-N stretching

	
	1357
	81
	Lipids, Proteins
	C-O stretching, C-H and N-H deformation

	
	3250
	69
	Proteins (Amide A), Nucleic acids
	Symmetric O-H stretching, N-H stretching

	
	2947
	66
	Lipids
	C-H, CH2 stretching

	
	1003
	64
	Glycogen, Carbohydrates
	C-O and C-C stretching, C-OH deformation
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