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A B S T R A C T   

Introduction: Older patients have a higher risk for complications after rectal cancer surgery. Although screening 
for geriatric impairments may improve risk prediction in this group, it has not been studied previously. 
Methods: We retrospectively investigated patients ≥70 years with elective surgery for non-metastatic rectal 
cancer between 2014 and 2018 in nine Dutch hospitals. The predictive value of six geriatric parameters in 
combination with standard preoperative predictors was studied for postoperative complications, delirium, and 
length of stay (LOS) using logistic regression analyses. The geriatric parameters included the four VMS- 
questionnaire items pertaining to functional impairment, fall risk, delirium risk, and malnutrition, as well as 
mobility problems and polypharmacy. Standard predictors included age, sex, body mass index, American Society 
of Anesthesiologists (ASA)-classification, comorbidities, tumor stage, and neoadjuvant therapy. Changes in 
model performance were evaluated by comparing Area Under the Curve (AUC) of the regression models with and 
without geriatric parameters. 
Results: We included 575 patients (median age 75 years; 32% female). None of the geriatric parameters improved 
risk prediction for complications or LOS. The addition of delirium risk to the standard preoperative prediction 
model improved model performance for predicting postoperative delirium (AUC 0.75 vs 0.65, p = 0.03). 
Conclusions: Geriatric parameters did not improve risk prediction for postoperative complications or LOS in older 
patients with rectal cancer. Delirium risk screening using the VMS-questionnaire improved risk prediction for 
delirium. Older patients undergoing rectal cancer surgery are a pre-selected group with few impairments. 
Geriatric screening may have additional value earlier in the care pathway before treatment decisions are made.  
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1. Introduction 

Colorectal cancer (CRC) is the third most common malignancy in the 
West with rectal cancer accounting for 30% of the cases. The median age 
at diagnosis for rectal cancer patients is 63 years and a substantial 
proportion are above 70 years of age [1]. Surgery remains the corner
stone of treatment. Older patients are at an increased risk of post
operative complications and mortality [2], and the occurrence of any 
complication is associated with a decreased postoperative quality of life 
in older patients with rectal cancer [3]. However, older patients are also 
a heterogeneous group with regard to comorbidities, physical capabil
ities and the presence of geriatric impairments such as decreased 
mobility, malnutrition, polypharmacy and cognitive problems. Several 
studies have found an association between these geriatric impairments 
and adverse postoperative outcomes in older patients with CRC [4–7]. 
Adequate risk stratification in older patients is required to support 
informed decision-making and to adjust perioperative strategies such as 
the implementation of prehabilitation (preoperative physical optimiza
tion) programs. 

One method to screen for possible geriatric impairments is the Dutch 
Patients Safety program (‘VeiligheidsManagementSysteem’, VMS) [8]. 
The VMS-questionnaire encompasses four geriatric domains: fall risk, 
malnutrition risk, delirium risk, and physical impairments [8], and is 
meant to be administered to all older patients (>70 years) admitted to 
the hospital. Patients diagnosed with impairments can receive addi
tional care according to their needs (e.g., supplements in case of 
malnutrition, delirium prevention, or fall prevention measures). For 
hospitalized older patients, higher scores on the frailty screening using 
the VMS-questionnaire are associated with adverse outcomes and six- 
month mortality [9,10]. A recent study by Souwer et al. in 550 older 
patients with CRC showed that an increasing number of geriatric im
pairments as measured with the VMS was associated with postoperative 
complications and lower overall survival [6]. In their subsequent study, 
Souwer et al. developed a prediction model for severe postoperative 
complications in older patients with CRC. After adding the geriatric 
domains of the VMS, polypharmacy and the use of mobility aid to 
standard preoperative variables, the model’s predictive value margin
ally improved [11]. Geriatric impairments have been incorporated in 
few other prediction models for older patients with CRC [11–14]. 
Although, compared to colon cancer, the treatment of rectal cancer is 
more often multimodal and rectal surgery is associated with higher 
morbidity rates [15], the predictive value of geriatric parameters has not 
been previously assessed specifically in patients undergoing surgery for 
rectal cancer [16]. 

Therefore, the aim of this study was to determine whether the 
addition of geriatric risk factors (physical impairment, fall risk, malnu
trition risk, delirium risk, polypharmacy, and use of mobility aid) to 
standard preoperative prognostic variables improves the predictive 
value for adverse postoperative outcomes in older patients with rectal 
cancer. 

2. Methods 

2.1. Study Design and Patient Inclusion 

In this retrospective multicenter study in nine hospitals in The 
Netherlands (Alrijne Hospital in Leiderdorp, Diakonessenhuis in 
Utrecht, Haga Hospital in the Hague, Martini Hospital in Groningen, 
Reinier de Graaf Hospital in Delft, Dijklander Hospital in Hoorn, Gelre 
Hospital in Apeldoorn, Meander Medical Center in Amersfoort, Bern
hoven Hospital in Uden), patients aged 70 years and older who under
went elective surgery for non-metastatic rectal cancer were eligible for 
inclusion. Patients who underwent transanal endoscopic microsurgery 
or who received palliative treatment for other forms of cancer were 
excluded. All participating hospitals provided perioperative care ac
cording to the Enhanced Recovery After Surgery (ERAS) protocol [17]. 

In most hospitals in The Netherlands, all electively admitted patients 70 
years and older are subjected to the VMS questionnaire. The inclusion 
periods ranged between the hospitals depending on when VMS- 
questionnaires were administered (Supplementary Table S1). The 
study complies with the Declaration of Helsinki and was approved by the 
institutional review boards of the participating hospitals. 

2.2. Data Collection 

Patients’ demographics, tumor characteristics, and postoperative 
outcomes within 30 days after surgery were prospectively registered 
according to nationwide data collection for the Dutch ColoRectal Audit 
(DCRA): age, sex, American Society of Anesthesiologists (ASA)-score 
[18], comorbidities (Charlson Comorbidity Index [CCI] [19]), tumor 
stage according to the American Joint Committee on Cancer (AJCC) 
[20], surgical approach (laparoscopic or open), surgical procedure (low 
anterior resection (LAR) or abdominal perineal resection (APR)/ Hart
mann’s procedure), construction of a stoma, (neo)adjuvant therapy, and 
postoperative outcomes. The dataset was retrospectively manually 
completed in a cloud-based database (Castor EDC) [21] by a resident 
physician or a medical student with information from the Electronic 
Medical Records (EMR): body mass index (BMI), geriatric parameters, 
postoperative delirium, and discharge destination. 

2.3. Geriatric Parameters 

The VMS-questionnaire consists of four geriatric parameters: fall 
risk, delirium risk, malnutrition risk, and functional impairment. The 
questionnaire was administered preoperatively by nursing staff and 
entered into the EMR. Fall risk was present if the patient had experi
enced a fall in the previous six months. Delirium risk was present if at 
least one out of the three questions (presence of cognitive problems, 
needing help with self-care in the past 24 h, or a history of delirium) was 
answered with “yes”. Malnutrition risk was assessed using the Short 
Nutritional Assessment Questionnaire [22] or the Malnutrition Univer
sal Screening Tool [23]. Patients with a score of ≥2 were considered at 
risk. Functional impairment was defined as a Katz activities of daily 
living (ADL) score ≥ 2 based on six items (one point if assistance was 
needed): bathing, dressing, toileting, eating, transferring from bed to 
chair, and the use of any incontinence material [24]. In Martini hospital, 
the item ‘need help with eating’ was replaced with ‘use of a walking aid’, 
and only the total score (≥2 vs <2) was available. Information on pol
ypharmacy (use of five or more medications) and the use of mobility aid 
(with the exception of Martini hospital) were also collected from the 
EMR. 

2.4. Outcomes 

The primary outcome was the occurrence of any complications 
within 30 days after surgery. The secondary outcomes were severe 
complications (Clavien-Dindo classification [25] ≥3) requiring reinter
vention, unplanned intensive care unit (ICU) admission, or leading to 
death, postoperative delirium, 30-day mortality, discharge to another 
institution, and length of stay (LOS). Prolonged LOS was defined as >14 
days, based on the DCRA definition of a complicated postoperative 
course. Postoperative delirium was present if the diagnosis delirium was 
registered by the treating physician or a geriatrician, haloperidol was 
prescribed, or a Delirium Observation Screening Scale ≥3 was registered 
in the medical record. Discharge to another institution was defined as a 
(temporary) discharge to a rehabilitation center or nursing home if the 
patient was living at home prior to surgery. Patients who died during 
hospital admission were excluded from the analyses for this outcome. 

2.5. Statistical Analysis 

Continuous variables were presented as mean and standard 
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deviation (SD) or as median and interquartile range (IQR). Frequencies 
were presented as number and percentage. 

We aimed to assess whether geriatric parameters can improve risk 
prediction compared to only standard preoperative predictors regarding 
the primary and secondary study outcomes. First, we built a logistic 
regression model for each outcome using only standard preoperative 
parameters (standard model). The parameters that were considered 
included age, sex (male vs female), ASA-score (III-IV vs I-II), CCI (score 
≥ 2 vs <2), tumor stage (III vs 0-II), neoadjuvant therapy (present vs 
absent), and obesity (BMI ≥30 vs <30). Univariable logistic regression 
analyses were performed to determine associations between each vari
able and outcome and reported as odds ratios (OR) with 95% confidence 
intervals (CI). The standard model was then built using manual forward 
selection where predictor variables were added one by one starting with 
the variable that had the strongest association with the outcome 
(smallest p-value). At each step, changes in model performance were 
evaluated by comparing the Area Under the Curves (AUC) and 95% CIs 
using the Hanley & McNeil method [26]. Each new variable was 
retained in the standard model if it significantly improved the model 
performance (significant difference between AUCs [p < 0.05]). 

Second, we evaluated whether geriatric parameters (functional 
impairment, delirium risk, fall malnutrition risk, fall risk, mobility aid, 
or polypharmacy) could be used to improve the predictive ability of the 
standard model. For each outcome, the model performance between the 
standard model and the model including each geriatric parameter was 
again compared by measuring differences in the AUCs using the Hanley 
& McNeil method [26]. To avoid overfitting, a maximum of one variable 
per ten outcome events was allowed in each model [27]. Comparisons 
between AUCs were performed using MedCalc (MedCalc Software LtD, 
Ostend, Belgium). All other analyses were performed using SPSS version 
25.0. A two-tailed p-value <0.05 was considered statistically significant 
for all analyses. 

3. Results 

3.1. Patient Inclusion 

Flow chart of study inclusion is depicted in Fig. 1. A total of 632 
patients underwent resection for rectal cancer during the inclusion pe
riods. Of these, 57 patients were excluded due to the prespecified 
exclusion criteria, leaving 575 patients for the analyses. 

3.2. Baseline and Treatment Characteristics of Included Patients 

The baseline characteristics of included patients are summarized in 
Table 1. The median age was 75 years (IQR 73–80) and 185 (32.2%) 
patients were female. The ASA-score was III-IV in 145 (25.2%) patients 
and 140 (24.3%) patients had CCI score of 2 or higher. 

The tumor stage was I in 213 (37.0%) patients, II in 171 (29.7%) 
patients and III in 162 (28.2%) patients. For two patients (0.3%), the T- 
stage was not known (these patients had AJCC stage I-II). 

A total of 468 (81.4%) patients underwent a LAR (226 [48.3%] 
without a stoma, 242 [51.7%] with stoma). Sixty (10.4%) patients un
derwent APR or Hartmann’s procedure. For 47 (8.2%) patients the type 
of resection was not known but all received a stoma without anasto
mosis. Laparoscopic or open surgery was performed in 467 (81.2%) and 
108 (18.8%) patients, respectively. A total of 287 (49.9%) patients un
derwent neoadjuvant therapy (radiotherapy (N = 180, 31.3%) or che
moradiation (N = 107, 18.6%). Twenty-four (4.2%) patients received 
adjuvant chemotherapy. 

3.3. Geriatric Parameters 

Data on geriatric parameters are shown in Table 2. A total of 329 
(57.2%) had at least one geriatric risk factor. The most often reported 
geriatric parameters were polypharmacy (N = 241 [41.9%]), malnu
trition risk (N = 84 [14.6%]), and delirium risk (N = 82 [14.3%]). Most 
patients were at risk for delirium due to reporting having cognitive 
problems (N = 42 [51.2%]). Fall risk and functional impairment were 
reported for 43 (7.5%) and 25 (4.3%) patients, respectively. Forty-two 
(7.3%) patients used a mobility aid. 

3.4. Baseline and Treatment Characteristics Between Patients with at 
Least One Geriatric Risk Factor and Patients Without Geriatric Risk 
Factors 

Table 3 shows the baseline characteristics between patients with at 
least one geriatric risk factor (N = 329) and patients without any risk 
factors (N = 155). For 91 (15.8%) patients, data on at least one geriatric 

Fig. 1. Flow chart of patient inclusion.  

Table 1 
Patient, tumor and treatment characteristics.   

Total 
N = 575 (%) 

Age, median (IQR) 75.5 (72.9–80.4) 
Sex  

Male 390 (67.8) 
Female 185 (32.2) 

BMI, median (IQR) (missing: 22) 26.0 (23.8–28.1) 
ASA-score  

I/II 430 (74.8) 
III/IV 145 (25.2) 

Charlson Comorbidity Index  
0–1 435 (75.7) 
≥2 140 (24.3) 

AJCC stagea  

Stage 0 27 (4.7) 
Stage I 213 (37.0) 

Stage II 171 (29.7) 
Stage III 162 (28.2)   

Surgical approach  
Laparoscopic 467 (81.2) 

Open 108 (18.8) 
Type of surgery  

LAR without stoma 226 (39.3) 
LAR with stoma 242 (42.1) 

Abdominoperineal resection / Hartmann surgery 60 (10.4) 
Not specified 47 (8.2) 

Neoadjuvant therapy  
None 288 (50.1) 

Short course radiotherapy 180 (31.3) 
Chemoradiation 107 (18.6) 

Adjuvant chemotherapy  
No 548 (95.3) 
Yes 24 (4.2) 

Missing 3 (0.5) 

Abbreviations: AJCC American Joint Committee on Cancer; ASA American So
ciety of Anesthesiologists; APR abdominoperineal resection; BMI body mass 
index; IQR interquartile range; LAR low anterior resection. 

a For two patients, the T-stage was missing, but the N-stage was 0 (AJCC stage 
I-II). 
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parameter was missing and they were not included in the analyses. 
Patients with at least one risk factor were older (p < 0.001), more often 
female (p = 0.02), had higher ASA-scores (p < 0.001) and more 
comorbidities (p < 0.001). They more often underwent open surgery (p 
< 0.001) and APR or Hartmann’s procedure (p < 0.001). 

3.5. Outcomes 

Results of the univariable logistic regression analyses for the out
comes are shown in Table 4. 

3.5.1. Overall Complications 
Overall complications occurred in 253 (44.0%) patients. Of the 

standard preoperative predictors, ASA-score and CCI were associated 
with overall complications in univariable analysis. The final prediction 
model only included ASA score (AUC 0.57, 95% CI 0.52–0.62) as CCI did 
not significantly improve model performance. Although functional 
impairment, delirium risk and mobility aid were associated with overall 
complications in univariable analyses, the addition of any of these 
geriatric parameters to the standard model did not improve model 
performance. 

3.5.2. Severe Complications 
Seventy-one (12.3%) patients had severe complications. None of the 

standard preoperative variables were associated with severe complica
tions in univariable analyses. Regarding the geriatric parameters, only 
mobility aid was associated with the outcome. However, use of mobility 
aid did not discriminate between patients with and without severe 
complications (AUC 0.56, 95% CI 0.47–0.64). 

3.5.3. Postoperative Delirium 
Forty-five (8.0%) patients had postoperative delirium. Age, ASA- 

score and CCI were associated with this outcome in univariable anal
ysis. Only ASA-score remained in the final model with standard preop
erative variables (AUC 0.65, 95% CI 0.56–0.74). 

When delirium risk was added to the standard model, the discrimi
native ability of the model improved significantly (AUC 0.75, 95% CI 
0.71–0.78, p = 0.03). Other geriatric parameters did not improve the 
model performance. 

3.5.4. Length of Stay 
The median LOS was six days (IQR 5–10); 73 (12.7%) patients were 

admitted for more than fourteen days (prolonged LOS). The final pre
diction model of standard preoperative variables only included age 
(AUC 0.60, 95% CI 0.54–0.67). None of the geriatric parameters 
improved the model performance for prolonged LOS. 

3.5.5. Discharge to Another Care Facility 
Forty-five (8.0%) patients were discharged to another institution. 

The standard variables associated with this outcome included age and 
female sex. Only age remained in the final prediction model (AUC 0.71, 
95% CI 0.63–0.80). Regarding the geriatric parameters, adding func
tional impairment (Katz-ADL score ≥ 2) to the model resulted in a 
modest increase in the model performance (AUC 0.73, 95% CI 
0.69–0.76, p = 0.049). Other geriatric parameters did not increase the 
predictive ability of the model. 

3.5.6. Thirty-day Mortality 
Fifteen (2.6%) patients died within 30 days of surgery. Of the stan

dard preoperative variables, age and CCI were associated with mortality 
in univariable analysis. No prediction model was developed due to the 
low numbers of events. 

4. Discussion 

In our cohort of 575 older patients undergoing surgery for rectal 
cancer, adding geriatric parameters to standard preoperative risk factors 
did not improve risk prediction for postoperative complications. The 
VMS-items delirium risk and functional impairment were of added value 
in predicting postoperative delirium and post-discharge institutionali
zation, respectively. To our knowledge, this is the first study exploring 
the value of assessing geriatric parameters to improve risk prediction for 

Table 2 
Geriatric parameters.   

Total 
N = 575 (%) 

VMS: Risk of delirium  
No (score 0) 474 (82.4) 
Yes (score 1–3) 82 (14.3) 
Missing 19 (3.3) 

VMS: Risk of falls  
No 493 (85.7) 
Yes 43 (7.5) 
Missing 39 (6.8) 

VMS: Risk of malnutrition  
No (SNAQ 0–1) 461 (80.2) 
Yes (SNAQ 2–6) 84 (14.6) 
Missing 30 (5.2) 

VMS: Functional impairment (KATZ-ADL)  
Not impaired (score 0–1) 537 (93.4) 
Impaired (score 2–6) 25 (4.3) 
Missing 13 (2.3) 

Polypharmacy (≥5 medications)  
No 327 (56.9) 
Yes 241 (41.9) 
Missing 7 (1.2) 

Use of mobility aid  
No 405 (70.4) 
Yes 42 (7.3) 
Missing 128 (22.2) 

Abbreviations: ADL Activities of Daily Living; SNAQ Short Nutritional Assess
ment Questionnaire; VMS ‘VeiligheidsManagementsSysteem’ Safety Manage
ment System. 

Table 3 
Comparison of baseline and treatment characteristics between patients without 
any geriatric risk factors and patients with at least one geriatric risk factor.   

No risk factors N =
154 (%) 

At least one risk factor 
N = 329 (%) 

p-value 

Age, median (IQR) 74.8 (72.4–78.6) 76.2 (73.3–81.3) <0.001 
Sex   0.02 

Male 116 (75.3) 213 (64.7)  
Female 38 (24.7) 116 (35.3)  

BMI, median (IQR) 25.8 (23.6–28.0) 26.3 (24.0–28.4) 0.17 
ASA-classification   <0.001 

I-II 137 (89.0) 209 (63.5)  
III-IV 17 (11.0) 120 (36.5)  

Charlson Comorbidity 
Index   

<0.001 

0–1 138 (89.6) 221 (67.2)  
≥2 16 (10.4) 108 (32.8)  

Tumor stage   0.62 
0-II 108 (70.1) 238 (72.3)  
III 46 (29.9) 91 (27.7)  

Neoadjuvant therapy 79 (52.3) 167 (51.4) 0.85 
Surgical approach   <0.001 

Open 7 (4.5) 65 (19.8)  
Laparoscopic 147 (95.5) 264 (80.2)  

Type of surgery   <0.001 
LAR without stoma 81 (52.6) 104 (31.6)  
LAR with stoma 56 (36.4) 151 (45.9)  
APR/Hartmann 5 (3.2) 42 (12.8)  
Not specified (no 
anastomosis) 

12 (7.8) 32 (9.7)  

Abbreviations: ASA American Society of Anesthesiologists; APR abdominoper
ineal resection; BMI body mass index; IQR interquartile range; LAR low anterior 
resection; VMS ‘VeiligheidsManagementSysteem’ Safety Management System. 
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short-term outcomes in older patients undergoing surgery for rectal 
cancer. 

Our findings are not in line with previous studies that have focused 
on older patients undergoing CRC surgery. Whereas geriatric parameters 
did not predict severe complications in our study, Souwer et al. [6] 
found a marginally improved prediction of severe complications after 
adding geriatric impairments (previous delirium, self-reported cognitive 
impairment, need for ADL assistance, use of mobility aid, and poly
pharmacy) to standard variables. In the studies by Kiran et al., Murray 
et al., and Cohen et al., functional dependency predicted 30-day mor
tality [13,14] and 30-day morbidity [12]. This is in contrast to our 
finding that functional dependency (or functional impairment) only 
improved the prediction for discharge to another care facility and not for 
other outcomes. However, as our cohort consisted exclusively of patients 
with rectal cancer, a direct comparison of our results and the results of 
the aforementioned studies is not feasible. 

The fact that our findings do not support frailty screening using the 
current geriatric risk factors to predict overall or severe complications in 
rectal cancer surgery can be due to several reasons. First, we included 
older patients who had already been selected for surgery. The preva
lence of geriatric risk factors was relatively low when compared to the 
previous cohort of Souwer et al. [6] that also included patients with 
colon cancer. The treatment of rectal cancer is multidisciplinary and 
many different treatment options exist, ranging from chemoradiation 
followed by watch-and-wait [28] or transanal microsurgery [29] to 
direct surgical resection. It is highly likely that frailer patients with more 
impairments more often received non-surgical treatment [30]. The 
modest discriminative value of the standard predictor variables (e.g., 

age or ASA-score) also supports this hypothesis. Second, although we 
assessed the risk for several geriatric impairments, there are other pre
operative risk factors that may have more predictive value in older 
surgical patients. Physical decline contributes to the development of 
geriatric impairments such as falling and needing help with ADL, and 
measuring markers of physical decline may improve risk prediction in 
the older patient population. For example, low muscle mass and poor 
aerobic capacity have been shown to be strongly associated with adverse 
outcomes in colorectal surgery [31,32]. Third, rectal surgery is complex 
and postoperative outcomes (such as anastomotic leak) are strongly 
influenced by surgical factors (extent of resection, invasiveness of sur
gery, height of anastomosis, deviating ostomy) [15]. In our cohort, pa
tients with at least one geriatric risk factor had open surgery and 
received a stoma more often. Preoperative prediction models cannot rely 
on intraoperative surgical variables which were thus not included in the 
logistic regression analyses. However, patient characteristics that were 
associated with having at least one geriatric risk factor in our cohort 
(advanced age, higher ASA-scores, and a higher comorbidity burden) 
likely had influence on perioperative decision-making, for example 
regarding stoma construction. More vulnerable patients thus received 
different surgical treatment. 

Interestingly, we noted the relatively low percentage of patients 
receiving APR in our cohort (10%). In other recent Dutch cohorts in 
which patients of all ages were included, the percentages of patients 
undergoing APR were higher (27–46%) [33–35]. We also observed that 
most patients underwent surgery for stage I/II cancer which may in part 
explain the lower percentage of APR. Older patients with very distal 
cancers who would have to undergo APR as well as patients with more 

Table 4 
Results from univariable analyses for overall complications, severe complications, postoperative delirium, prolonged length of stay, discharge to another care facility 
and 30-day mortality.  

Standard 
preoperative risk 
predictors 

Missing 
(n) 

Overall complications 
(N = 253) 

Severe 
complications (N 
= 71) 

Postoperative delirium 
(N = 45) 

Prolonged length of 
stay (N = 73) 

Discharge to another 
care facility (N = 45) 

30-day mortality (N 
= 15) 

OR (95% 
CI) 

p-value OR (95% 
CI) 

p- 
value 

OR (95% 
CI) 

p-value OR (95% 
CI) 

p- 
value 

OR (95% 
CI) 

p-value OR (95% 
CI) 

p- 
value 

Age 0 1.0 
(1.0–1.1) 

0.13 0.2 
(1.0–1.1) 

0.23 1.1 
(1.0–1.2) 

0.003 1.1 
(1.0–1.1) 

0.02 1.2 
(1.1–1.2) 

<0.001 1.1 
(1.0–1.3) 

0.005 

Male sex 0 1.4 
(1.0–1.9) 

0.09 1.3 
(0.8–2.4) 

0.30 1.7 
(0.8–3.6) 

0.14 1.4 
(0.8–2.5) 

0.23 0.5 
(0.3–0.9) 

0.02 1.3 
(0.4–4.2) 

0.65 

ASA III-IV 0 
2.1 
(1.4–3.0) <0.001 

1.4 
(0.8–2.4) 0.23 

3.9 
(2.1–7.2) <0.001 

1.4 
(0.8–2.5) 0.19 

1.3 
(0.7–2.5) 0.49 

2.7 
(1.0–7.5) 0.06 

CCI 2 or higher 0 
1.9 
(1.3–2.8) 0.001 

1.6 
(0.9–2.7) 0.09 

3.3 
(1.8–6.2) <0.001 

1.3 
(0.8–2.3) 0.35 

1.7 
(0.9–3.3) 0.11 

3.7 
(1.3–10.4) 0.01 

BMI ≥ 30 22 1.1 
(0.7–1.8) 

0.68 1.3 
(0.6–2.5) 

0.53 0.3 
(0.1–1.3) 

0.10 1.0 
(0.5–2.0) 

0.98 0.4 
(0.1–1.3) 

0.14 1.6 
(0.4–5.8) 

0.49 

Neoadjuvant 
therapy 

8 1.0 
(0.7–1.4) 

0.96 1.0 
(0.6–1.7) 

0.89 0.9 
(0.5–1.7) 

0.81 0.9 
(0.6–1.5) 

0.72 1.0 
(0.5–1.7) 

0.86 0.7 
(0.2–2.1) 

0.56 

AJCC stage III 0 
1.1 
(0.8–1.6) 0.68 

1.3 
(0.8–2.3) 0.28 

0.9 
(0.5–1.8) 0.82 

1.4 
(0.8–2.3) 0.24 

0.8 
(0.4–1.7) 0.57 

1.7 
(0.6–4.9) 0.31  

Geriatric risk predictors 
VMS: functional 

impairment 
13 

3.4 
(1.4–8.4) 

0.007 
1.8 
(0.6–4.9) 

0.27 
2.3 
(0.8–7.0) 

0.14 
2.2 
(0.9–5.7) 

0.11 
2.5 
(0.8–7.6) 

0.12 
3.5 
(0.7–16.0) 

0.12 

VMS: delirium 
risk 

19 2.4 
(1.5–4.0) 

<0.001 1.7 
(0.9–3.2) 

0.09 5.7 
(2.9–10.9) 

<0.001 2.3 
(1.2–4.1) 

0.008 4.2 
(2.2–8.1) 

<0.001 1.5 
(0.4–5.2) 

0.57 

VMS: fall risk 39 
0.7 
(0.4–1.4) 0.74 

1.7 
(0.7–3.8) 0.22 

0.6 
(0.1–2.5) 0.47 

0.7 
(0.2–2.0) 0.68 

0.6 
(0.1–2.5) 0.46 

3.0 
(0.8–11.) 0.10 

VMS: 
malnutrition 
risk 

30 1.3 
(0.8–2.2) 

0.22 1.1 
(0.5–2.1) 

0.90 2.2 
(1.1–4.5) 

0.03 1.6 
(0.9–3.1) 

0.12 2.5 
(1.2–5.1) 

0.01 2.9 
(1.0–8.7) 

0.06 

Mobility aid 128 2.4 
(1.2–4.5) 

0.009 2.7 
(1.2–5.9) 

0.01 1.2 
(0.3–4.0) 

0.81 1.6 
(0.7–3.6) 

0.27 4.0 
(1.9–8.8) 

<0.001 1.0 
(0.1–7.7) 

0.97 

Polypharmacy 
(≥5 
medications) 

7 
1.4 
(1.0–2.0) 

0.05 
1.2 
(0.7–2.0) 

0.48 
2.4 
(1.3–4.5) 

0.006 
1.2 
(0.8–2.0) 

0.40 
1.7 
(0.9–3.0) 

0.11 
2.8 
(0.9–8.2) 

0.07 

Significant associations between risk factors and postoperative outcomes are shown in boldface. 
Abbreviations: ADL Activities of Daily Living, AJCC American Joint Committee on Cancer, ASA American Society of Anesthesiologists, BMI body mass index, CCI 
Charlson Comorbidity Index, CI confidence interval, OR odds ratio, VMS (VeiligheidsManagementSysteem “Safety Management System”). 
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advanced disease may have instead opted for non-surgical treatment and 
were thus not included in our study. 

Postoperative delirium is associated with an increased risk for 
cognitive decline and mortality [36]. Identifying at-risk patients can be 
used to implement delirium prevention measures. Previous studies in 
other cohorts of older surgical patients have shown that a history of 
delirium and cognitive problems are associated with a higher risk of 
postoperative delirium [37–39]. Both items are a part of the delirium 
risk screening incorporated in the VMS-questionnaire. In the present 
cohort, we showed that delirium risk screening together with ASA-score 
resulted in a fair discriminative ability for postoperative delirium of the 
prediction model (AUC 0.75), implying that delirium risk screening with 
the VMS-questionnaire is a useful addition to the preoperative risk 
assessment in patients with rectal cancer. 

Preoperative frailty screening serves two main purposes: first, it aids 
in risk stratification and helps to guide the decision-making process 
regarding the surgical trajectory, and second, it provides opportunities 
to address modifiable risk factors [40,41]. Frailty screening may, 
therefore, have the most value for older patients with rectal cancer when 
it is implemented directly after diagnosis and before decisions on 
treatment trajectory are made. Ideally, an initial frailty screening is 
quick and has adequate discriminatory power to determine which pa
tients require further work-up, for example in the form of a Compre
hensive Geriatric Assessment [42]. Future studies should determine 
whether frailty screening with the geriatric parameters addressed here 
would have additional prognostic value in an earlier phase in the 
treatment pathway for rectal cancer. It should be noted that measuring 
modifiable risk factors would be especially advantageous as it helps to 
target preoperative interventions such as prehabilitation for selected 
patients [43]. 

The major strength of this study was the large sample size and the 
inclusion of only older patients with rectal cancer. We were able to 
collect data in multiple hospitals, which increases the generalizability of 
the results. The limitations of the study include the previously 
mentioned selection bias for the fittest older patients, which probably 
limited the number of patients with more geriatric impairments as these 
patients did not undergo surgery. Furthermore, frailty screening with 
VMS was an implemented practice in the participating hospitals and 
patients at risk most likely received a geriatric consultation and/or 
additional care, for example consultation by a physiotherapist or a 
dietician, nutritional supplements, delirium prevention measures (such 
as counseling, early signaling, single room, or rooming in), or fall pre
vention measures. Some of these interventions may have weakened the 
association between the geriatric parameters and outcomes. Lastly, we 
measured a set of parameters that were readily available from the 
medical records. The VMS-questionnaire is a short screening tool, and 
even though we augmented the screening instrument with two addi
tional geriatric parameters (polypharmacy and mobility issues), the 
method has its shortcomings. There are other parameters that may have 
stronger prognostic value in the older surgical population (such as 
cognition, muscle mass, aerobic capacity), and prospective data collec
tion focusing especially on modifiable risk factors would be needed to 
determine which set of variables would have optimal prognostic value. 

5. Conclusion 

In this multicenter study in 575 older patients with rectal cancer, 
preoperative screening for geriatric parameters did not improve risk 
prediction for postoperative overall or severe complications. However, 
delirium risk screening with the VMS-questionnaire significantly 
improved risk prediction for postoperative delirium. Geriatric risk 
screening may have additional value when performed early after diag
nosis and before treatment decisions are made. Future studies should 
determine which risk factors should be considered when making treat
ment decisions for older patients with rectal cancer in a prospective 
setting. Focus on modifiable risk factors is especially warranted in order 

to find targets for preoperative optimization and to further improve 
postoperative outcomes. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jgo.2022.05.004. 
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[5] Kenig J, Szabat K, Mituś J, Rogula T, Krzeszowiak J. Short- and long-term 
predictive power of the preoperative geriatric assessment components in older 
cancer patients undergoing high-risk abdominal surgery. Eur J Surg Oncol 2022. 
https://doi.org/10.1016/J.EJSO.2022.01.004. 

[6] Souwer ETD, Hultink D, Bastiaannet E, Hamaker ME, Schiphorst A, Pronk A, et al. 
The prognostic value of a geriatric risk score for older patients with colorectal 
cancer. Ann Surg Oncol 2019;26(1):71–8. https://doi.org/10.1245/s10434-018- 
6867. 

T.E. Argillander et al.                                                                                                                                                                                                                          

https://doi.org/10.1016/j.jgo.2022.05.004
https://doi.org/10.1016/j.jgo.2022.05.004
https://doi.org/10.3322/caac.21601
https://doi.org/10.3322/caac.21601
https://doi.org/10.1016/J.EJSO.2014.05.010
https://doi.org/10.1016/j.jgo.2017.09.005
https://doi.org/10.1093/annonc/mdu253
https://doi.org/10.1016/J.EJSO.2022.01.004
https://doi.org/10.1245/s10434-018-6867
https://doi.org/10.1245/s10434-018-6867


Journal of Geriatric Oncology 13 (2022) 796–802

802

[7] Michaud Maturana M, English WJ, Nandakumar M, Li Chen J, Dvorkin L. The 
impact of frailty on clinical outcomes in colorectal cancer surgery: a systematic 
literature review. ANZ J Surg 2021:1–8. https://doi.org/10.1111/ans.16941. 

[8] VMS Kwetsbare Ouderen. VMS; 2009. p. 37–42. 
[9] Oud FM, de Rooij SE, Schuurman T, Duijvelaar KM, van Munster BC. Predictive 

value of the VMS theme “frail elderly”: delirium, falling and mortality in elderly 
hospital patients. Ned Tijdschr Geneeskd 2015;159 (A8491–A8491). 

[10] Heim N, van Fenema EM, Weverling-Rijnsburger AWE, Tuijl JP, Jue P, Oleksik AM, 
et al. Optimal screening for increased risk for adverse outcomes in hospitalised 
older adults. Age Ageing 2015;44(2):239–44. https://doi.org/10.1093/ageing/ 
afu187. 

[11] Souwer ETD, Bastiaannet E, Steyerberg EW, Dekker JWT, Steup WH, Hamaker MM, 
et al. A prediction model for severe complications after elective colorectal cancer 
surgery in patients of 70 years and older. Cancers (Basel) 2021;13(13). https://doi. 
org/10.3390/cancers13133110. 

[12] Cohen ME, Bilimoria KY, Ko CY, Hall BL. 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(6): 
1009–16. https://doi.org/10.1016/J.JAMCOLLSURG.2009.01.043. 

[13] Kiran RP, 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(5):905–8. https://doi.org/10.1097/SLA.0B013E318269D337. 

[14] Murray AC, Mauro C, Rein J, Kiran RP. 30-day mortality after elective colorectal 
surgery can reasonably be predicted. Tech Coloproctol 2016;20(8):567–76. 
https://doi.org/10.1007/s10151-016-1503-x. 

[15] Sparreboom CL, Van Groningen JT, Lingsma HF, Wouters MWJM, Menon AG, 
Kleinrensink GJ, et al. Different risk factors for early and late colorectal 
anastomotic leakage in a nationwide audit. Dis Colon Rectum 2018;61(11): 
1258–66. https://doi.org/10.1097/DCR.0000000000001202. 

[16] Podda M, Sylla P, Baiocchi G, Adamina M, Agnoletti V, Agresta F, et al. 
Multidisciplinary management of elderly patients with rectal cancer: 
recommendations from the SICG (Italian Society of Geriatric Surgery), SIFIPAC 
(Italian Society of Surgical Pathophysiology), SICE (Italian Society of Endoscopic 
Surgery and new technologies), and the WSES (world Society of Emergency 
Surgery) international consensus project. World J Emerg Surg 2021;16(1). https:// 
doi.org/10.1186/S13017-021-00378-9. 

[17] Gustafsson UO, Scott MJ, Hubner M, Nygren J, Demartines N, Francis N, et al. 
Guidelines for perioperative care in elective colorectal surgery: enhanced recovery 
after surgery (ERAS ®) society recommendations: 2018. World J Surg 2019;43(3): 
659–95. https://doi.org/10.1007/S00268-018-4844-Y. 

[18] Owens WD, Felts JA, Spitznagel EL. ASA physical status classifications: a study of 
consistency of ratings. Anesthesiology. 1978. https://doi.org/10.1097/00000542- 
197810000-00003. 

[19] Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 
prognostic comorbidity in longitudinal studies: development and validation. 
J Chronic Dis 1987;40(5):373–83. 

[20] Edge S, Byrd D, Compton C, Fritz A, Greene F, Trotti A. AJCC Cancer Staging 
Manual. 7th ed. France: Springer; 2010. 

[21] Castor - Top-Rated eClinical Data Management Platform. https://www.castoredc. 
com, [Internet]. 

[22] Kruizenga HM, Seidell JC, de Vet HCW, Wierdsma NJ. And van Bokhorst-de van 
der Schueren MAE. Development and validation of a hospital screening tool for 
malnutrition: the short nutritional assessment questionnaire (SNAQ). Clin Nutr 
2005;24(1):75–82. https://doi.org/10.1016/j.clnu.2004.07.015. 

[23] Cawood AL, Elia M, Sharp SKE, Stratton RJ. Malnutrition self-screening by using 
MUST in hospital outpatients: validity, reliability, and ease of use. Am J Clin Nutr 
2012;96(5):1000–7. https://doi.org/10.3945/ajcn.112.037853. 

[24] Wallace M, Shelkey M. Katz index of independence in activities of daily living 
(ADL). Gerontologist. 1998;10(1):20–30. 

[25] Dindo D, Demartines N, Clavien P-A. Classification of surgical complications: a new 
proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann 
Surg 2004;240(2):205–13. 

[26] Hanley JA, McNeil BJ. A method of comparing the areas under receiver operating 
characteristic curves derived from the same cases. Radiology. 1983;148(3):839–43. 
https://doi.org/10.1148/radiology.148.3.6878708. 

[27] Peduzzi P, Concato J, Kemper E, Holford T, Feinstein A. A simulation study of the 
number of events per variable in logistic regression analysis. J Clin Epidemiol 
1996;49(12):1373–9. https://doi.org/10.1016/S0895-4356(96)00236-3. 

[28] Habr-Gama A, Sabbaga J, Gama-Rodrigues J, Julião GPS, Proscurshim I, 
Aguilar PB, et al. Watch and wait approach following extended neoadjuvant 
chemoradiation for distal rectal cancer: are we getting closer to anal cancer 
management? Dis Colon Rectum 2013;56(10):1109–17. https://doi.org/10.1097/ 
DCR.0b013e3182a25c4e. 

[29] Stijns RCH, De Graaf EJR, Punt CJA, Nagtegaal ID, Nuyttens JJME, Van Meerten E, 
et al. Long-term oncological and functional outcomes of chemoradiotherapy 
followed by organ-sparing transanal endoscopic microsurgery for distal rectal 
cancer: the CARTS study. JAMA Surg 2019;154(1):47–54. https://doi.org/ 
10.1001/jamasurg.2018.3752. 

[30] Montroni I, Ugolini G, Saur NM, Spinelli A, Rostoft S, Millan M, et al. Personalized 
management of elderly patients with rectal cancer: expert recommendations of the 
European Society of Surgical Oncology, European Society of Coloproctology, 
International Society of Geriatric Oncology, and American College of Surgeons 
Commission on Cancer. Eur J Surg Oncol 2018;44:1685–702. https://doi.org/ 
10.1016/j.ejso.2018.08.003. 

[31] Levolger S, van Vugt JLA, de Bruin RWF, IJzermans JNM.. Systematic review of 
sarcopenia in patients operated on for gastrointestinal and hepatopancreatobiliary 
malignancies. Br J Surg 2015;102(12):1448–58. https://doi.org/10.1002/ 
bjs.9893. 

[32] Lee CHA, Kong JC, Ismail H, Riedel B, Heriot A. Systematic review and meta- 
analysis of objective assessment of physical fitness in patients undergoing 
colorectal cancer surgery. Dis Colon Rectum 2018;61(3):400–9. https://doi.org/ 
10.1097/DCR.0000000000001017. 

[33] Gietelink L, Henneman D, Van Leersum NJ, De Noo M, Manusama E, Tanis PJ, 
et al. The influence of hospital volume on circumferential resection margin 
involvement: results of the Dutch surgical colorectal audit. Ann Surg 2016;263(4): 
745–50. https://doi.org/10.1097/SLA.0000000000001009. 

[34] Detering R, Saraste D, de tot Neree Babberich MPM, JWT Dekker, MWJM Wouters, 
van Geloven AAW, et al. International evaluation of circumferential resection 
margins after rectal cancer resection: insights from the Swedish and Dutch audits. 
Colorectal Dis 2020;22(4):416–29. https://doi.org/10.1111/CODI.14903. 

[35] de tot Neree Babberich MPM, Detering R, JWT Dekker, Elferink MA, 
RAEM Tollenaar, MWJM Wouters, et al. Achievements in colorectal cancer care 
during 8 years of auditing in the Netherlands. Eur J Surg Oncol 2018;44(9): 
1361–70. https://doi.org/10.1016/J.EJSO.2018.06.001. 

[36] Goldberg TE, Chen C, Wang Y, Jung E, Swanson A, Ing C, et al. Association of 
delirium with long-term cognitive decline: a meta-analysis. JAMA Neurol 2020;77 
(11):1373–81. https://doi.org/10.1001/jamaneurol.2020.2273. 

[37] Lee S, Lim S. Risk factors for postoperative delirium after colorectal surgery: a 
systematic review and meta-analysis. Int J Colorectal Dis 2020;35(3):433–44. 
https://doi.org/10.1007/S00384-019-03498-6. 

[38] Raats JW, van Eijsden WA, Crolla RMPH, Steyerberg EW, van der Laan L. Risk 
factors and outcomes for postoperative delirium after major surgery in elderly 
patients. PLoS One 2015;10(8). https://doi.org/10.1371/JOURNAL. 
PONE.0136071. 

[39] Janssen TL, Steyerberg EW, Faes MC, Wijsman JH, Gobardhan PD, Ho GH, et al. 
Risk factors for postoperative delirium after elective major abdominal surgery in 
elderly patients: a cohort study. Int J Surg 2019;71:29–35. https://doi.org/ 
10.1016/J.IJSU.2019.09.011. 

[40] Partridge JSL, Harari D, Dhesi JK. Frailty in the older surgical patient: a review. 
Age Ageing 2012;41(2):142–7. https://doi.org/10.1093/ageing/afr182. 

[41] Hubbard RE, Story DA. Patient frailty: the elephant in the operating room. 
Anaesthesia. 2014;69(Suppl. 1):26–34. https://doi.org/10.1111/anae.12490. 

[42] Ellis G, Gardner M, Tsiachristas A, Langhorne P, Burke O, Harwood RH, et al. 
Comprehensive geriatric assessment for older adults admitted to hospital. 
Cochrane Database Syst Rev 2017;2017(9). https://doi.org/10.1002/14651858. 
CD006211.pub3. 

[43] Bruns ERJ, van Rooijen SJ, Argillander TE, van der Zaag ES, van 
Grevenstein WMU, van Duijvendijk P, et al. Improving outcomes in oncological 
colorectal surgery by prehabilitation. Am J Phys Med Rehabil 2019;98(3):231–8. 
https://doi.org/10.1097/PHM.0000000000001025. 

T.E. Argillander et al.                                                                                                                                                                                                                          

https://doi.org/10.1111/ans.16941
http://refhub.elsevier.com/S1879-4068(22)00112-6/rf0040
http://refhub.elsevier.com/S1879-4068(22)00112-6/rf0045
http://refhub.elsevier.com/S1879-4068(22)00112-6/rf0045
http://refhub.elsevier.com/S1879-4068(22)00112-6/rf0045
https://doi.org/10.1093/ageing/afu187
https://doi.org/10.1093/ageing/afu187
https://doi.org/10.3390/cancers13133110
https://doi.org/10.3390/cancers13133110
https://doi.org/10.1016/J.JAMCOLLSURG.2009.01.043
https://doi.org/10.1097/SLA.0B013E318269D337
https://doi.org/10.1007/s10151-016-1503-x
https://doi.org/10.1097/DCR.0000000000001202
https://doi.org/10.1186/S13017-021-00378-9
https://doi.org/10.1186/S13017-021-00378-9
https://doi.org/10.1007/S00268-018-4844-Y
https://doi.org/10.1097/00000542-197810000-00003
https://doi.org/10.1097/00000542-197810000-00003
http://refhub.elsevier.com/S1879-4068(22)00112-6/rf0095
http://refhub.elsevier.com/S1879-4068(22)00112-6/rf0095
http://refhub.elsevier.com/S1879-4068(22)00112-6/rf0095
http://refhub.elsevier.com/S1879-4068(22)00112-6/rf0100
http://refhub.elsevier.com/S1879-4068(22)00112-6/rf0100
https://www.castoredc.com
https://www.castoredc.com
https://doi.org/10.1016/j.clnu.2004.07.015
https://doi.org/10.3945/ajcn.112.037853
http://refhub.elsevier.com/S1879-4068(22)00112-6/rf0120
http://refhub.elsevier.com/S1879-4068(22)00112-6/rf0120
http://refhub.elsevier.com/S1879-4068(22)00112-6/rf0125
http://refhub.elsevier.com/S1879-4068(22)00112-6/rf0125
http://refhub.elsevier.com/S1879-4068(22)00112-6/rf0125
https://doi.org/10.1148/radiology.148.3.6878708
https://doi.org/10.1016/S0895-4356(96)00236-3
https://doi.org/10.1097/DCR.0b013e3182a25c4e
https://doi.org/10.1097/DCR.0b013e3182a25c4e
https://doi.org/10.1001/jamasurg.2018.3752
https://doi.org/10.1001/jamasurg.2018.3752
https://doi.org/10.1016/j.ejso.2018.08.003
https://doi.org/10.1016/j.ejso.2018.08.003
https://doi.org/10.1002/bjs.9893
https://doi.org/10.1002/bjs.9893
https://doi.org/10.1097/DCR.0000000000001017
https://doi.org/10.1097/DCR.0000000000001017
https://doi.org/10.1097/SLA.0000000000001009
https://doi.org/10.1111/CODI.14903
https://doi.org/10.1016/J.EJSO.2018.06.001
https://doi.org/10.1001/jamaneurol.2020.2273
https://doi.org/10.1007/S00384-019-03498-6
https://doi.org/10.1371/JOURNAL.PONE.0136071
https://doi.org/10.1371/JOURNAL.PONE.0136071
https://doi.org/10.1016/J.IJSU.2019.09.011
https://doi.org/10.1016/J.IJSU.2019.09.011
https://doi.org/10.1093/ageing/afr182
https://doi.org/10.1111/anae.12490
https://doi.org/10.1002/14651858.CD006211.pub3
https://doi.org/10.1002/14651858.CD006211.pub3
https://doi.org/10.1097/PHM.0000000000001025

	Predictive value of selected geriatric parameters for postoperative outcomes in older patients with rectal cancer – A multi ...
	1 Introduction
	2 Methods
	2.1 Study Design and Patient Inclusion
	2.2 Data Collection
	2.3 Geriatric Parameters
	2.4 Outcomes
	2.5 Statistical Analysis

	3 Results
	3.1 Patient Inclusion
	3.2 Baseline and Treatment Characteristics of Included Patients
	3.3 Geriatric Parameters
	3.4 Baseline and Treatment Characteristics Between Patients with at Least One Geriatric Risk Factor and Patients Without Ge ...
	3.5 Outcomes
	3.5.1 Overall Complications
	3.5.2 Severe Complications
	3.5.3 Postoperative Delirium
	3.5.4 Length of Stay
	3.5.5 Discharge to Another Care Facility
	3.5.6 Thirty-day Mortality


	4 Discussion
	5 Conclusion
	Source of Funding
	Author Contribution Statement
	Declaration of Competing Interest
	Acknowledgments
	References


