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Supplementary Figure 1. Trend analyses of CRC-related symptoms in the 5 years prior to diagnosis for cases (red) and controls (blue)
















Supplementary Table 1. Summary of all predictors used for trend analysis and model testing
	
	Contains sparse data
(Yes/No)
	Time-varying (lag format)
	Red flag symptoms for CRC
	Continuous / categorical / binary
	Used in final model?

	Age
	No
	No
	-
	Continuous
	Yes

	Sex
	No
	No
	-
	Binary
	Yes

	Ethnicity
	No
	No
	-
	Categorical
	Yes

	Family history (any cancer excluding CRC)
	No
	No
	-
	Binary
	Yes

	Family history (CRC only)
	No
	No
	-
	Binary
	Yes

	Crohn’s
	No
	No
	-
	Binary
	Yes

	Ulcerative colitis
	No
	No
	-
	Binary
	Yes

	Body mass index
	Yes
	Yes
	-
	Continuous
	Yes

	Alcohol intake
	Yes
	Yes
	-
	Continuous
	Yes

	Smoking category
	Yes
	Yes
	-
	Categorical (ordered)
	Yes

	Appetite loss
	No
	Yes
	Yes
	Categorical (ordered)
	Yes

	Abdominal mass
	No
	Yes
	No
	Categorical (ordered)
	Yes

	Abdominal pain
	No
	Yes
	No
	Categorical (ordered)
	Yes

	Back pain
	No
	Yes
	No
	Categorical (ordered)
	No

	Bowel change
	No
	Yes
	No
	Categorical (ordered)
	Yes

	Constipation
	No
	Yes
	No
	Categorical (ordered)
	Yes

	Diarrhoea
	No
	Yes
	No
	Categorical (ordered)
	Yes

	Rectal bleeding
	No
	Yes
	Yes
	Categorical (ordered)
	Yes

	Tiredness
	No
	Yes
	No
	Categorical (ordered)
	Yes

	Weight loss
	No
	Yes
	Yes
	Categorical (ordered)
	Yes

	Haemoglobin (Hb)
	Yes
	Yes
	-
	Continuous
	Yes

	White cell count (WBC)
	Yes
	Yes
	-
	Continuous
	Yes

	Platelet
	Yes
	Yes
	-
	Continuous
	Yes

	Mean corpuscular volume (MCV)
	Yes
	Yes
	-
	Continuous
	Yes

	Bilirubin
	Yes
	Yes
	-
	Continuous
	No

	Albumin
	Yes
	Yes
	-
	Continuous
	No

	Alanine aminotransferase (alt)
	Yes
	Yes
	-
	Continuous
	No

	Gamma GT (GGT)
	Yes
	Yes
	-
	Continuous
	No

	Total cholesterol: HDL ratio (tsc:HDL)
	Yes
	Yes
	-
	Continuous
	No

	Erythrocyte sedimentation rate (ESR)
	Yes
	Yes
	-
	Continuous
	No

	C-reactive protein (CRP)
	Yes
	Yes
	-
	Continuous
	No

	Ferritin
	Yes
	Yes
	-
	Continuous
	No

	Iron level
	Yes
	Yes
	-
	Continuous
	No









Supplementary Table 2. The numbers and percentages of values present for each predictor across the full cohort (i.e. cases and controls, across both the training and validations sets). Shown across ‘lags’, each representing a 6-month sliding window prior to the diagnosis date.
	
	Lag0
(0-5m)
	Lag1
(6-11m)
	Lag2
(12-17m)
	Lag3
(18-23m)
	Lag4
(24-29m)
	Lag5
(30m-35m)
	Lag6
(36-41m)
	Lag7
(42-47m)
	Lag8
(48m-53m)
	Lag9
(54-59m)

	Body mass index
	138,201 (23.7%)
	136,409 (23.4%)
	138,532 (23.8%)
	139,356 (23.9%)
	139,652 (24.0%)
	140,785 (24.2%)
	141,716 (24.3%)
	141,031 (24.2%)
	142,285 (24.4%)
	141,085 (24.2%)

	Alcohol intake
	92,113 (15.8%)
	91,262 (15.7%)
	92,454 (15.9%)
	92,780 (15.9%)
	92,497 (15.9%)
	91,600 (15.7%)
	91,480 (15.7%)
	89,908 (15.4%)
	87,873 (15.3%)
	87,873 (15.1%)

	Smoking category
	161,882 (27.8%)
	162,495 (27.9%)
	164,751 (28.3%)
	165,921 (28.5%)
	166,997 (28.7%)
	167,807 (28.8%)
	168,748 (29.0%)
	168,863 (29.0%)
	170,289 (29.2%)
	170,325 (29.3%)

	Haemoglobin (Hb)
	198,710 (34.1%)
	186,060 (32.0%)
	182,467 (31.3%)
	176,893 (30.4%)
	172,870 (29.7%)
	167,666 (28.8%)
	163,231 (28.0%)
	157,944 (27.1%)
	153,605 (26.4%)
	148,699 (25.5%)

	White cell count (WBC)
	198,564 (34.1%)
	185,928 (31.9%)
	182,406 (31.3%)
	176,820 (30.4%)
	172,678 (29.7%)
	167,289 (28.7%)
	162,867 (28.0%)
	157,411 (27.0%)
	152,804 (26.2%)
	147,687 (25.4%)

	Platelet
	198,212 (34.0%)
	185,704 (31.9%)
	182,295 (31.3%)
	176,810 (30.4%)
	172,891 (29.7%)
	167,769 (28.8%)
	163,520 (28.1%)
	158,109 (27.2%)
	153,727 (26.4%)
	148,757 (25.5%)

	Mean corpuscular volume (MCV)
	197,573 (33.9%)
	185,068 (31.8%)
	181,683 (31.2%)
	176,287 (30.3%)
	172,392 (29.6%)
	167,181 (28.7%)
	162,944 (28.0%)
	157,503 (27.1%)
	153,157 (26.3%)
	148,110 (25.4%)

	Bilirubin
	
	202,164 (34.7%)
	192,236 (33.0%)
	190,046 (32.6%)
	185,836 (31.9%)
	183,005 (31.4%)
	178,925 (30.7%)
	176,188 (30.3%)
	171,940 (29.5%)
	169,258 (29.1%)
	164,903 (28.3%)

	Albumin
	
	199,421 (34.2%)
	189,885 (32.6%)
	187,634 (32.2%)
	182,946 (31.4%)
	180,112 (30.9%)
	175,662 (30.2%)
	172,409 (29.6%)
	167,727 (28.8%)
	164,540 (28.3%)
	159,727 (27.4%)

	Alanine aminotransferase (alt)
	
	195,519 (33.6%)
	185,518 (31.9%)
	182,695 (31.4%)
	178,006 (30.6%)
	174,035 (29.9%)
	169,292 (29.1%)
	164,994 (28.3%)
	160,071 (27.5%)
	155,857 (26.8%)
	150,894 (25.9%)

	Gamma GT (GGT)
	
	56,563 (9.7%)
	54,289 (9.3%)
	54,097 (9.3%)
	54,230 (9.3%)
	54,056 (9.3%)
	54,029 (9.3%)
	54,245 (9.3%)
	54,084 (9.3%)
	54,303 (9.3%)
	54,494 (9.4%)

	Total cholesterol: HDL ratio
	145,540 (25.0%)
	144,667 (24.8%)
	144,942 (24.9%)
	143,714 (24.7%)
	142,513 (24.2%)
	138,985 (23.9%)
	135,989 (23.4%)
	132,323 (22.7%)
	129,629 (22.3%)
	125,336 (21.5%)

	Erythrocyte sedimentation rate (ESR)
	47,221 (8.1%)
	43,233 (7.4%)
	43,530 (7.5%)
	43,005 (7.4%)
	42,604 (7.3%)
	42,019 (7.2%)
	41,203 (7.1%)
	39,817 (6.8%)
	39,542 (6.8%)
	38,203 (6.6%)

	C-reactive protein (CRP)
	47,671 (8.2%)
	40,807 (7.0%)
	39,356 (6.8%)
	37,089 (6.4%)
	35,145 (6.0%)
	33,215 (5.7%)
	31,395 (5.4%)
	29,524 (5.1%)
	27,621 (4.9%)
	26,011 (4.5%)

	Ferritin
	53,870 (9.3%)
	44,736 (7.7%)
	42,072 (7.2%)
	38,649 (6.6%)
	36,373 (6.2%)
	33,356 (5.7%)
	30,752 (5.3%)
	28,174 (4.8%)
	26,169 (4.5%)
	23,979 (4.1%)

	Iron level
	10,114 (1.7%)
	8,014
(1.4%)
	7,314
(1.3%)
	6,720
(1.2%)
	6,155
(1.1%)
	5,604
(1.0%)
	5,191
(0.9%)
	4,552
(0.8%)
	4,208
(0.7%)
	3,948
(0.7%)











Supplementary Table 3. The percentages of controls and cases reporting symptoms at least once within each time window across the full cohort (i.e. across both the training and validations sets).
	
	% of Controls/Cases

	
	Lag0
(0-5m)
	Lag1
(6-11m)
	Lag2
(12-17m)
	Lag3
(18-23m)
	Lag4
(24-29m)
	Lag5
(30m-35m)
	Lag6
(36-41m)
	Lag7
(42-47m)
	Lag8
(48m-53m)
	Lag9
(54-59m)

	Abdominal mass
	0.08 / 1.32
	0.08 / 0.14
	0.08 / 0.08
	0.08 / 0.08
	0.08 / 0.12
	0.08 / 0.08
	0.08 / 0.09
	0.08 / 0.08
	0.07 / 0.08
	0.07 / 0.08

	Abdominal pain
	2.18 / 15.30
	2.17 / 3.48
	2.19 / 2.47
	2.16 / 2.18
	2.21 / 1.87
	2.21 / 1.80
	2.19 / 1.95
	2.17 / 1.85
	2.17 / 1.78
	2.15 / 1.89

	Appetite loss
	0.14 / 0.64
	0.11 / 0.13
	0.11 / 0.06
	0.08 / 0.08
	0.07 / 0.08
	0.06 / 0.07
	0.05 / 0.04
	0.04 / 0.03
	0.04 / 0.04
	0.04 / 0.05

	Back pain
	2.97 / 3.10
	2.96 / 2.84
	2.97 / 2.81
	2.99 / 2.69
	3.05 / 2.85
	3.05 / 2.72
	3.03 / 2.58
	3.00 / 2.56
	3.03 / 2.71
	2.93 / 2.62

	Bowel change
	0.32 / 7.83
	0.31 / 0.51
	0.29 / 0.27
	0.28 / 0.18
	0.30 / 0.19
	0.30 / 0.20
	0.29 / 0.19
	0.28 / 0.16
	0.28 / 0.21
	0.27 / 0.17

	Constipation
	1.27 / 6.07
	1.21 / 1.82
	1.18 / 1.28
	1.18 / 1.10
	1.15 / 1.16
	1.14 / 1.01
	1.11 / 1.01
	1.07 / 1.03
	1.06 / 1.03
	1.01 / 0.97

	Diarrhoea
	1.12 / 7.00
	1.08 / 1.62
	1.07 / 1.20
	1.05 / 1.11
	1.06 / 1.02
	1.01 / 0.85
	1.00 / 0.83
	0.98 / 0.98
	0.96 / 0.83
	0.93 / 0.90

	Rectal bleeding
	0.48 / 13.76
	0.47 / 1.80
	0.47 / 1.00
	0.47 / 0.75
	0.47 / 0.72
	0.46 / 0.54
	0.46 / 0.53
	0.47 / 0.52
	0.45 / 0.48
	0.43 / 0.43

	Tiredness
	1.68 / 4.04
	1.53 / 1.68
	1.47 / 1.48
	1.40 / 1.20
	1.37 / 1.29
	1.31 / 1.23
	1.27 / 1.21
	1.22 / 0.97
	1.20 / 1.16
	1.16 / 1.13

	Weight loss
	0.44 / 2.62
	0.38 / 0.47
	0.36 / 0.35
	0.34 / 0.29
	0.32 / 0.29
	0.29 / 0.25
	0.27 / 0.24
	0.24 / 0.26
	0.22 / 0.18
	0.21 / 0.23




Supplementary Table 4. The numbers and percentages of recorded comorbidities and family history for cases and controls across the full cohort (i.e. across both the training and validations sets).
	
	Controls
	Cases

	Reports of family history of cancer 
(excluding CRC)
	0 reports: 507,298 (90.61%)
1 report: 45,890 (8.20%)
2 reports: 5,680 (1.01%)
≥3 reports: 981 (0.18%)
	0 reports: 20,142 (89.90%)
1 report: 1,978 (8.83%)
2 reports: 246 (1.10%)
≥3 reports: 40 (0.18%)

	Report of family history of CRC
	4,645 (0.83%)
	261 (1.16%)

	Reports of Crohn’s
	2,378 (0.42%)
	131 (0.58%)

	Reports of UC
	5,220 (0.93%)
	284 (1.27%)




Supplementary Table 5. The numbers of cases and controls with varying degrees of historical full blood count test requirements, across the full cohort (i.e. across both the training and validations sets). Patients may have more than one FBC within the 6-month windows, but averages were taken to create a maximum of one record per window. (Total controls = 559,849, total cases = 22,406.)
	
	Cases (% of all cases)
	Controls (% of all controls)
	Total (% of full cohort)

	≥1 FBC within 0–5 month window
	15,311 (68.3%)
	181,350 (32.4%)
	196,661 (33.8%)

	≥1 FBC within 0–11 month window
	17,427 (77.8%)
	285,798 (51.1%)
	303,225 (52.1%)

	≥1 FBC within 0–23 month window
	19,070 (85.1%)
	375,243 (67.0%)
	394,313 (67.7%)

	≥1 FBC in both the 0-5 and 6-11 month windows
	5,364 (23.9%)
	72,276 (12.9%)
	77,640 (13.3%)

	≥1 FBC in each of the 0-5, 6-11, 12-17 and 18-23 month windows
	1,386 (6.2%)
	24,632 (4.4%)
	26,018 (4.5%)




Supplementary Table 6. Comparison of performance metrics in the validation set, for a range of XGBoost models, using differing predictors and 2 years of historical electronic health record data which had undergone MICE imputation, for the early detection of CRC 
	Model
	History
	C-index
	Sensitivity
	Specificity
	PPV
	NPV
	Pred value

	XGBoost
	0-5 months
	0.858
(0.851-0.865)
	0.788
	0.777
	0.168
	0.985
	>0.35

	
	0-11 months
	0.852
(0.844-0.861)
	0.822
	0.677
	0.110
	0.987
	>0.3

	
	0-23 months
	0.857
(0.849-0.865)
	0.867
	0.579
	0.091
	0.989
	>0.25

	Logistic Regression
	0-5 months
	0.843
(0.836-0.851)
	0.721
	0.848
	0.213
	0.982
	>0.1

	
	0-11 months
	0.836
(0.827-0.845)
	0.818
	0.642
	0.100
	0.986
	>0.05

	
	0-23 months
	0.843
(0.834-0.852)
	0.824
	0.660
	0.105
	0.987
	>0.05


The models were trained on the same features – full blood count tests (haemoglobin, mean corpuscular volume, white blood count and platelets), symptoms (rectal bleed, bowel change, abdominal mass, appetite loss, abdominal pain, diarrhoea, constipation, weight loss and tiredness) as well as age, sex, ethnicity, bmi, diagnosis of UC / Crohn’s, family history of cancer / CRC, smoking status and alcohol intake. 
To allow a direct comparison of XGBoost and logistic regression, the same filtering strategy was applied to each – for 0-5 months history, rows were kept if a full set of full blood count tests was recorded (including imputed records) within the 0-5 month window; for 0-11 month history, if recorded in both the 0-5 and 6-11 month window; for 0-23 month history if recorded within each of the 0-5, 6-11, 12-17 and 18-23 month windows. 











Supplementary Table 7. Comparison of performance metrics from the validation set, for a range of XGBoost models for the early detection of CRC, assessing varying degrees of historical full blood count test requirements
	Blood test requirements
	C-index
	Sensitivity
	Specificity
	PPV
	NPV
	Pred value

	
	All Symptoms + FBC

	1 FBC within past 0-5 months
	0.886
(0.879-0.893)
	0.873
	0.688
	0.193
	0.984
	>0.25

	≥1 FBC within past 0-11 months
	0.880
(0.874-0.887)
	0.868
	0.681
	0.144
	0.988
	>0.25

	≥1 FBC within past 0-23 months
	0.874
(0.867-0.881)
	0.911
	0.486
	0.083
	0.991
	>0.2


Patients were retained for model prediction if a full blood count test (haemoglobin, platelet count, white blood cell count, and mean corpuscular volume) was recorded in at least the prior 0-5 months, 0-11 months and 0-23 months for the three models respectively.  All models were trained on the full blood count tests; the following symptoms: rectal bleed, bowel change, abdominal mass, appetite loss, abdominal pain, diarrhoea, constipation, weight loss and tiredness; as well as age, sex, ethnicity, bmi, diagnosis of UC / Crohn’s,  family history of cancer / CRC, smoking status and alcohol intake. 

























Supplementary Table 8. Summary of demographics across the full cohort
	
	
	Controls
(% of controls)
	Cases
(% of cases)

	Age at diagnosis/index date
	Range (median)
	21–100 (74)
	21–100 (74)

	Sex
	Female
	252,304 (45.07%)
	10,101 (45.08%)

	
	Male
	307,545 (54.93%)
	12,305 (54.92%)

	Ethnicity
	White
	510,592 (91.20%)
	21,010 (93.77%)

	
	Indian
	9,959 (1.78%)
	220 (0.98%)

	
	Pakistani
	5,177 (0.92%)
	94 (0.42%)

	
	Bangladeshi
	2,507 (0.45%)
	82 (0.37%)

	
	Other Asian
	5,326 (0.95%)
	124 (0.55%)

	
	Caribbean
	7,840 (1.40%)
	298 (1.33%)

	
	Black African
	5,924 (1.06%)
	150 (0.67%)

	
	Chinese
	2,103 (0.38%)
	67 (0.30%)

	
	Other
	10,421 (1.86%)
	361 (1.61%)

	Region
(* denotes regions making up the validation set)
	East Midlands
	14,349 (2.56%)
	574 (2.56%)

	
	East of England
	27,773 (4.96%)
	1,111 (4.96%)

	
	London
	81,353 (14.53%)
	3,260 (14.55%)

	
	North East
	19,600 (3.50%)
	784 (3.50%)

	
	North West
	130,102 (23.24%)
	5,206 (23.23%)

	
	South Central
	74,100 (13.24%)
	2,966 (13.24%)

	
	South East*
	60,746 (10.85%)
	2,431 (10.85%)

	
	South West
	63,294 (11.31%)
	2,532 (11.30%)

	
	West Midlands*
	64,865 (11.59%)
	2,595 (11.58%)

	
	Yorkshire & Humber
	23,667 (4.23%)
	947 (4.23%)
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