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Simple Summary: The objective was to develop and internally validate a predictive model based
on preoperative predictors, including geriatric characteristics, for severe postoperative complica-
tions after elective surgery for stage I–III CRC in patients ≥70 years. Potential predictors included
demographics, comorbidity, tumour location, activities of daily living (ADL), history of falls, mal-
nutrition, risk factors for delirium, use of mobility aid and polypharmacy. The least absolute
shrinkage and selection operator (LASSO) method was used for predictor selection and prediction
model building. A geriatric model that included gender, previous DVT or pulmonary embolism,
COPD/asthma/emphysema, rectal cancer, the use of a mobility aid, ADL assistance, previous delir-
ium and polypharmacy showed satisfactory discrimination with an AUC of 0.69 (95% CI 0.73–0.64);
the AUC for the optimism corrected model was 0.65. An eight-item colorectal geriatric model (Ger-
CRC) was developed. After external validation, this risk model has the potential to be used for
preoperative (shared) decision-making.

Abstract: Introduction Older patients have an increased risk of morbidity and mortality after colorec-
tal cancer (CRC) surgery. Existing CRC surgical prediction models have not incorporated geriatric
predictors, limiting applicability for preoperative decision-making. The objective was to develop
and internally validate a predictive model based on preoperative predictors, including geriatric
characteristics, for severe postoperative complications after elective surgery for stage I–III CRC in
patients ≥70 years. Patients and Methods: A prospectively collected database contained 1088 consec-
utive patients from five Dutch hospitals (2014–2017) with 171 severe complications (16%). The least
absolute shrinkage and selection operator (LASSO) method was used for predictor selection and
prediction model building. Internal validation was done using bootstrapping. Results: A geriatric
model that included gender, previous DVT or pulmonary embolism, COPD/asthma/emphysema,
rectal cancer, the use of a mobility aid, ADL assistance, previous delirium and polypharmacy showed
satisfactory discrimination with an AUC of 0.69 (95% CI 0.73–0.64); the AUC for the optimism cor-
rected model was 0.65. Based on these predictors, the eight-item colorectal geriatric model (GerCRC)
was developed. Conclusion: The GerCRC is the first prediction model specifically developed for
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older patients expected to undergo CRC surgery. Combining tumour- and patient-specific predictors,
including geriatric predictors, improves outcome prediction in the heterogeneous older population.

Keywords: colorectal cancer; surgery; frailty; prediction; postoperative complications

1. Introduction

Older patients make up the majority of newly diagnosed patients with colorectal
cancer (CRC) [1], and for this heterogeneous population, risks and benefits of treatment
must be weighed at an individual level [2–5]. Prediction models can be used to facilitate
decision-making and estimate outcomes of treatment such as surgery-related morbidity
and mortality. Especially severe complications are of interest because they hinder the
postoperative course and impact postoperative functioning and quality of life of older
patients [6–8].

For older patients with CRC, potential predictors for these outcomes include phys-
ical performance measures [9–11], falls and cognitive impairments [12,13]. However, in
currently available prediction models, there is a focus on cancer- and surgery-related pre-
dictors. At the same time, the inclusion of perioperative predictors in many models limits
their use for preoperative decision-making [14–16].

We have previously shown that most available CRC prediction models have a mod-
erate to high risk of bias, especially in older adults [17]. That also applies to the three
surgical risk prediction models for prediction of severe complications: the Physiology and
Operative Severity Score for the Enumeration of Mortality and Morbidity (POSSUM) [14],
Colorectal Biochemical and Hematological Outcome Model (CR-BHOM) [18] and the
American College of Surgeons National Surgical Quality Improvement Program (ACS-
NSQIP) [10,19]. Predictors related to geriatric characteristics might improve a prediction
model’s performance for older CRC patients [13,20].

This study aimed to develop and internally validate a prognostic preoperative clinical
model for severe postoperative complications after elective surgery for stage I–III CRC,
intended to support shared decision-making with older patients. We analysed data from a
large population-based cohort of patients ≥70 years.

2. Materials and Methods
2.1. Data and Participants

This study is reported in accordance with the recommendations set forth by The
Transparent Reporting of a Multivariable Prediction Model for Individual Prognosis or
Diagnosis (TRIPOD) Initiative [21]. Ethical approval was obtained the Medical Ethics
Committee Southwest Holland (September 2016) and informed consent were waived due
to the retrospective nature of this study.

Five Dutch hospitals provided data for this study. Patient demographic data, as
well as outcome data, were retrieved from the Dutch Colorectal Audit (DCRA) between
January 2014 and December 2017. The DCRA is a national mandatory surgical database
that contains pre-, peri- and postoperative surgical and outcome data on all operated CRC
patients in the Netherlands as part of a national quality improvement project. From the
electronic medical records (EMRs), geriatric data were retrieved that were registered as
part of standard preoperative care.

Patients who were 70 years or older on the day of surgery were identified from the
DCRA. All consecutive patients are prospectively enrolled in this database by qualified
staff [22]. Eligible for inclusion were patients with elective surgery for stage I–III CRC.
Exclusion criteria were synchronous cancer at diagnosis and nonelective or transanal
endoscopic microsurgery (TEMS).

In all participating hospitals, both laparoscopy and Enhanced Recovery After Surgery
(ERAS, anaesthesiology guidelines and postoperative care) [23] were considered the stan-
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dard of care and therefore most likely used in the majority of patients. Other standard care
measures and interventions during the study period were the detection of undernutrition
and dietary support when needed, postoperative physiotherapy in case of functional depen-
dency (activities of daily living (ADL)) and early detection of delirium in high-risk patients.

The risk of malnutrition is assessed preoperatively with the screening tools Short
Nutritional Assessment Questionnaire (SNAQ) [24] or Malnutrition Universal Screening
Tool (MUST) [25]. Additional information is collected on high-risk patients using a more
comprehensive intake with additional nutritional interventions by a dietician when needed.

2.2. Outcome

A complication was defined as in-and-out of hospital morbidity (of any kind) within
30 days of surgery. A severe complication was defined as a complication leading to
ICU admission (more than 2 days), a reintervention (surgical or radiological), prolonged
hospital stay (more than 14 days) or postoperative mortality. This is consistent with
previous publications in which outcome data from the DCRA were analysed [26].

2.3. Predictors

A systematic review of prediction models for adverse outcomes of CRC was used
to identify commonly used predictors in younger and older patients [17]. Candidate
predictors that were available from the DCRA database included demographic information
(age, gender, body mass index (BMI)), tumour stage and location, American Society of
Anesthesiologists (ASA) score and comorbidity. Comorbidity included previous abdominal
surgery, cardiac comorbidity (including arrhythmias, myocardial infarction, cardiac surgery
and cardiomyopathy), pulmonary comorbidity (COPD/asthma/emphysema and other)
and previous thromboembolic conditions such as pulmonary embolism (PE) or deep
venous thrombosis (DVT). From the comorbidity data, a Charlson Comorbidity Index (CCI)
was calculated [27].

From the EMR, the following preoperative additional candidate predictors were
extracted: undernutrition (or at risk of becoming undernourished), functional impairment,
the use of a mobility aid (the use of a cane, crutches, a walking frame or wheelchair) and
the risk of delirium and falls in the past 6 months. Functional impairment was assessed
with the six-item Katz ADL [28] consisting of questions regarding bathing, dressing, using
the toilet, eating, transferring from bed to chair and the use of incontinence materials.
Risk for delirium was assessed using three yes or no questions concerning a previous
delirium during hospitalisation, self-reported need for ADL assistance (in the past 24 h)
and self-reported cognitive impairment. Polypharmacy (using five or more prescribed
medications) was based on preoperative medication/prescriptive data from the EMR. All
predictors from the EMR had been registered on the day of hospital admission or in the
weeks before surgery (up to 6 weeks).

2.4. Statistical Analysis

Data were inspected for missing variables. Missing predictor data were estimated
in a regression model using all other predictor variables and outcomes as independent
variables. Missing data on candidate predictors were subsequently imputed with a single
imputation technique and used for final predictor selection and model development.

Baseline characteristics were reported as means with standard deviation (SD) or as
frequencies and percentages. Before imputation, candidate predictors were related to the
outcome using univariable logistic regression analysis to estimate odds ratio (OR) with
corresponding 95% confidence interval (CI) and p-value.

To investigate the added value of geriatric predictors, two models were created. A
“demographic model” included only preoperative demographic predictors, comorbidity,
tumour location and stage and ASA score. For a “geriatric” model, the geriatric predictors
from the EMR were added to all candidate predictors from the demographic model.
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The questions of the Katz ADL, self-reported need for ADL assistance, previous
delirium and self-reported cognitive impairments (classified as a risk for delirium) were
added as a categorical predictor on an individual level and dichotomised (Katz ADL ≥2
and risk for delirium ≥1). Because of expected collinearity between Katz ADL questions
and the self-reported need for ADL assistance, either the Katz ADL or self-reported ADL
assistance was used as a candidate predictor.

In both the demographic and geriatric model, the final model selection was obtained
using the least absolute shrinkage and selection operator (LASSO) method. LASSO applies
a penalty on the absolute value of the regression coefficients, such that some are set to zero,
whereas others are shrunk towards smaller (absolute) values. Variables that are shrunk
to zero are omitted from the model. The goal of this process is to minimise the prediction
error. Compared to backward selection, the addition of shrinkage may improve model
performance by avoiding overfitting and miscalibration [29].

The validity of both models was tested by performing bootstrap validation with
500 replications and optimism correction. The discriminative predictive performance of
the models was demonstrated with the area under the curve (AUC). For the optimism
corrected model, no valid 95% CI can be calculated. The final shrunk coefficients from the
LASSO were used to generate a score chart, which is intended as a clinical tool. The shrunk
β coefficients from the geriatric model were rounded for selection in the simplified clinical
tool. Predictors with a β of less than 0.1 were therefore not selected for the clinical tool
to increase the robustness of the model [29]. At least 1 point was given to each predictor
included. Subsequent risk groups were created based on at least 70 observations in each
risk category.

Imputation, LASSO shrinkage and bootstrap validation were analysed with R, version
3.5.2 (R Foundation for Statistical Computing, Vienna, Austria) using “mice”, “rms” and
“glmnet” packages. All other analyses were performed using SPSS version 23.0 (SPSS, Inc.,
Chicago, IL, USA).

3. Results
3.1. Participants

The total cohort consisted of 1366 older patients who underwent colorectal resection
between January 2014 and December 2017 (Figure 1). From one hospital, data were only
available from January 2014 until December 2015 because of a change in EMR registration.
There were no missing demographic data (Table 1). The number of complete cases was 977
(89.8%); 87 cases (8%) had one missing candidate predictor, and 24 (2%) had two or more
missing candidate predictors. Mean age was 77.7 (SD 5.2); there were 498 (46%) females,
270 (25%) patients with rectal cancer and 354 (33%) patients with an ASA score of III or IV.

3.2. Model Development

There were 171 patients (16%) with one or more severe complications recorded; 51 pa-
tients were admitted to the ICU for more than two days, 26 of whom had a reintervention.
A total of 121 patients (including 29 ICU patients) had a hospital stay of >14 days; 30-day
mortality was 1.7% (n = 19). The distribution of severe complications is available in the
Appendix A (Table A1).

Unadjusted associations between each candidate predictor and severe complications
are shown in Table 1 and the Appendix A (Table A2). For the demographic model develop-
ment, with only demographic candidate predictors, the final predictors were age, gender,
COPD/asthma/emphysema, previous PE or DVT, ASA score and tumour location. The
AUC of the demographic model was 0.65 (95% CI 0.62–0.70), which was corrected to AUC
0.62 after internal validation.

The discriminatory performance of the preoperative model improved to 0.69 (95% CI
64–0.73) when the geriatric predictors delirium, cognitive impairments, ADL assistance, the
use of mobility aid and polypharmacy were included. The optimism corrected AUC was
0.65. Table 2 shows the regression coefficients of the demographic and geriatric models.
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When the predictors Katz ADL (instead of self-reported ADL assistance) and risk
for delirium (score ≥1) were included as candidate predictors in the geriatric model, this
yielded an AUC of 0.69 (95% CI 0.65–0.73) after internal validation and an AUC of 0.65 in
the optimism corrected model. Judged by its clinical applicability, we used the first model
(with self-reported ADL assistance) for further risk score development.
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Table 1. Baseline characteristics and univariable associations with severe complications.

No Patients = 1088 Odds Ratio
(95% CI)

Missing All Severe Complication

Predictors Yes No p–Value

Demographics
Age Years (mean and SD) – 77.67 (5.2) 78.5 (5.2) 77.51 (5.1) 1.038 (1.01–1.07) 0.017
Age Categories

70–74 – 383 (35) 47 (12) 336 (88) reference
75–79 – 353 (32) 62 (18) 291 (82) 1.52 (1.01–2.30) 0.044
80–84 – 241 (22) 40 (17) 201 (83) 1.42 (0.90–2.25) 0.13
85+ – 111 (10) 22 (20) 89 (80) 1.77 (1.01–3.09) 0.045

Gender –
Females – 498 (46) 60 (12) 439 (88) reference
Males – 590 (54) 111 (19) 479 (81) 1.69 (1.2–2.38) 0.002

BMI kg/m2 (mean and SD) – 26.48 (11.4) 26.8 (4.4) 26.4 (12.3) 1 (0.99–1.01) 0.71
BMI Categories

<25 kg/m2 – 464 (43) 62 (13) 402 (87) reference
25–30 kg/m2 – 467 (43) 81 (17) 386 (83) 1.36 (0.95–1.95) 0.09
>30 kg/m2 – 157 (14) 28 (18) 129 (82) 1.41 (0.86–2.29) 0.17

Comorbidity
History of Abdominal Surgery – 460 (42) 75 (16) 385 (84) 1.08 (0.78–1.50) 0.65
Cardiac Comorbidity – 401 (37) 74 (18) 327 (82) 1.38 (0.99–1.92) 0.06
COPD/Asthma/Emphysema – 110 (10) 30 (27) 80 (73) 2.27 (1.41–3.51) 0.001
Previous PE or DVT a – 52 (5) 15 (29) 37 (71) 2.56 (1.25–4.44) 0.008
Charlson Comorbidity Index

(median and range) 1 (0–2) 1 (0–8) 1 (0–7) 1.27 (1.03–1.56) 0.022

Comorbidity CCI ≥ 2 – 392 (36) 76 (19) 318 (81) 1.49 (1.07–2.07) 0.02
ASA Score (mean and SD) 2.3 (0.6) 2.4 (0.7) 2.2 (0.6) 1.61 (1.24–2.07) <0.001

I–II – 734 (67) 97 (13) 637 (87) reference
III–IV – 354 (33) 74 (21) 280 (79) 1.74 (1.24–2.42) 0.001

Tumour Location
Colon – 818 (75) 120 (15) 698 (85) reference
Rectum – 270 (25) 51 (19) 219 (81) 1.35 (0.94–1.94) 0.099

Tumour Stage
I – 336 (31) 54 (16) 282 (84) reference
II – 411 (38) 63 (15) 348 (85) 0.95 (0.64–1.04) 0.78
III – 341 (31) 54 (16) 287 (84) 0.98 (0.65–1.48) 0.93

Surgical Approach
Laparoscopic – 877 (81) 119 (14) 758 (86) reference
Open – 211 (19) 52 (25) 159 (75) 2.08 (1.44–3.01) <0.001

Geriatric
Katz ADL (mean and SD) 15 0.3 (0.8) 0.5 (1.3) 0.2 (0.7) 1.38 (1.18–1.61) <0.001

score ≥2 65 (6) 22 (34) 43 (66) 2.97 (1.73–5.11) <0.001
Reported Falls 76 129 (12) 24 (19) 105 (81) 1.19 (0.74–1.92) 0.47
Risk for Malnutrition 12 215 (20) 37 (17) 156 (73) 1.35 (0.90–2.02) 0.1
Risk for Delirium (mean and SD) 18 0.3 (0.6) 0.5 (0.8) 0.2 (0.6) 1.69 (1.34–2.12) <0.001

Delirium Score ≥1 210 (19) 56 (27) 154 (73) 2.38 (1.65–3.42) <0.001
Medication Use (mean and SD) 18 4 (0–17) 5 (0–17) 4 (0–16) 1.1 (1.05–1.56) <0.001

Polypharmacy (No. ≥5) 490 (45) 103 (21) 387 (79) 2.18 (1.55–3.07) <0.001
Preoperative Use of a Mobility Aid 21 191 (18) 51 (27) 116 (61) 2.39 (1.64–3.47) <0.001

Mean with Standard Deviation (SD). Median with (range) and frequencies with percentage (%). Odds Ratio’s with 95% Confidence Interval
(CI). a PE, Pulmonary Embolism; DVT, Deep Venous Thrombosis.



Cancers 2021, 13, 3110 7 of 13

Table 2. Model development and multivariable regression coefficients after shrinkage.

Demographic Model Geriatric Model

Predictors Beta a Beta a

Cohort model estimates
Intercept −6.64 −2.64
Age (for every 10 years) 0.14 0.04
Male gender 0.26 0.32
BMI, kg/m2 – –
History of abdominal surgery – –
Cardiac comorbidity – –
COPD/asthma/emphysema 0.27 0.34
Previous PE or DVT b 0.37 0.35
ASA score 0.2 0.02
Rectal tumour 0.03 0.12
Tumour stage * –
Reported falls * –
Risk for malnutrition * –
Previous delirium * 0.33
Self-reported cognitive impairment * 0.09
Self-reported need for ADL assistance * 0.16
Mobility aid * 0.43
Polypharmacy (≥5) * 0.35
Model performance (AUC)
Model after bootstrapping 0.648 0.687
Optimism corrected model 0.623 0.650

a Regression coefficient after shrinkage using LASSO. – candidate predictor was not selected after shrinkage. * candi-
date predictor was not used in model development. b PE, Pulmonary Embolism; DVT, Deep Venous Thrombosis.

3.3. Clinical Prediction Model

For the development of a clinically useful prediction model and tool, the regression
coefficients from the geriatric model were used to develop the geriatric colorectal cancer
model (GerCRC). After rounding, age (every 10 years, b = 0.04), ASA score (b = 0.02) and
self-reported cognitive impairment (b = 0.09) were omitted due to their marginal effect
(b < 0.1).

Based on the weight of the regression coefficients, all predictors were given 2 points
except for tumour location (1 point) and the (self-reported) need for ADL assistance
(1 point). In the simplified model, a total of 14 points can be obtained (Table 3). The number
of patients with a score of 0 was 171 (16%), and the number of patients with a score of 1
was 46 (4%). The maximum score obtained by patients in our study was 11; this score was
obtained for three patients, of whom two (67%) had a severe complication.

Table 3. Geriatric colorectal cancer model (GerCRC) score chart.

Characteristic Score

Male gender 2
COPD/asthma/emphysema 2
Previous PE or DVT a 2
Rectal cancer 1
Mobility aid 2
Previous delirium 2
Need for ADL assistance 1
Polypharmacy 2
Total Score (add all)
Probability of developing a severe complication (Table 3) %

a PE, pulmonary embolism; DVT, deep venous thrombosis.

After grouping patients with a score of 0–1 and 7 or higher, Table 4 shows the cor-
responding predicted proportion of complications with corresponding sensitivity and
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specificity. At a score of 5, the difference between predicted risk and observed risk was 6%
(19% versus 13%); at a score of 7, this was 14% (31% versus 45%, respectively).

Table 4. Probability of severe complications after CRC surgery in relation to the sum score from
Table 3.

Score from
Table 3

Events/No.
Cases Predicted Sensitivity a Specificity a +LR b −LR b

0–1 18/217 10% 1 0 1 -
2 28/293 13% 0.89 0.22 1.14 0.49
3 20/139 14% 0.73 0.51 1.48 0.53
4 37/198 17% 0.61 0.64 1.69 0.61
5 11/86 19% 0.40 0.81 2.11 0.74
6 23/80 23% 0.33 0.89 3.12 0.75
7-or higher 34/75 31% 0.20 0.96 4.45 0.84

a Sensitivity and specificity based on the development cohort. b LR, likelihood ratio; +, positive; −, negative.

4. Discussion

This study set out to establish what factors are associated with severe postoperative
complications after CRC surgery in order to develop a preoperative clinical prediction
model for older patients. Based on tumour and preoperative registry and geriatric data of
1088 patients, the use of a mobility aid, risk factor for delirium and polypharmacy were
identified as strong and important predictors for severe complications after surgery for
CRC. Adding geriatric predictors to demographic and tumour-related predictors improved
the model’s prognostic accuracy for older patients. With an AUC of 0.65 after optimism
correction, stronger predictions are needed for better discrimination.

Gender, COPD/asthma/emphysema, previous PE or DVT, rectal cancer, previous
delirium, self-reported need for ADL assistance and polypharmacy were selected as predic-
tors to develop the GerCRC clinical prediction model. Gender, rectal cancer and severe co-
morbidity are well-known predictors for poor outcomes of colorectal surgery, also in older
patients [26]. We recently showed strong associations between ADL and postoperative
complications [13] in line with other studies in older CRC and non-CRC patients [30–32].
A recent geriatric pilot of the ACS-NSQIP among orthopaedic and vascular surgery pa-
tients also identified physical functioning, the use of a mobility aid preoperatively and
cognitive functioning as important predictors for 20 of the 25 outcomes measured [20]. For
polypharmacy and postoperative outcomes, results have been conflicting [33].

In contrast to other prediction models for mortality, anastomotic leakage or surgical
site infections [9,11,15,34,35], age and ASA score had no additional predictive value in
our study. This is in accordance with a study among older patients with CRC referred for
GA [32]. Several explanations can be put forward. First, because our study population
was limited to older patients, the age distribution is smaller and therefore less likely to be
discriminative. Possibly, in our model, calendar age (and possibly ASA score) were replaced
by measures of age-related problems such as cognitive functioning, functional performance
and comorbidity. Second, in the Netherlands, national guidelines recommend geriatric
screening of older patients scheduled for CRC surgery to identify high-risk surgical patients
and guide interventions or adapt treatment plans. This means our study population could
be somewhat selected, as we have no information on the nonsurgically treated older
patients in our cohort.

After interval validation, the expected discrimination of our model was 0.65. Because
we aimed to develop a model that can be used in preoperative decision-making, we did
not include perioperative predictors such as the surgical technique (laparoscopic surgery
or not) or complications. Moreover, high-risk patients such as patients with metastatic
disease or acute surgery [4] were not included. When these predictors and patients were
added, the GerCRC model performance improved (data not shown). When our GerCRC
model is externally validated, more focus will be placed on the calibration of the different
risk groups to judge the performance and clinical usefulness of this model [36].
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A head-to-head comparison with the POSSUM [14], CR-BHOM [18] and ACS-NSQIP
original and recently published universal model [10,19] should be made with caution
because of differences in the definition of severe complications, the use of perioperative
predictors and the lack of external validation. The GerCRC model is the only model that
uses a prolonged length of hospital stay in the definition of a severe complication, account-
ing for a possible negative impact of a prolonged hospital stay on physical functioning and
quality of life. The use of perioperative predictors in the other models limits preoperative
decision-making.

External validation for all models (including the GerCRC model) has not been per-
formed or was shown to be somewhat disappointing for older patients. The POSSUM
was shown to overpredict complication and mortality risk. A recent evaluation of the
performance of the POSSUM in 1380 U.K. patients (with surgery between 2008 and 2013)
confirmed its poor discriminatory performance for severe complications (AUC 0.51) [37].
The discriminatory performance for prediction morbidity in 204 Portuguese octogenarians
was 0.65 for the POSSUM and 0.66 for the CR-BHOM model with poor calibration [38].
The original ACS-NSQIP surgical risk model was not specifically developed for colorectal
cancer surgery. Moreover, the accuracy of the universal ACS-NSQIP model for severe
complications and its performance for outcomes in older CRC patients have not been
published. The accuracy of the universal ACS-SNQIP model for severe complications in
200 older gynecologic oncology patients undergoing laparotomy (2009–2013) was only 0.62,
also with poor calibration [39]

To account for possible heterogeneity between cohorts [29], external validation of the
proposed prediction models is required. Changes in the healthcare setting and geographic
differences are also reasons for periodic updating and recalibration [40]. That concerns
both the ACS-NSQIP model, which has not been validated outside the United States, and
the GerCRC model. A more detailed comparison of the preoperative GerCRC, CR-BHOM
and ACS-NSQIP models is shown in the Appendix A (Table A3).

The strengths of our study are the reasonable sample size of high-quality prospectively
collected data, the inclusion of geriatric predictors and the use of statistical techniques
to take into account possible optimism. A limitation of our study is the relatively low
number of index events in our model development. Only 16% of the patients experienced
a severe complication. With 19 candidate predictors, the 10:1 ratio was exceeded, which
is suggested to decrease the risk of selecting noise predictors [41]. However, no previous
unknown predictors were selected. We further note that self-reported physical function
can be overestimated in some older patients [42]. In addition, in the present study, patients
were only included in the analysis when surgery was performed. Hence, the results do
not apply to patients who were considered too frail for surgery. However, the Netherlands
cancer registry shows that only 5% of patients with colon cancer over age 70 and 20% of
rectal cancer patients do not receive surgical treatment [43].

Providing accurate prognostic information to older CRC patients concerning the
possible risks and benefits of their surgical treatment is important for several reasons.
Prediction tools enable discussing risks of adverse treatment outcomes with a potential
negative effect on quality of life and physical functioning [44] and improve the likelihood
that treatment decisions are consistent with the needs, values and preferences of patients.
Furthermore, they can direct alternative treatment options when available, and, finally,
when high-risk populations can be identified, interventions aimed to improve surgical
outcomes may become feasible. Therefore, the pre-CRC model has good potential to be
used for preoperative decision-making, providing better and more accurate estimates of
the risk of surgery.

Possible future research could study whether outcomes of surgery improve when
predictors of complications such as low physical functioning and pulmonary comorbidity
are corrected or improved by preoperative interventions such as prehabilitation [45], pul-
monary optimisation [46] and geriatric comanagement [47]. It is possible that the GerCRC
model can be improved in the future by adding information on cognitive functioning.
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5. Conclusions

The GerCRC is the first prediction model specifically developed for older patients
expected to undergo CRC surgery. Combining tumour and geriatric predictors in the Ger-
CRC model modestly improves performance in the heterogeneous older population. After
external validation, this risk model could serve as a basis for preoperative decision-making.
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Appendix A

Table A1. Specification of One or More Severe Complications.

Total (%) Reintervention ICU > 2 Days LOS > 14 Days 30-Day Mortality

Reintervention 100 (9) x 26 58 10
ICU admission > 2 days 51 (5) 26 x 29 6
Length of hospital stay (LOS) > 14 days 124 (11) 58 29 x 1
30-day mortality 19 (2) 10 6 1 x
1 or more severe complications (total) 171 (16) 100 44 114 19

Frequencies with percentage (%). ICU, intensive care unit; LOS, length of hospital stay. Some patients had more than one complication,
including ICU admittance for >2 days with a reintervention of a total hospital stay of >14 days.

Table A2. Geriatric Predictors of Severe Complications

Patients
(n = 1088)

Severe Complications
(n = 171)

Predictor Missing (%) No. (SD/%) Yes (%) No. (%) OR (95% CI) p-Value
Individual Questions
Katz ADL
Dressing 15 (1) 63 (6) 20 (32) 43 (68) 2.67 (1.53–4.66) 0.001
Bathing 16 (1) 74 (7) 20 (27) 54 (73) 2.09 (1.22–3.60) 0.007
Incontinence 20 (2) 96 (9) 23 (24) 73 (76) 1.77 (1.07–2.92) 0.026
Transfer 17 (2) 19 (2) 11 (58) 8 (42) 7.6 (2.10–27.49) 0.002
Eating 19 (2) 12 (1) 5 (42) 7 (58) 3.89 (1.22–12.40) 0.02
Toilet 15 (1) 25 (2) 10 (40) 15 (60) 3.7 (1.63–8.38) 0.002
Previous delirium 41 (4) 57 (5) 18 (32) 39 (68) 2.63 (1.46–4.71) 0.001
Self-reported cognitive
impairment 18 (2) 145 (13) 36 (25) 109 (75) 1.95 (1.28–2.96) 0.002

Need for ADL assistance 29 (3) 80 (7) 24 (30) 56 (70) 2.47 (1.48–4.10) 0.001

Mean with standard deviation (SD) and frequencies with percentage (%). Odds ratios (OR) with 95% confidence interval (CI).
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Table A3. Comparison of Three Preoperative Risk Prediction Models

Model Name GerCRC ACS-NSQIP Universal Model CR-BHOM

Year 2019 2013 [19] 2011 [48]

Population CRC surgery
(Mean age 77)

CR surgery
(Mean age 61)

CRC surgery
(Mean age 74)

Definition Severe Any complication leading to death,
ICU admission >2 days,
reintervention, or a hospital stay
>14 days

Deep wound infection, wound
disruption, CVA, MI, cardiac arrest, PE,
ventilator dependence, AKI, major
bleeding, sepsis

Anastomotic leakage, abscess,
bleeding or bowel
obstruction (not including
mortality)

Complications

No. Predictors 8 15 5

Predictors

Gender, COPD/asthma/emphysema,
Previous PE or DVT, rectal cancer,
mobility aid, previous delirium, need
for ADL assistance, polypharmacy

Age, tumour stage, COPD, dyspnoea,
BMI, functional dependency, creatinine,
albumin, PT time, sepsis, operative
urgency, disseminated cancer,
indication for surgery, surgical extent,
wound class

Age, urea, sodium, albumin,
operative urgency

Development AUC 0.69 (0.65 #) 0.72 0.70
External AUC none none 0.66 *
External calibration none none Poor-fit *

# Optimism corrected model. * Observational study across 182 octogenarians with malignant and nonmalignant indications for colorectal
surgery. Complications defined as Clavian Dindo Grade II or higher. PE, pulmonary embolism; DVT, deep venous thrombosis; CVA,
cerebral vascular accident; BMI, body mass index; PT, prothrombin time; AKI, acute kidney injury; MI, myocardial infarction.

References
1. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2016. CA Cancer J. Clin. 2016, 66, 7–30. [CrossRef] [PubMed]
2. Hamaker, M.E.; Prins, M.C.; Schiphorst, A.H.; van Tuyl, S.A.; Pronk, A.; van den Bos, F. Long-term changes in physical capacity

after colorectal cancer treatment. J. Geriatr. Oncol. 2015, 6, 153–164. [CrossRef] [PubMed]
3. Dekker, J.W.; Gooiker, G.A.; Bastiaannet, E.; van den Broek, C.B.; van der Geest, L.G.; van de Velde, C.J.; Tollenaar, R.A.; Liefers,

G.J.; Steering Committee of the ‘Quality Information System Colorectal Cancer’ Project. Cause of death the first year after curative
colorectal cancer surgery; a prolonged impact of the surgery in elderly colorectal cancer patients. Eur. J. Surg. Oncol. 2014, 40,
1481–1487. [CrossRef]

4. Gooiker, G.A.; Dekker, J.W.; Bastiaannet, E.; van der Geest, L.G.; Merkus, J.W.; van de Velde, C.J.; Tollenaar, R.A.; Liefers, G.J. Risk
factors for excess mortality in the first year after curative surgery for colorectal cancer. Ann. Surg. Oncol. 2012, 19, 2428–2434.
[CrossRef] [PubMed]

5. Kolfschoten, N.E.; Wouters, M.W.; Gooiker, G.A.; Eddes, E.H.; Kievit, J.; Tollenaar, R.A.; Marang-van de Mheen, P.J. Nonelective
colon cancer resections in elderly patients: Results from the dutch surgical colorectal audit. Dig. Surg. 2012, 29, 412–419.
[CrossRef]

6. Gonzalez-Saenz de Tejada, M.; Bilbao, A.; Bare, M.; Briones, E.; Sarasqueta, C.; Quintana, J.M.; Escobar, A. Association of social
support, functional status, and psychological variables with changes in health-related quality of life outcomes in patients with
colorectal cancer. Psychooncology 2016, 25, 891–897. [CrossRef]

7. Couwenberg, A.M.; de Beer, F.S.A.; Intven, M.P.W.; Burbach, J.P.M.; Smits, A.B.; Consten, E.C.J.; Schiphorst, A.H.W.; Wijffels,
N.A.T.; de Roos, M.A.J.; Hamaker, M.E.; et al. The impact of postoperative complications on health-related quality of life in older
patients with rectal cancer; a prospective cohort study. J. Geriatr. Oncol. 2018, 9, 102–109. [CrossRef]

8. van Abbema, D.; van Vuuren, A.; van den Berkmortel, F.; van den Akker, M.; Deckx, L.; Buntinx, F.; van Kampen, R.; Lambooij,
E.; de Boer, M.; de Vos-Geelen, J.; et al. Functional status decline in older patients with breast and colorectal cancer after cancer
treatment: A prospective cohort study. J. Geriatr. Oncol. 2017, 8, 176–184. [CrossRef]

9. Murray, A.C.; Mauro, C.; Rein, J.; Kiran, R.P. 30-day mortality after elective colorectal surgery can reasonably be predicted. Tech.
Coloproctol. 2016, 20, 567–576. [CrossRef]

10. Cohen, M.E.; Bilimoria, K.Y.; Ko, C.Y.; Hall, B.L. Development of an American College of Surgeons National Surgery Quality
Improvement Program: Morbidity and Mortality Risk Calculator for Colorectal Surgery. J. Am. Coll. Surg. 2009, 208, 1009–1016.
[CrossRef]

11. Kiran, R.P.; Attaluri, V.; Hammel, J.; Church, J. A novel nomogram accurately quantifies the risk of mortality in elderly patients
undergoing colorectal surgery. Ann. Surg. 2013, 257, 905–908. [CrossRef]

12. Souwer, E.T.D.; Verweij, N.M.; van den Bos, F.; Bastiaannet, E.; Slangen, R.M.E.; Steup, W.H.; Hamaker, M.E.; Portielje, J.E.A. Risk
stratification for surgical outcomes in older colorectal cancer patients using ISAR-HP and G8 screening tools. J. Geriatr. Oncol.
2018, 9, 110–114. [CrossRef] [PubMed]

13. Souwer, E.T.D.; Hultink, D.; Bastiaannet, E.; Hamaker, M.E.; Schiphorst, A.; Pronk, A.; van der Bol, J.M.; Steup, W.H.; Dekker,
J.W.T.; Portielje, J.E.A.; et al. The Prognostic Value of a Geriatric Risk Score for Older Patients with Colorectal Cancer. Ann. Surg.
Oncol. 2019, 26, 71–78. [CrossRef] [PubMed]

http://doi.org/10.3322/caac.21332
http://www.ncbi.nlm.nih.gov/pubmed/26742998
http://doi.org/10.1016/j.jgo.2014.10.001
http://www.ncbi.nlm.nih.gov/pubmed/25454769
http://doi.org/10.1016/j.ejso.2014.05.010
http://doi.org/10.1245/s10434-012-2294-6
http://www.ncbi.nlm.nih.gov/pubmed/22396000
http://doi.org/10.1159/000345614
http://doi.org/10.1002/pon.4022
http://doi.org/10.1016/j.jgo.2017.09.005
http://doi.org/10.1016/j.jgo.2017.01.003
http://doi.org/10.1007/s10151-016-1503-x
http://doi.org/10.1016/j.jamcollsurg.2009.01.043
http://doi.org/10.1097/SLA.0b013e318269d337
http://doi.org/10.1016/j.jgo.2017.09.003
http://www.ncbi.nlm.nih.gov/pubmed/29129470
http://doi.org/10.1245/s10434-018-6867-x
http://www.ncbi.nlm.nih.gov/pubmed/30362061


Cancers 2021, 13, 3110 12 of 13

14. Copeland, G.P.; Jones, D.; Walters, M. POSSUM: A scoring system for surgical audit. Br. J. Surg. 1991, 78, 355–360. [CrossRef]
[PubMed]

15. Richards, C.H.; Leitch, E.F.; Anderson, J.H.; McKee, R.F.; McMillan, D.C.; Horgan, P.G. The revised ACPGBI model is a simple
and accurate predictor of operative mortality after potentially curative resection of colorectal cancer. Ann. Surg. Oncol. 2011, 18,
3680–3685. [CrossRef] [PubMed]

16. Tekkis, P.P.; Prytherch, D.R.; Kocher, H.M.; Senapati, A.; Poloniecki, J.D.; Stamatakis, J.D.; Windsor, A.C. Development of a
dedicated risk-adjustment scoring system for colorectal surgery (colorectal POSSUM). Br. J. Surg. 2004, 91, 1174–1182. [CrossRef]
[PubMed]

17. Souwer, E.T.; Bastiaannet, E.; Steyerberg, E.W.; Dekker, J.W.T.; Van den Bos, F.; Portielje, J.E. Risk prediction models for
postoperative outcomes of colorectal cancer surgery in the older population—A systematic review. J. Geriatr. Oncol. 2020, 11,
1217–1228. [CrossRef] [PubMed]

18. Breugom, A.J.; Bastiaannet, E.; Dekker, J.W.T.; Wouters, M.; van de Velde, C.J.H.; Liefers, G.J. Decrease in 30-day and one-year
mortality over time in patients aged >/=75 years with stage I-III colon cancer: A population-based study. Eur. J. Surg. Oncol.
2018, 44, 1889–1893. [CrossRef]

19. Bilimoria, K.Y.; Liu, Y.; Paruch, J.L.; Zhou, L.; Kmiecik, T.E.; Ko, C.Y.; Cohen, M.E. Development and evaluation of the universal
ACS NSQIP surgical risk calculator: A decision aid and informed consent tool for patients and surgeons. J. Am. Coll. Surg. 2013,
217, 833–842. [CrossRef]

20. Berian, J.R.; Zhou, L.; Hornor, M.A.; Russell, M.M.; Cohen, M.E.; Finlayson, E.; Ko, C.Y.; Robinson, T.N.; Rosenthal, R.A.
Optimizing Surgical Quality Datasets to Care for Older Adults: Lessons from the American College of Surgeons NSQIP Geriatric
Surgery Pilot. J. Am. Coll. Surg. 2017, 225, 702–712. [CrossRef]

21. Collins, G.S.; Reitsma, J.B.; Altman, D.G.; Moons, K.G. Transparent Reporting of a multivariable prediction model for Individual
Prognosis or Diagnosis (TRIPOD): The TRIPOD statement. Ann. Intern. Med. 2015, 162, 55–63. [CrossRef]

22. Van Leersum, N.; Snijders, H.; Henneman, D.; Kolfschoten, N.; Gooiker, G.; Ten Berge, M.; Eddes, E.; Wouters, M.; Tollenaar, R.;
Dutch Surgical Colorectal Cancer Audit Group; et al. The Dutch surgical colorectal audit. Eur. J. Surg. Oncol. 2013, 39, 1063–1070.
[CrossRef] [PubMed]

23. Greco, M.; Capretti, G.; Beretta, L.; Gemma, M.; Pecorelli, N.; Braga, M. Enhanced recovery program in colorectal surgery: A
meta-analysis of randomized controlled trials. World J. Surg. 2014, 38, 1531–1541. [CrossRef]

24. Kruizenga, H.M.; Seidell, J.C.; de Vet, H.C.; Wierdsma, N.J.; van Bokhorst-de van der Schueren, M.A. Development and validation
of a hospital screening tool for malnutrition: The short nutritional assessment questionnaire (SNAQ). Clin. Nutr. 2005, 24, 75–82.
[CrossRef]

25. Cawood, A.L.; Elia, M.; Sharp, S.K.; Stratton, R.J. Malnutrition self-screening by using MUST in hospital outpatients: Validity,
reliability, and ease of use. Am. J. Clin. Nutr. 2012, 96, 1000–1007. [CrossRef]

26. Henneman, D.; Snijders, H.S.; Fiocco, M.; van Leersum, N.J.; Kolfschoten, N.E.; Wiggers, T.; Wouters, M.W.; Tollenaar, R.A.
Hospital variation in failure to rescue after colorectal cancer surgery: Results of the Dutch Surgical Colorectal Audit. Ann. Surg.
Oncol. 2013, 20, 2117–2123. [CrossRef] [PubMed]

27. Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, C.R. A new method of classifying prognostic comorbidity in longitudinal
studies: Development and validation. J. Chronic Dis. 1987, 40, 373–383. [CrossRef]

28. Katz, S.; Ford, A.B.; Moskowitz, R.W.; Jackson, B.A.; Jaffe, M.W. Studies of illness in the aged: The index of adl: A standardized
measure of biological and psychosocial function. JAMA 1963, 185, 914–919. [CrossRef] [PubMed]

29. Steyerberg, E.W. Clinical Prediction Models: A Practical Approach to Development, Validation, and Updating; Springer Science &
Business Media: Cham, Switzerland, 2008.

30. Boakye, D.; Rillmann, B.; Walter, V.; Jansen, L.; Hoffmeister, M.; Brenner, H. Impact of comorbidity and frailty on prognosis in
colorectal cancer patients: A systematic review and meta-analysis. Cancer Treat. Rev. 2018, 64, 30–39. [CrossRef] [PubMed]

31. Hoogerduijn, J.G.; Buurman, B.M.; Korevaar, J.C.; Grobbee, D.E.; de Rooij, S.E.; Schuurmans, M.J. The prediction of functional
decline in older hospitalised patients. Age Ageing 2012, 41, 381–387. [CrossRef]

32. Kristjansson, S.R.; Jordhoy, M.S.; Nesbakken, A.; Skovlund, E.; Bakka, A.; Johannessen, H.O.; Wyller, T.B. Which elements of
a comprehensive geriatric assessment (CGA) predict post-operative complications and early mortality after colorectal cancer
surgery? J. Geriatr. Oncol. 2010, 1, 57–65. [CrossRef]

33. Huisman, M.G.; Kok, M.; de Bock, G.H.; van Leeuwen, B.L. Delivering tailored surgery to older cancer patients: Preoperative
geriatric assessment domains and screening tools—A systematic review of systematic reviews. Eur. J. Surg. Oncol. 2017, 43, 1–14.
[CrossRef]

34. Rencuzogullari, A.; Benlice, C.; Valente, M.; Abbas, M.A.; Remzi, F.H.; Gorgun, E. Predictors of Anastomotic Leak in Elderly
Patients After Colectomy: Nomogram-Based Assessment from the American College of Surgeons National Surgical Quality
Program Procedure-Targeted Cohort. Dis. Colon Rectum 2017, 60, 527–536. [CrossRef]

35. Rojas-Machado, S.A.; Romero-Simo, M.; Arroyo, A.; Rojas-Machado, A.; Lopez, J.; Calpena, R. Prediction of anastomotic leak
in colorectal cancer surgery based on a new prognostic index PROCOLE (prognostic colorectal leakage) developed from the
meta-analysis of observational studies of risk factors. Int. J. Colorectal Dis. 2016, 31, 197–210. [CrossRef] [PubMed]

http://doi.org/10.1002/bjs.1800780327
http://www.ncbi.nlm.nih.gov/pubmed/2021856
http://doi.org/10.1245/s10434-011-1805-1
http://www.ncbi.nlm.nih.gov/pubmed/21674271
http://doi.org/10.1002/bjs.4430
http://www.ncbi.nlm.nih.gov/pubmed/15449270
http://doi.org/10.1016/j.jgo.2020.04.006
http://www.ncbi.nlm.nih.gov/pubmed/32414672
http://doi.org/10.1016/j.ejso.2018.08.010
http://doi.org/10.1016/j.jamcollsurg.2013.07.385
http://doi.org/10.1016/j.jamcollsurg.2017.08.012
http://doi.org/10.7326/M14-0697
http://doi.org/10.1016/j.ejso.2013.05.008
http://www.ncbi.nlm.nih.gov/pubmed/23871573
http://doi.org/10.1007/s00268-013-2416-8
http://doi.org/10.1016/j.clnu.2004.07.015
http://doi.org/10.3945/ajcn.112.037853
http://doi.org/10.1245/s10434-013-2896-7
http://www.ncbi.nlm.nih.gov/pubmed/23417434
http://doi.org/10.1016/0021-9681(87)90171-8
http://doi.org/10.1001/jama.1963.03060120024016
http://www.ncbi.nlm.nih.gov/pubmed/14044222
http://doi.org/10.1016/j.ctrv.2018.02.003
http://www.ncbi.nlm.nih.gov/pubmed/29459248
http://doi.org/10.1093/ageing/afs015
http://doi.org/10.1016/j.jgo.2010.06.001
http://doi.org/10.1016/j.ejso.2016.06.003
http://doi.org/10.1097/DCR.0000000000000789
http://doi.org/10.1007/s00384-015-2422-4
http://www.ncbi.nlm.nih.gov/pubmed/26507962


Cancers 2021, 13, 3110 13 of 13

36. Collins, G.S.; de Groot, J.A.; Dutton, S.; Omar, O.; Shanyinde, M.; Tajar, A.; Voysey, M.; Wharton, R.; Yu, L.M.; Moons, K.G.; et al.
External validation of multivariable prediction models: A systematic review of methodological conduct and reporting. BMC Med.
Res. Methodol. 2014, 14, 40. [CrossRef]

37. Bagnall, N.M.; Pring, E.T.; Malietzis, G.; Athanasiou, T.; Faiz, O.D.; Kennedy, R.H.; Jenkins, J.T. Perioperative risk prediction in
the era of enhanced recovery: A comparison of POSSUM, ACPGBI, and E-PASS scoring systems in major surgical procedures of
the colorectal surgeon. Int. J. Colorectal Dis. 2018, 33, 1627–1634. [CrossRef] [PubMed]

38. Gomes, A.; Rocha, R.; Marinho, R.; Sousa, M.; Pignatelli, N.; Carneiro, C.; Nunes, V. Colorectal surgical mortality and morbidity
in elderly patients: Comparison of POSSUM, P-POSSUM, CR-POSSUM, and CR-BHOM. Int. J. Colorectal Dis. 2015, 30, 173–179.
[CrossRef] [PubMed]

39. Shaker, S.; Rivard, C.; Nahum, R.; Vogel, R.I.; Teoh, D. The American College of Surgeon’s surgical risk calculator’s ability to
predict disposition in older gynecologic oncology patients undergoing laparotomy. J. Geriatr. Oncol. 2019, 10, 618–622. [CrossRef]
[PubMed]

40. Minne, L.; Eslami, S.; de Keizer, N.; de Jonge, E.; de Rooij, S.E.; Abu-Hanna, A. Effect of changes over time in the performance of a
customized SAPS-II model on the quality of care assessment. Intensive Care Med. 2012, 38, 40–46. [CrossRef]

41. Moons, K.G.; Altman, D.G.; Reitsma, J.B.; Ioannidis, J.P.; Macaskill, P.; Steyerberg, E.W.; Vickers, A.J.; Ransohoff, D.F.; Collins, G.S.
Transparent Reporting of a multivariable prediction model for Individual Prognosis or Diagnosis (TRIPOD): Explanation and
elaboration. Ann. Intern. Med. 2015, 162, W1–W73. [CrossRef] [PubMed]

42. Herbolsheimer, F.; Riepe, M.W.; Peter, R. Cognitive function and the agreement between self-reported and accelerometer-accessed
physical activity. BMC Geriatr. 2018, 18, 56. [CrossRef] [PubMed]

43. Netherlands Cancer Registry (NKR). Available online: www.cijfersoverkanker.nl. (accessed on 1 June 2021).
44. Corner, J.; Wright, D.; Hopkinson, J.; Gunaratnam, Y.; McDonald, J.W.; Foster, C. The research priorities of patients attending UK

cancer treatment centres: Findings from a modified nominal group study. Br. J. Cancer 2007, 96, 875–881. [CrossRef] [PubMed]
45. Barberan-Garcia, A.; Ubre, M.; Roca, J.; Lacy, A.M.; Burgos, F.; Risco, R.; Momblan, D.; Balust, J.; Blanco, I.; Martinez-Palli,

G. Personalised Prehabilitation in High-risk Patients Undergoing Elective Major Abdominal Surgery: A Randomized Blinded
Controlled Trial. Ann. Surg. 2018, 267, 50–56. [CrossRef]

46. Bare, M.; Monton, C.; Mora, L.; Redondo, M.; Pont, M.; Escobar, A.; Sarasqueta, C.; Fernandez de Larrea, N.; Briones, E.; Quintana,
J.M. COPD is a clear risk factor for increased use of resources and adverse outcomes in patients undergoing intervention for
colorectal cancer: A nationwide study in Spain. Int. J. Chron. Obstruct. Pulmon. Dis. 2017, 12, 1233–1241. [CrossRef]

47. Van Grootven, B.; Flamaing, J.; Dierckx de Casterle, B.; Dubois, C.; Fagard, K.; Herregods, M.C.; Hornikx, M.; Laenen, A.; Meuris,
B.; Rex, S.; et al. Effectiveness of in-hospital geriatric co-management: A systematic review and meta-analysis. Age Ageing 2017,
46, 903–910. [CrossRef] [PubMed]

48. Farooq, N.; Patterson, A.J.; Walsh, S.R.; Prytherch, D.R.; Justin, T.A.; Tang, T.Y. Predicting outcome following colorectal cancer
surgery using a colorectal biochemical and haematological outcome model (Colorectal BHOM). Colorectal Dis. 2011, 13, 1237–1241.
[CrossRef]

http://doi.org/10.1186/1471-2288-14-40
http://doi.org/10.1007/s00384-018-3141-4
http://www.ncbi.nlm.nih.gov/pubmed/30078107
http://doi.org/10.1007/s00384-014-2071-z
http://www.ncbi.nlm.nih.gov/pubmed/25430595
http://doi.org/10.1016/j.jgo.2019.02.008
http://www.ncbi.nlm.nih.gov/pubmed/30803821
http://doi.org/10.1007/s00134-011-2390-2
http://doi.org/10.7326/M14-0698
http://www.ncbi.nlm.nih.gov/pubmed/25560730
http://doi.org/10.1186/s12877-018-0747-x
http://www.ncbi.nlm.nih.gov/pubmed/29466954
www.cijfersoverkanker.nl.
http://doi.org/10.1038/sj.bjc.6603662
http://www.ncbi.nlm.nih.gov/pubmed/17342090
http://doi.org/10.1097/SLA.0000000000002293
http://doi.org/10.2147/COPD.S130377
http://doi.org/10.1093/ageing/afx051
http://www.ncbi.nlm.nih.gov/pubmed/28444116
http://doi.org/10.1111/j.1463-1318.2010.02434.x

	Introduction 
	Materials and Methods 
	Data and Participants 
	Outcome 
	Predictors 
	Statistical Analysis 

	Results 
	Participants 
	Model Development 
	Clinical Prediction Model 

	Discussion 
	Conclusions 
	
	References

