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Background
The only curative treatment for colorectal cancer (CRC) remains to be surgery. Unfortunately, following surgery with curative intent, up to 15-20% of patients will experience recurrence of malignancy(1). Despite advances in surgical methods, including minimally invasive surgery, recurrence following surgery is the leading cause of morbidity and mortality for patients with colorectal cancer. Therefore, the risk of recurrence needs to be considered when deciding the treatment for the patient. 
Several research groups have developed different models to predict the risk of recurrence following colorectal surgery. (2–9) They discovered important clinical and pathological factors that can influence the risk of recurrence. However, they include some factors only available during or after surgery, why their use is limited in the preoperative setting. 
In the multidisciplinary team (MDT) meeting, surgeons, oncologists, pathologists, and radiologists assess each patient with CRC and determine the treatment approach. For example, suppose the risk of recurrence was available in this setting. In that case, a more tailored approach to the patient could be envisioned, offering either local or more extensive surgical procedures or preoperative oncological treatment. 
This study aimed to develop a prediction model for the risk of recurrence in patients with CRC to assist clinicians in the preoperative setting. 

Methods
Data sources
Data were acquired from the nationwide Danish Colorectal Cancer Database (DCCG). It contains prospectively collected clinical data input by clinicians. It was established in 2001 and validated in 2020 with an accuracy of 95%(10,11). It includes demographics, comorbidities, intra- and postoperative events, pathological assessments, and oncological treatment. 
Before analysis, all source data in DCCG was mapped to target concepts in the common vocabulary defined by the OMOP and stored in a CDM. Mapping was done in collaboration with an EHDEN licensed SME, EdenceHealth, and included manual mapping of all source data to target concepts by clinicians. In addition, a multidisciplinary team of clinicians and data scientists using tools did quality control of the CDM. 
Target population
We used data from the inception of the registry until April 2020. No patient was lost to follow-up. Recurrence is not routinely registered in DCCG, so we enriched our data with information on recurrence events using the validated Lash algorithm(12). The Lash algorithm uses data from the Danish National Patient Registry (NPR) and The Danish Registry of Pathology (DPR) to classify patients' recurrence. One of the following criteria must be met to classify a patient as recurring:
· A specific code for local colorectal cancer recurrence in the NPR any time after diagnosis. 
· DPR combinations indicating recurrence registered 180 or more days after the first colorectal cancer diagnosis and without a new primary cancer diagnosis.
· Metastases code registered in NPR 180 days after the first colorectal cancer surgery and without a new primary cancer diagnosis between the date of colorectal cancer surgery and the date of metastases. 
· Cytostatic therapy code registered in NPR 180 or more days after first colorectal cancer surgery and 60 or more days after the last cytostatic therapy code and without a new primary tumor in the period between colorectal cancer surgery and date of cytostatic therapy. 
All patients undergoing curative surgery for localized colorectal cancer were eligible for this study. Following the Lash algorithm, patients with an unknown cancer stage, metastatic disease, a previous cancer diagnosis (excluding non-melanoma skin cancer), and who died or was diagnosed with a new primary cancer within 180 days after surgery were excluded. 
The study population was followed from 180 days postoperatively until death, recurrence event, or end of follow-up (10th April 2020). 
Outcome
The outcome was recurrence within 5.5 years after surgery. 
Statistical methods
We used ATLAS to design predictive models. Patients were randomly split into two data sets, a training set containing 75% of patients and a test set containing 25% of patients. We applied three-fold cross-validation in the training set. We used default settings for LASSO logistic regression model. 
Results
We identified 25,290 patients that adhered to the cohort definitions, with 5,717 (22.6%) having a recurrence. The mean age was 69.59 (SD 10.92), and 54.5% were female. Table 1 displays baseline statistics. 
	Table 1, Baseline characteristics

	Number of patients
	25,290

	Gender
Female
Male
	
13,756 (54.4 %)
11,534 (45.6 %)


	Age, mean (SD)
	69.59 (10.9)

	Height in cm, mean (SD)
Missing
	171.2 (9.3)
12.4 %

	Weight in kg, mean (SD)
Missing
	77.0 (17.2)
11.9 %

	Surgical approach
Laparoscopic
Open
Endoscopic
Missing
	
12,972 (51.3 %)
9,487 (37.5 %)
1,175 (12.4 %)
1,656 (6.5 %)


	Surgical priority
Elective
Emergency
Missing
	
23,832 (94.2 %)
1,453 (5.7 %)
5 (0.0 %)


	Tumor localization
Colon
Rectum

	
16,808 (66.5 %)
8,493 (33.5 %)

	Tumor stage
T0
T1
T2
T3
T4
Missing

N0
N1
N2
Missing

M0
	
290 (1.1 %)
2,611 (10.3 %)
2.528 (10.0 %)
5.576 (22.0 %)
1.167 (4.6 %)
13,118 (51.9 %)

4.901 (19.3 %)
2.150 (8.5 %)
1.326 (5.2 %)
16913 (66.9 %)

25,290 (100 %)



Table 1, Baseline characteristics. BMI: Body mass index, WHO: World Health Organisation, ASA: American Society of Anaesthesiologist, T: tumor, N: Node, M: metastasis.
Applying the LASSO model included 71 of 179 covariates in the final model. The AUROC (95% CI) was 0.65 (0.63-0.65), and the AUPRC was 0.34 with a Brier score of 0.17. Table 2 shows the top five covariates with high and low association to recurrence. These include well-known covariates associated with recurrence, including T and N category and emergency operation. 



	Table 2, Top 10 covariates associated with risk of recurrence, identified by the LASSO logistic regression model

	Name
	Value

	Low association to the risk of recurrence

	Age group 90-94
	-0.75

	Local macroradical excision of colorectal tumor
	-0.39

	T1 category
	-0.39

	Age group 85-89
	-0.36

	N0 category
	-0.35

	High association to the risk of recurrence

	Transanal endoscopic microsurgery
	0.66

	Stent insertion into colon
	0.49

	Emergency operation
	0.42

	Age group 40-44
	0.22

	Age group 35-39
	0.21


Table 2, Overview of covariates associated with risk of recurrence. T: tumor, N: Node
Conclusion
[bookmark: _GoBack]Our model had decent discrimination with good calibration but is not ready for clinical usage. Even though DCCG contains some genomics information, we know that a deep phenotypical understanding of the tumor microenvironment is needed to adequately predict the risk of recurrence. Incorporating this in our CDM is in our pipeline. 
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