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Background
Postoperative complications in colorectal cancer surgery are associated with increased mortality in the immediate postoperative phase up to the first year after resection (1). They also have been reported to be associated with adverse long-term oncological outcomes (2). 

Predicting risk of postoperative complications can aid in decision-making for patients with colorectal cancer, e.g. whether a patient is a candidate for curative surgery, or also how closely a patient should be monitored in the early postoperative phase and determine how aggressive therapeutic interventions could be and whether a change in surgical strategy is appropriate. 

Postoperative complications are graded by severity in the Danish Colorectal Cancer Group (DCCG) database using the Clavien-Dindo complications classification, which can be seen in figure 1 (3). This grades the severity of the complication by the necessity, manner and invasiveness of a resulting intervention:
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 Figure 1: Overview of Clavien-Dindo postoperative complications scale (3)

The consequences of knowing whether a patient has a high risk of developing a severe complication that might require surgery, ICU admission or results in death, can be several. 

Patients with a high risk for severe postoperative complications might be candidates for pre-habilitation programs prior to surgery (4). An increased surveillance as to these patients in order to identify complications early in the postoperative phase and potentially lower mortality, can be another method for these high-risk patients (5). 

The American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) has previously used machine-learning methods, to construct a prediction model that had good predictive ability to predict specific complications in patients undergoing colorectal, pancreatic and liver resections (6). 

We developed a prediction model using the DCCG database to predict the risk of developing postoperative complications Clavien-Dindo ≥ 3B for patients undergoing colorectal cancer surgery. 

Methods
A Common Data Model was built using all data from the validated Danish Colorectal Cancer Group (DCCG) Database, a quality assurance database containing all colorectal cancer surgeries in Denmark since 2001.
ATLAS, R and the ‘OHDSI/PatientLevelPrediction’ package were used to create a prediction model using preoperatively available variables to predict postoperative complications 30 days after colorectal cancer surgery. Preoperative variable domains comprised conditions, measurements, procedures, observations and custom covariates of age groups and specific scales (e.g. ASA and Performance Score). Postoperative complications of Clavien-Dindo Grade 3B or higher were considered an outcome event. Data was split by person, and 25% of data were used for testing. Different models were constructed, wherein Lasso Logistic Regression was selected due to it performing best.
Results
From 2014-2019, 23.738 patients underwent surgery for colorectal cancer in Denmark and were recorded in the DCCG database.
2.781 patients (11.7%) experienced a Clavien-Dindo complication grade ≥ 3B. The PLP was able to predict patients at elevated risk for postoperative complications using 77 out of 156 preoperatively known covariates with AUC = 0.675 (0.654-0.679, and AUPRC = 0.227. The calibration plot of the testing set can be seen in figure 2, while the prevalence of variables with and without the outcome can be seen in figure 3. Calibration of the testing set was good, with CalibrationInLarge 1.00 (ratio of mean predicted risk/mean observed risk), CalibrationIntercept -0.08 and CalibrationSlope 0.95. Brier score was 0.10.
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Figure 2: Calibration of covariates in testing set for prediction of postoperative complications after colorectal cancer surgery
[image: ]
Figure 3: Prevalence of variables with and without the outcome of postoperative complications after colorectal cancer surgery
Predictors in the model used to calculate risk, were found to be in agreement with the current literature. Those predicted to have the outcome more often were patients with an ASA score of 4, Performance score ≥ 2, undergoing abdominal colectomies, requiring emergency surgery, and were more often > 95 or < 40 years of age. Similarly, variables in the model identified more often in those that did not have complications were often more minor procedures such as endoscopic resections, lower T-stages and patients with a normal or slightly elevated BMI.  

Conclusion
Predicting the occurrence of complications after surgery for colorectal cancer using only preoperative variables from the DCCG database in this model is not yet up to a sufficient standard for use in a clinical setting. The heterogeneity of postoperative complications provide a challenge for predictions in a single model. Utilizing additional data sources containing more in depth phenotypic data might ameliorate prediction models to where they can assist decision-making in personalized medicine, especially when used in conjunction with other models to create a risk profile.
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Grade | Definition
GradeI | Any deviation from the normal postoperative course without the need for pharmacological treatment or
surgical, endoscopic, and radiological interventions
Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgetics, diuretics, electrolytes,
and physiotherapy. This grade also includes wound infections opened at the bedside
Grade II | Requiring pharmacological treatment with drugs other than such allowed for grade I complications
Blood transfusions and total parenteral nutrition are also included
Grade Requiring surgical, endoscopic or radiological intervention
111
IITa Intervention not under general anesthesia
IIIb Intervention under general anesthesia
Grade Life-threatening complication (including CNS complications)* requiring IC/ICU management
IV
IVa Single organ dysfunction (including dialysis)
IVb Multiorgan dysfunction
Death of a patient

Grade V

*Brain hemorrhage, ischemic stroke, subarachnoid bleeding, but excluding transient ischemic attacks.

CNS, central nervous system; IC, intermediate care; ICU, intensive care unit.

https://doi.org/10.1371/journal.pone.0222570.t001
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