Supplementary materials 
[bookmark: _60n4afkf7tl9]Additional information about the methods

Study design, setting, and population
Detailed study methods have previously been published [7]. The four university hospitals in the Capital Region of Denmark that enrolled participants for the study are, Amager-Hvidovre, Bispebjerg, Herlev-Gentofte, and Hillerød. 
The Scientific Ethics Committee approved the study prior to start of inclusion on 22nd December 2017 (ID number H-17031325). A translation of the Danish Ethical Protocol can be requested by contacting the authors. 
Blood-based biomarker panel selection was based on the best performing markers from our previous studies in screening participants and more promising biomarkers [1,2,12]. The Danish UCPs, including the one for CRC, were introduced in Denmark in 2008. By law cancer needs to be either confirmed or ruled-out within 14-days after the patient presents him or herself with symptoms that could be indicative of cancer. The 14 days include weekends and bank holidays [7,8,10,18]. The health authorities recommend UCP CRC referral if: in the case of anemia and/or rectal bleeding/visible blood during defecation, other differential diagnoses are excluded or deemed unlikely, and in the case of abdominal pain and/or change in bowel movements/stool color, symptoms are persistent for > 4 weeks [18]. For this referral there is no age restriction or exclusion after screening participation. For this study we excluded patients who did not successfully complete their colonoscopy or in other ways were lacking alternative diagnostic follow-up (e.g., abdominal CT) of their symptoms and patients who were currently receiving treatment for CRC or IBD.  

Sample collection and handling
Blood collection was conducted prior to bowel preparation at the first out-patient visit. A total of 90 ml (9 vials of 10 ml) was collected into 2 serum vacutainers with coagulation enhancer and into 7 Ethylenediaminetetraacetic (EDTA) plasma vacutainers (Becton & Dickinson, Franklin Lakes, New Jersey, United States). The EDTA tubes were centrifuged twice at 3000 x G for 10 minutes at 21 ℃ and frozen at -80 ℃ within 2 hours, in barcode-printed cryo-tubes (Dacos A/S, Esbjerg, Denmark) and stored at Hvidovre Hospital. Stool samples for FIT were likewise collected before bowel cleansing preparation, prior to colonoscopy, and shipped directly for routine FIT analyses within 7 days. The molecular data were unblinded upon return to Copenhagen University Hospital where it was merged to the clinical data.

Biomarker Analyses
Blinded blood samples were transported to Amsterdam, the Netherlands, to be analyzed at Abbott Center of Excellence at the Amsterdam University Medical Center (location Amsterdam UMC-AMC). The EDTA samples were analyzed for Carcinoembryonic antigen (CEA), Human epididymis protein 4 (HE4), Ferritin, Pepsinogen (PG-II), Cytokeratin 21 fragment (CyFra21-1), Interleukin 6 (IL-6), and Golgi protein 73 (GP-73), using the chemiluminescence microparticle immunoassay approach on the ARCHITECT i2000 (Abbott Laboratories, Abbott Park, IL, USA) according to manufacturer’s protocol. Furthermore, high-sensitivity C-reactive protein (hsCRP), and Beta-2 microglobulin (B2M) protein levels were analyzed using immunoturbidimetric technology using the ARCHITECT c8000 (Abbott Laboratories, Abbott Park, IL, USA) according to manufacturer’s instructions. Cancer antigen 72-4 (CA72-4), soluble Fms-like tyrosine kinase-1 (sFLT-1), and Placental growth factor (PLGF) were analyzed using the electrochemiluminescence technology on a Cobas® e601 module (Roche Diagnostics, Indianapolis, IN, USA) following the manufacturer’s instructions. Finally, Interleukin 8 (IL-8) protein levels were measured using the chemiluminescent approach available on the IMMULITE® 2000 XPi immunoassay system (Siemens Healthcare AG, Munich, Germany) according to the manufacturer’s protocol.
FIT was analyzed at Gentofte Hospital using the OC-SENSOR Ceres machine (Eiken Pharmaceuticals, Tokyo, Japan) in accordance with accredited clinical procedures used for FIT-based CRC screening implemented among the general population in Denmark. 

Use of FIT data
FIT data was reported in ng Hb/mL, as is the Danish standard. FIT data was converted to µg Hb/g by factor of 0.20 prior statistical analysis, as is in accordance with previous studies and calculations [7]. If lower and upper detection limits for biomarker values were reported (e.g., FIT of <35 ng Hb/mL or >1000 ng Hb/mL) these were considered as the exact value (FIT of 35 ng Hb/mL or 1000 ng Hb/mL, respectively) to be able to enter numerical data for statistical analysis. All biomarkers, age, and BMI were considered as continuous variables. All other predictors were considered as binary variables. All predictors were included in the univariable and the multivariable logistic regressions. 

Statistical analysis
For sample size estimation, we used a previously reported Area Under the Curve (AUC) for AA and CRC detection of 0.80 for FIT alone in symptomatic patients [21]. We assumed that adding blood-based biomarkers and demographic variables would increase the AUC to 0.85. Using a significance level of 0.05 and the expected incidence rates of AA at 25% and CRC at 5% (combined 30%), approximately 1,400 individuals were required to achieve 80% power for a paired comparison of correlated ROC curves. Sample size estimation was performed using established methods for correlated AUC comparisons as implemented in the pROC package in R, incorporating assumptions about the correlation between models. All data management and statistical analyses were performed using R studio version 4.3.0 (R Foundation of Statistical Computing, Vienna, Austria) [22]. Significance for analysis was set at p < 0.05. Descriptive statistics were used to describe cohort characteristics and overall diagnostic outcomes. As we aimed to develop the most optimal risk model for our final model, all predictors were used. Participants with missing data regarding predictors or outcomes were excluded from analysis. In total, 1,718 patients from the CRC UCP were included in the cohort. Complete blood-based biomarker analysis was available for 1,685 participants. Of these, 88 did not return a fecal sample for FIT and 11 did not undergo colonoscopy or other diagnostic examination and were therefore excluded. The final analytical dataset consisted of 1,586 participants with complete-case data. Analyses were performed on complete-case data only, and no imputation was used. Biomarker data were considered as continuous variables and were log-transformed (ln). The univariable and the multivariable logistic regressions were performed using the glm() function that is part of base R. The FIT extended models for both outcomes were developed using bi-directional stepwise selection based on the Akaike information criterion [23] by using the base R function step(). In doing this the least contributing predictor is removed at each step based on the overall model performance. For comparison, we made two simple models: one containing FIT alone and another combining FIT, sex, and age, as this model has shown beneficial for CRC screening programs of asymptomatic populations [24, 25]. The performance of the risk models was assessed using AUC. ROC curves and AUC values were obtained from predictions on the full dataset and therefore represent apparent performance. Pairwise comparisons of AUCs between models were performed using DeLong’s test for correlated ROC curves.
The performance of the final model was additionally evaluated using 5-fold stratified cross-validation implemented through the caret package to obtain an internally validated estimate of discrimination. Bootstrap resampling was used to assess model stability and calibration. ROC curves and specificity at predefined sensitivities (0.70, 0.90, 0.95, 1.00) were derived from model predictions using the pROC package. Derived measures, including the number of false negatives, predicted positives, and colonoscopy spared, were calculated using base R functions.
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	CRC
	CRC/AA/IBD

	Predictors
	OR
	Lower 95% CI
	Upper 95% CI
	p value
	AUC
	OR
	Lower 95% CI
	Upper 95% CI
	p value
	AUC

	Biomarkers

	FIT
	3.13
	2.63
	3.73
	<0.001
	0.88
	2.77
	2.45
	3.12
	<0.001
	0.79

	B2M
	4.57
	2.34
	8.93
	<0.001
	0.65
	2.92
	1.77
	4.81
	<0.001
	0.60

	CA72-4
	1.74
	1.41
	2.13
	<0.001
	0.66
	1.34
	1.14
	1.57
	<0.001
	0.58

	CEA
	2.67
	2.03
	3.52
	<0.001
	0.67
	1.74
	1.43
	2.13
	<0.001
	0.57

	CyFra21-1
	2.93
	2.02
	4.26
	<0.001
	0.68
	1.93
	1.43
	2.59
	<0.001
	0.58

	Ferritin
	0.70
	0.58
	0.85
	<0.001
	0.61
	0.88
	0.77
	1.00
	0.050
	0.55

	GP-73
	2.59
	1.52
	4.41
	<0.001
	0.60
	1.65
	1.14
	2.40
	0.008
	0.55

	HE4
	1.95
	1.36
	2.82
	<0.001
	0.62
	1.50
	1.15
	1.95
	0.002
	0.57

	hsCRP
	1.87
	1.52
	2.30
	<0.001
	0.67
	1.50
	1.29
	1.74
	<0.001
	0.60

	IL-6
	1.92
	1.53
	2.41
	<0.001
	0.68
	1.73
	1.46
	2.05
	<0.001
	0.63

	IL-8
	4.12
	2.55
	6.67
	<0.001
	0.66
	2.64
	1.77
	3.94
	<0.001
	0.58

	PLGF
	4.38
	2.19
	8.74
	<0.001
	0.62
	2.52
	1.60
	3.97
	<0.001
	0.57

	PG-II
	1.11
	0.70
	1.75
	0.667
	0.51
	1.16
	0.86
	1.55
	0.332
	0.52

	sFLT1
	4.49
	1.24
	16.23
	0.022
	0.57
	2.62
	1.10
	6.23
	0.030
	0.55

	Symptoms

	Anemia
	3.47
	2.15
	5.60
	<0.001
	0.60
	1.80
	1.25
	2.58
	0.001
	0.54

	Abdominal pain
	0.67
	0.43
	1.06
	0.088
	0.45
	0.72
	0.54
	0.96
	0.027
	0.46

	Rectal bleeding
	0.93
	0.48
	1.78
	0.820
	0.50
	1.32
	0.90
	1.93
	0.159
	0.52

	Visible blood at defecation
	1.34
	0.85
	2.11
	0.207
	0.53
	1.53
	1.15
	2.05
	0.004
	0.55

	Loss of appetite
	0.72
	0.31
	1.68
	0.447
	0.49
	0.86
	0.52
	1.43
	0.568
	0.50

	Unexplained weight loss
	1.25
	0.77
	2.03
	0.377
	0.52
	1.03
	0.74
	1.43
	0.859
	0.50

	Change in bowel movements
	0.78
	0.50
	1.23
	0.288
	0.47
	0.99
	0.73
	1.33
	0.932
	0.50

	Black stool
	0.62
	0.19
	2.00
	0.420
	0.49
	0.86
	0.45
	1.65
	0.653
	0.50

	Medical data

	Age
	1.06
	1.03
	1.08
	<0.001
	0.66
	1.03
	1.02
	1.04
	<0.001
	0.60

	Sex (male)
	1.84
	1.17
	2.90
	0.008
	0.58
	1.57
	1.18
	2.08
	0.002
	0.56

	BMI
	1.03
	0.99
	1.07
	0.153
	0.47
	1.01
	0.99
	1.04
	0.313
	0.52

	History of cancer
	1.09
	0.60
	1.97
	0.777
	0.51
	0.97
	0.65
	1.43
	0.860
	0.50

	Prior FIT
	0.39
	0.24
	0.62
	<0.001
	0.61
	0.50
	0.37
	0.66
	<0.001
	0.59

	History of positive FIT*
	0.72
	0.17
	3.02
	0.657
	0.50
	0.97
	0.43
	2.17
	0.934
	0.50


Abbreviations: CRC; colorectal cancer, AA; advanced adenoma, IBD; inflammatory bowel disease, OR; odds ratio, CI; confidence interval, AUC; area under the curve, FIT; fecal immunochemical test, BMI; body mass index. 
*History of positive FIT defined as: a FIT-value meeting the Danish screening cut-off of ≥ 20 µg Hb/g prior to their inclusion in the study.


