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General introduction
and thesis outline






Introduction and thesis outline

Colorectal cancer (CRC) is the second most common cancer worldwide. In the
Netherlands, the number of newly diagnosed patients is around 15,000 per year,
with more than 50% of these patients being 70 years and older." In the decades to
come, the number of older patients with colorectal cancer is expected to increase
due to unfavourable lifestyle changes, increased life-expectancy and early detection
programs.” The mainstay of curative treatment for stage I-III involves surgical
resection.’ But with advancing age, there is an increased risk for adverse outcomes
of surgery such as postoperative complications, readmission or even death.*®
In addition, surgery may have a prolonged impact on older patients,” including
decreased physical functioning® and quality of life.”!" In individual patients, these
adverse outcomes may outweigh the possible benefits of surgery, such as symptom

relief or cancer survival.

Selecting the appropriate cancer treatment for older patients is challenging.
Scientific evidence is lacking because older patients, especially frail older patients,
are underrepresented in clinical trials.'>* Hence, in clinical practice, there is often
uncertainty what the best cancer treatment is for an individual patient. In CRC
care, this is demonstrated by the considerable treatment variation with respect to
radiotherapy and surgery for rectal cancer patients and adjuvant chemotherapy
for patients with stage III colon cancer.'*"

Traditionally, treatment decisions have depended on age, ASA (American Society
of Anesthesiologists) score or the physical performance scale (PS). However, these
criteria do not capture the heterogeneity of health and physical performance
of older patients.'® Fortunately, there is a growing number of studies that have
investigated risk factors and methods that can direct cancer treatment decisions
in older patients. In addition, pre- and perioperative interventions that are aimed
to improve outcomes of older patients have become available or are already

implemented into standard CRC care.

Quantifying the risk for adverse outcomes
In older patients, undernutrition,"” cognitive impairment, polypharmacy,'®*

reduced mobility and impaired physical performance?* have been identified
as important risk factors for increased risk of postoperative complications,
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Chapter 1

chemotoxicity and lower overall survival after cancer treatment. Low physical
performance and functional dependency are also associated with increased
care needs after hospitalisation and readmission.?*? In addition, patients with
preoperative impairment in activities of daily living (ADL) are at increased risk
of further functional decline after CRC surgery? Also, skeletal muscle mass
and density (related to sarcopenia, physical functioning and functional decline)
showed associations with postoperative complications, extended hospital stay**
% and chemotoxicity.** Although, skeletal muscle mass and density as prognostic

factors have not been studied in older colorectal cancer patients.

It is important to realise that impaired physical performance, comorbidity,
undernutrition, and cognitive impairments are regularly missed during oncological
workup,® resulting in an incorrect assessment of performance status.* Therefore,
for individual risk assessment in older patients, Comprehensive Geriatric
Assessment (CGA) has been advocated because it captures the considerable
heterogeneity in health and functional ability of older patients. CGA can estimate
the patient’s physical and cognitive reserves that are needed to tolerate cancer
treatment and it can reduce the risk of under- and overtreatment.” CGA has been
shown to change the treatment decision in up to 40% of older cancer patients,
especially those receiving chemotherapy.®®

When CGA is not available, prognostic information for individual patients may
be obtained from a Geriatric Assessment (GA)* or even geriatric screening tools
(such as ISAR-HP* and G8*') as outcomes of these screening are associated with
treatment tolerance, overall survival and functional decline in haematological
malignancies, head and neck cancer and lung cancer.*** Risk-prediction models
may also be used to support treatment decisions because they can an estimate of
individual treatment outcomes.

Prediction models need to be applicable, relevant and accurate for their intended
use.” Providing accurate prognostic information to older CRC patients concerning
possible risk and benefits of treatment improves the likelihood that treatment
decisions are consistent with individual needs, values, and preferences. Multiple
risk prediction models are available for the prediction of morbidity and mortality
after CRC surgery.*! However, it is unclear whether these prediction models
are applicable and accurate for older, especially frail, patients. Ideally, prognostic
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information should include not only adverse events but also functional outcomes
and quality of life after treatment, as this information is especially relevant to older
patients. Providing prognostic information can also be used to identify high-risk

populations to indicate interventions aimed at improving surgical outcomes.

Risk modification

In CRC care, perioperative interventions such as Enhanced Recovery After Surgery
(ERAS) and laparoscopic surgery, have been shown to be beneficial to older
patients.”>*® Several studies have addressed the effects of prehabilitation before
surgery aimed to increase resilience®** and early discharge to a rehabilitation
centre aimed to reduce the adverse effects of a hospital stay.*® In the majority
of younger patients, prehabilitation before CRC surgery positively influenced
physical performance,®™** but the impact on postoperative complications was
absent.® Also, in patients scheduled for thoracic surgery, prehabilitation has shown
to reduce complication rates and shorten hospital stay." However, prehabilitation
studies in older CRC patients are scarce and results are inconsistent.® There is
also alack of studies that investigated optimal patient selection for prehabilitation.
However, information collected from a (C)GA might be of aid.

In patients planned for cancer treatment, CGA can be used to direct non-
oncological interventions including nutritional, social and psychological support,
and medication optimisation. Such non-oncological interventions are proposed
in up to 70% of patients referred for CGA. Therefore, geriatric screening and
assessment are recommended as part of standard oncological workup.®* Thus
far, the usefulness of oncogeriatric care and interventions on outcomes of CRC
surgery including mortality, complications, quality of life and physical functioning
is not clear.

Aim and thesis outline
This thesis aims to investigate which older patients with CRC are at risk of poor

surgical outcomes. Existing prediction tools are explored and evaluated, and
predictive patient characteristics are studied in areal life cohort (PartI). In addition,
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interventions are studied designed to modify the risk for poor surgical outcomes
in older patients with CRC and quality of life and functional performance after
CRC treatment, outcomes that are especially relevant to older patients, are studied
(Part II).

Part I. risk quantification

In Chapter 2, a systematic review method is used to discuss existing prediction
models and risk groups for adverse outcomes of colorectal surgery. Also, the
different predictors and outcomes of these models are evaluated for their

applicability to older patients.

In Chapter 3, the predictive value of the G8 and ISAR-HP screening tools are
studied with regard to postoperative complications and 1-year mortality after
colorectal cancer surgery in older patients. In Chapter 4, skeletal muscle mass and
density are studied for their prognostic value for adverse events after CRC surgery.
A comprehensive multicentre database containing demographic and geriatric data
of 550 consecutive older patients provided the data for Chapter 5. In this chapter,
we investigated the prognostic value of geriatric predictors based on the data of
Chapters 2 to 5, a new preoperative prediction model for severe complications is

presented in Chapter 6.

Part Il. risk modification

In Chapter 7, the effect of a prehabilitation and rehabilitation program for older
patients on 1-year mortality and complications, is studied. In Chapter 8, Health-
Related Quality of Life (HRQoL) in the first postoperative year is investigated
in older patients with colorectal cancer treated in a geriatric care pathway.
Differences between patients with and without geriatric deficits are studied.
Chapter 9 describes the effect of CGA on treatment decisions for older patients
with colorectal cancer. Following a summary in Chapter 10, the main findings and

future perspectives are discussed in Chapter 11.
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Chapter 2

Abstract

Background: An increasing number of patients with Colorectal Cancer (CRC) is
65 years or older. We aimed to systematically review existing clinical prediction
models for postoperative outcomes of CRC surgery, study their performance in

older patients and assess their potential for preoperative decision making.

Methods: A systematic search in Pubmed and Embase for original studies of
clinical prediction models for outcomes of in colorectal surgery. Bias and relevance
for preoperative decision making with older patients were assessed using the
CHARMS guidelines.

Results: 26 prediction models from 25 publications were included. The average
age of included patients ranged from 61 to 76. Two models were exclusively
developed for patients of 65 and older. Common outcomes were mortality (n=10),
anastomotic leakage (n=7) and surgical site infections (n=3). No prediction models
for quality of life or physical functioning were identified. Age, gender and ASA
score were common predictors; 12 studies included intraoperative predictors. For
the majority of the models, bias for model development and performance was

considered moderate to high.

Conclusions: Prediction models are available that address mortality and surgical
complications after colorectal surgery. Most models suffer from methodological
limitations, and their performance for older patients is uncertain. Models that
contain peri-operative predictors are of limited use for preoperative decision
making. Future research should address the predictive value of geriatric
characteristics to improve the performance of prediction models for older patients.
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Abbreviations

ACPGBI
ACS

AFC

BH 2012
CCF

CLS

COLA score
CR
CR-BHOM
CRC
CrOSS
IRCS score
I-score
JSCCR
LARS
NNIS
N-RIC
NSQIP
POSSUM

PROCOLE

The Association of Coloproctology of Great Britain and Ireland
The American College of Surgeons

the French Association for Surgery

Barwon Health 2012 model

Cleveland Clinic Foundation

Colon leakage score

Contamination, Obesity, laparotomy and ASA Grade score
Colorectal

Colorectal The Biochemistry and Haematology Outcome Model
Colorectal Cancer

Colorectal preOperative Surgical Score

Identification of Risk in Colorectal Surgery score

Ileus Score

Japanese Society for Colon and Rectal Cancer

the Low Anterior Resection Syndrome

the National Nosocomial Infections Surveillance (Japan)

NNIS - risk index category

National Surgical Quality Improvement Program

The Physiological and Operative Severity Score for the enUmeration
of Mortality and morbidity

Prognostic Colorectal Leakage
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Chapter 2

Introduction

Older patients make up the majority of new patients with colorectal cancer,
and for this heterogeneous population, risks and benefits of treatment must be
weighted at an individual level."* Prediction models can be used to facilitate this
process and estimate the outcomes of treatment. Morbidity and mortality are
important outcomes to discuss when deciding upon cancer treatment, but for
older patients with cancer quality of life and retaining functional independence

are also important outcomes.’

The aim of this systematic review was to study existing clinical prediction models
that were developed to predict postoperative outcomes of colorectal cancer
surgery. Quality and accuracy of the prediction models in older patients were
studied. Furthermore, their usefulness for preoperative decision making in older

patients was evaluated.

Methods

Search strategy and article selection

This systematic review is reported following the recommendations set forth by the
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
statement.® A literature search was performed on 1 November 2018, in both the
electronic databases Pubmed and Embase. The search contained the following key
elements: “colorectal’, “surgery” and “prediction” or “risk model” or “nomogram”
No limits in age, language or publication date were included in the search. The full

search strategies are shown in Appendix A.

Inclusion criteria for prediction modelling studies were as follows; the study’s main
goals included the development of a prediction model for postoperative outcomes
of colorectal surgery. The final prediction model included more than one variable,
and the model’s performance was reported as an Area Under the Curve (AUC)
or C-statistic/index. It was mandatory that pre- or intraoperative predictors were
included in the published prediction model. Studies examining the validity of a
prediction model outside the development population (the study population on
which the prediction model was developed), without calibration or model update,
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were not eligible for inclusion in this review. Neither were reviews, editorials and
conference abstracts.

Predefined outcomes of interest were any postoperative morbidity (for example,
complications, readmission, hospital stay, functional and quality of life outcomes)
and postoperative mortality up to 12 months.

All titles and abstracts of the studies retrieved by the search were addressed by
two reviewers (ETDS and EB), to determine which studies warranted further
examination. Articles in other languages then English, German, French or Dutch
were excluded.

The following studies were excluded based on title and abstract: treatment options
other than colorectal surgery, no original research, non-human studies, only a
subgroup of patients (e.g. only lung metastasis or liver metastasis), the inclusion
of postoperative variables in the final model or the outcome of interest was
not postoperative morbidity of mortality. All potentially relevant articles were
subsequently screened as full text by two authors (ETDS and EB). In the case
a model update was published, the updated model was included in the review,
but study information of the original study model was used when applicable.
Furthermore, references of included publications were cross-referenced to retrieve
any additional relevant citations. Finally, only studies that had a score chart or
nomogram published or online/offline calculator made available were eligible for

data-extraction.

Data extraction and quality assessment

The CHecKklist for critical Appraisal and data extraction for Systematic Reviews
of prediction Modelling Studies (CHARMS) was used for data extraction.” For
each included study, the following data were independently extracted by two
investigators (ETDS, EB): Study date, data ssource (cohort, case-case control,
randomised trial or registry data), study population (age, gender, tumour stage
and type of surgery), outcome of interest, number of outcome events reported,
predictors included in the final model. The final model's performance was
assessed based on its discrimination (AUC of the c-statistic/index, sensitivity and
specificity to calculate a Likelihood Ratio) and calibration (accuracy of the predicted
risk versus the observed risk, and reported by Hosmer-Lemeshow (H-L) test value,
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Observed/expected ratio or calibration plot). For all studies, we searched for
external validation studies in the Pubmed and Embase databases.

Clinical predictors were classified into demographic-, comorbidity- (including
American Society of Anesthesiologists Classification (ASA) score, Body Mass
Index (BMI)) biochemical- (electrolytes and albumin), geriatric- (falls, functional
dependency, independency (i) Activities of Daily Living (ADL), cognition) and
non-geriatric predictors (all others, including weight loss).

Quality assessment

The methodological quality of each study was independently assessed by two
reviewers (ETDS, EB). The CHARMS checklist was also used to evaluate the risk
of bias and applicability concerns. Applicability refers to the extent to which the
prediction model is useful for older colorectal cancer.” The intended use is for
preoperative shared decision making with older patients. Therefore, predictors
need to be available preoperatively. In Appendix A and B, the criteria for quality
assessment and applicability are described. These criteria were adapted from a
systematic review of asthma prediction models by Smit et al.® We defined a
prediction tool representative for the average older patient with colorectal cancer,
when at least 30% of the study population was 65 years or older. In European
countries and the USA, more than half of all patients with colorectal cancer are
65 years or older.’ In case of a model update; the model development studies were

reviewed to assess the method of predictor selection.

Data synthesis and analysis

We describe study characteristics and the outcomes of interest, the predictors
of each model and the model’s performance. Furthermore, the quality (bias and
applicability) of the prediction model studies was described.

Results

Study characteristics

The literature search identified 2885 citations (1899 from Medline and 1100
from Embase), of which 992 were duplicates. Details on the search and final
study selection are shown in Figure 1. After exclusion of 2957 publications, 25
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publications with 26 prediction models were included in this review.'** Cross-
referencing yielded no additional results. The characteristics of 26 prediction
models (Shen et al. reported two models)* are summarised in Table 1. Four
publications were adaptions of earlier published prediction models.?>

Figure 1 PRISMA flow diagram

Publication years ranged from 2003 to 2018; seven studies originated from
the United States (USA), four from the United Kingdom (UK) including one
collaboration with Denmark and three from China. Other countries were
Australia, Bosnia Herzegovina, France, Japan, the Netherlands, Spain and
Switzerland. There was some heterogeneity between the study cohorts and related
interventions; patient cohorts included patients with colorectal cancer and patients
with colorectal surgery (including those with noncancer indications). The most
frequently studied intervention was resectional colorectal surgery; in the study of
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Dekker et al.”® the studied intervention was left-sided colorectal surgery and in the
studies of Hu et al.??, Battersby et al.* and Hoshino et al.”* only rectal surgery was
studied. The study populations for the 25 studies originated from single centres
(13), multicentre studies (5) and registry data or administrative data (7). In the
majority of the studies (19 out of the 25) data were collected prospectively. Two
prediction model studies used a meta-analysis to select predictors for the final

model instead of a primary database.”>*

Patients and outcomes
The number of patients that were included ranged from 119 to 23,5407. Average
age ranged from 61 to 76. Two models were exclusively developed for patients of

65 and over.?**

Of the 26 models, ten models studied mortality as an outcome and seven
anastomotic leakages (Table 1). Two models with mortality as an outcome were
also developed to predict major complications or major morbidity.'>* Deep
organ space infections, wound disruptions, stroke, renal failure and sepsis were
considered major complications and anastomotic leakage, abscess, bleeding or
postoperative bowel obstruction as major morbidity in these studies. No models
focused on quality of life or postoperative functional dependency.

Predictors

For model development, predictors were mostly selected based on their statistical
significance (with p<.10 or p<.05) with a corresponding weight (OR), before
constructing the final model.!*!4162628-30323¢ Eor three models, the choice of
predictors depended exclusively on the research of the literature or clinical
experience.'>”*! The median number of predictors included was 6 (range 4-22). In
Table 2A-C, predictors in the different prediction models are depicted, categorised
by outcome (mortality, anastomotic leakage and “other outcomes”) which include
all other surgical complications including ileus, post-acute care discharge, cardiac

events and readmission.
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Age, ASA score, tumour stage, operative urgency, and albumin were more
common predictors for mortality and anastomotic leakage. Six models included
parameters such as weight loss'>***! and functional status or dependency.'>'5%
Thirteen out of 26 prediction models included intraoperative predictors such as
laparoscopic surgery, surgical extent, peritoneal contamination, distance of the
anastomosis, duration of surgery , and intraoperative complications such as blood
loss.!1917:19:21,22:24.2528-3134 The proportion of studies that included intraoperative
predictors were higher in models with anastomotic leakage as an outcome (5 out of
7)151921.2229 and the “other outcomes” summarised in Table 2C.1724283034 I contrast,
only one model for postoperative mortality included intraoperative predictors in
their final model.*°

Applicability concerns

Shown in Table 3, are the applicability concerns for participant selection,
predictors and outcomes for the different studies where they are judged based on
their applicability for preoperative shared decision making with older patients.
Applicability concerns related to the population were raised for the studies of Pasic
et al."” and Rojas.” These studies did not describe their study population in more
detail or did not include > 30% older patients.
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All the outcomes were considered relevant for older patients, all the non-
mortality outcomes such as anastomotic leakage, surgical complications, LARS
symptoms, multiple admission (health care usage) could result in delayed recovery
and decrease in HRQoL. That also included surgical site infections. Due to the
inclusion of intraoperative predictors, there were applicability concerns for
preoperative decision making for thirteen studies.'®!>!719:21,222425283134 The CR-
POSSUM model for postoperative mortality '° includes a peri-operative collected
physiological score that cannot be calculated preoperatively. Inclusion of predictors

such as intraoperative blood loss and duration of surgery,'>!%>23034

intraoperative
complications,” the distance of the anastomosis to the anal verge'>** limits the

applicability for preoperative decision making.

Table 3 Applicability concern based on the CHARM checklist

Applicability Concern
Participant Predictors Outcome
selection
Mortality
Tekkis et al. 1 L M L
Fazio etal. ! L L L
Slim et al. 12 L L L
Cohen etal. 1® L L L
Farooq et al. L L L
Richards et al. © L L L
Kiran etal. '8 L L L
Van der Sluis et al. L L L
Kong et al. # L L L
Murray et al. 2 L L L
Anastomotic leakage
Dekker et al. '* L M L
Pasic etal. ¥ M M L
Frasson et al. ! L M L
Hu etal. 2 L M L
Rojas-Machando et al. 7 H L L
Rencuzogullari et al. # L M L
Hoshino et al. # L L L
Other outcomes
Gervazetal. 77 L M L
Vather et al. 2 L M L
Watanabe et al. L L L
Bailey et al. 2 L L L
Zhang et al. * L M L
Battersby et al. *! L L L
Fieber et al. L L L
Shen et al. * L M L

CHARMS; checKklist for Critical Appraisal and Data Extraction for Systematic Reviews of Prediction
Model Studies. Criteria listed in the Appendix B.
L, low concern; M, moderate concern; H, high concern
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Technical analysis and performance

Tables 4A-C shows the technical analysis and performance of all model. For
mortality (Table 4A), the reported discrimination (AUC) of the models during
model development ranged from 0.73 to 0.91. However, eight studies did not
report confidence intervals.'"'#!¢182326 The internal validation methods that
were reported were random-split,'®'"'82¢ cross-validation," two studies reported

external validation.!®

Additional external validation studies were found for the following models:
CR-POSSUM,**# CCF-CRM,* AFC Index,* CR-BHOM,* revised ACPGBIL*
and IRCS.* Discrimination ranged from 0.56-0.89. However, calibration was
considered poor except for the CR-BHOM and AFC model. Calibration could not
be judged for the ACS-NSQIP model®. The performance of the CR-POSSUM"
and CR-BHOM™" models in a cohort of 991 Portuguese octogenarians were AUC
0.74 and 0.65, and poor and good calibration, respectively.*!

For the anastomotic leakage models (Table 4B), discriminaton of the models
ranged from 0.63 to 0.95 (in the development cohort). Discrimination in the
development phase did not apply to the studies of Dekker et al.”® and Rojas-
Machado et al.”” because of their meta-analysis approach for model development.
Remarkably, the study of Pasic et al. reported an AUC of 1.0 (validation) without
a confidence interval in a small study population of 40 patients.” Additional
external validation studies were found for the CLS,”*¢ anastomoticleak.com,*
and ACS-NSQIP anastomotic leakage model.* In these studies, AUC ranged
from 0.58-0.80. Calibration could not be judged for the ACS-NSQIP anastomotic
leakage model and JSCCR model.

For the “other” outcomes, the methodological and model performance analysis is
shown in Table 4C. Of note, the discriminatory performance of the COLA-score
model varied across the countries France, England and Switzerland (AUC 0.60-

0.64), with poor calibration in all three cohorts.
Online calculators can be found for the CR-POSSUM!, ACS-SNQIP!326»

and ACPGBI models.'* Other modes of presentation were a formula, chart or

nomogram.
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Critical appraisal
Also shown in Tables 4A-C is the quality assessment of the studies. The risk
for bias can be subdivided into selection bias (participant selection and sample
attrition), information bias (predictor and outcome assessment concerns) and
analysis concerns.

Selection bias

The risk of selection bias for the prediction models studied was rated moderate to
high; eight studies rated ‘high’ for risk of selection bias. In two studies, participant
selection was unclear.'”?” For these studies and five others that did not report loss
of follow up, there were high attrition concerns.'*!*!*?3 In only four prediction
model studies, there was no loss of follow-up.'*2*%

Information bias

In the majority of the studies, the risk of information bias related to the outcome
was considered low. Three studies''**” did not use data-driven predictor selection,
but predictor selection was based on a meta-analysis or Delphi Round. In the
studies that did not have mortality as an outcome, the risk was higher due to the
unclear measurement of the outcome, lack of blinding or non-standardised timing
of the outcome.

Analysis bias

Lastly, for the risk related to the analysis, all studies were rated ‘moderate’ to ‘high’
In the majority of the studies, the number of missing values was not reported, and
predictors were included not independent of the p-value. Other concerns were
related to the small sample sizes for estimation of the predictor effect; the event/

predictor ratio being less than ten events per predictor in seven studies'>*>227304

In 6 out of the 25 studies, internal or external validation was not performed or

reported.'*!52>42>27 Therefore assessment of potential overfitting and optimism
could not be assessed.
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Discussion

We identified 26 prediction models out of 25 studies for postoperative outcomes
of colorectal surgery; ten models studied mortality as an outcome and seven
anastomoticleakages. Other outcomes were surgical complications, gastrointestinal
problems (including prolonged ileus), perioperative cardiac events, readmissions,
and discharge not to home. The average age of included patients ranged from 61
to 76. Two models were exclusively developed for patients of 65 and older. We
found no models with quality of life or functional dependency as an outcome.
Age, gender and ASA score were common predictors. Twelve studies included
intraoperative predictors, such as surgical extent, the distance of the anastomosis,
duration of surgery, and intraoperative complications, including both models for

older patients, which limits their use for preoperative decision making.?***

There were methodological concerns relating to sample in size (28%), missing
external validation (42%) and not reporting on calibration (28%). Information bias
and analysis bias was considered moderate to high in 22 studies (88%). In external
validation studies, discrimination and calibration were more likely to be worse
compared to the original study. Based on the applicability and methodological
concerns, no useful model for older patients was identified that could be used for

preoperative shared decision making.

For older patients risks and benefits of treatment must be weighted at an
individual level. Identification of high-risk patients enables the initiation of
geriatric interventions such as prehabilitation? that could reduce the risk. In
older medical oncology patients, a Geriatric Assessment (GA) has been shown to
reveal previously unknown medical issues that are associated with poor outcomes
of treatment,”* including surgical oncology.®® Potential predictors of surgical
outcomes in older patients are comorbidity, functional dependency '*!#%, falls and
cognitive impairments.”’ Introduction of such predictors in existing prediction

tools may improve a prediction model’s performance for older patients.

Methodological concerns affect clinical applicability and generalizability of
prediction models. Especially in small datasets, the effect of included predictors
may be overestimated.'>*?*** Hence, alternative methods are available for the
selection process of candidate predictors to reduce this risk of overestimation. These
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include selecting candidate predictors based on meta-analysis or literature’*?, or
more modern techniques such as least absolute shrinkage and selection operator
(LASSO).*"** These methods still need a sufficient sample size to provide reliable
estimations.

Concerns in generalisability exist, when data-driven models are not internally
or externally validate.??*?>?* Furthermore, a split-sample validation does not
assess the external validity of a model in the development study.'®!#26323* Eor
more recently published models, it was more easy to judge bias and applicability,
because these were more often reported in line with the Transparent Reporting
of a Multivariable Prediction Model for Individual Prognosis or Diagnosis
(TRIPOD)*. That does not disqualify the validity of the earlier developed models,
however it hampers the formal assessment of the quality and performance and
applicability for older patients as used by the CHARMS checklist.

This review summarised the information available on the included predictors and
performance of the different models. By selecting 25 studies out of almost 1900
publications, it is unlikely that we missed any unknown prediction models, which
adds to the strength of this review. The assessment of the risk of bias aids in the
critical appraisal of a prediction model for clinical practice. Albeit, the various
prediction models did not prove to be specifically useful for older CRC patients.

There are some limitations to our review. First, we focused on clinical prediction
models, excluding studies only describing logistic models without further analysis
of their model performance. Second, with 25 studies included in this review,
we decided not to assess the individual predictors on their association with the
outcomes. Therefore, no information is provided on the weight of predictors,
although the CHARMS checklist suggests providing these details.” For these
details as well as for the definition of outcomes such as anastomotic leakage and
severe morbidity were refer to the individual studies.
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Recommendations for future research

For prediction model development and validation studies, sample size should be
sufficient to reliably estimate a model’s performance. Furthermore, for prognostic
research, calibration measures (reliability of the prediction for the different
risk groups) within external validation studies have more importance then
discrimination (who is at risk and who is not)** because only reliable individual

risks predictions can be used to make treatment decisions.

Also, a model may require periodic updating because of changes in the population
under interest.”®> Outcomes of colorectal surgery have improved due to care
innovations such as auditing, ERAS (includinglaparoscopic surgery),” neoadjuvant
treatment and wait-and-see policies for rectal cancer (after complete remission
after radiotherapy) and liberal use of defunctioning colostomy.”” Furthermore, a
decrease in 30-day and one-year mortality after CRC surgery occurred in the past
decades.”®>

Lastly, transparent reporting of future prediction model studies can improve by
systematically using the TRIPOD guidelines.*

Conclusion

Many prediction models are available that address mortality and surgical
complications after colorectal surgery, but not for prediction of quality of life or
functional decline. Most of these models were not developed for older patients and
include only a limited number of risk factors specific to older patients. Half of the
included prediction models included peri-operative predictors, which limit their
use for preoperative decision making. Future research should address geriatric
characteristics to improve prediction models for preoperative decision making
with older patients.
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Appendix A Full search Pubmed and Embase

Pubmed

("Colon”[majr] OR “Colon”[ti] OR ’colonic”[ti] OR “colorectal’[ti] OR
“Rectum”[majr] OR "Rectum”[ti] OR “rectal”[ti] OR “large bowel’[ti] OR lower
gastro*[ti]) AND ("Colorectal Surgery”’[majr] OR “General Surgery”’[majr]
OR 7surgery”[ti] OR “surgical”’[ti] OR “Colectomy”[majr] OR “Colectomy”|ti]
OR 7Colectomies’[ti] OR resect*[ti] OR dissect*[ti] OR “Anastomosis,
Surgical’[Majr:NoExp] OR “anastomosis’[ti]i OR “anastomoses’[ti] OR
“anastomotic”[ti] OR ”"Surgical Stomas’[majr] OR “stoma’[ti] OR stomas”[ti]
OR 7Ostomy”’[Majr:NoExp] OR 7“Ostomy”[ti] OR ’“ostomies’[ti] OR
“Enterostomy”’[majr] OR ”“Enterostomy”[ti]] OR “Enterostomies’[ti] OR
“Colostomy”[ti] OR "Colostomies”[ti] OR "Ileostomy”[ti] OR “Ileostomies”[ti])
AND ("Decision Support Techniques’[Mesh] OR “Nomograms”’[Mesh] OR
nomogram*[tw] OR ((model*[tw] OR calculat*[tw]) AND (predict*[tw] OR
”Risk’[Mesh] OR ’risk’[tw] OR ’risks’[tw]))) NOT (“animals’[mesh] NOT
“humans”[mesh])

Embase

(exp *colon/ OR ”Colon’ti. OR “colonic”ti. OR “colorectal’ti. OR exp *rectum/
OR "Rectum”ti. OR “rectal’ti. OR "large bowel”ti. OR lower gastro*.ti.) AND (exp
*colorectal surgery/ OR *general surgery/ OR “surgery”ti. OR “surgical’ti. OR
exp *colon resection/ OR “Colectomy”ti. OR "Colectomies”ti. OR resect*.ti. OR
dissect*.ti. OR exp *anastomosis/ OR “anastomosis”ti. OR “anastomoses’ti. OR
“anastomotic”ti. OR *stoma/ OR *colon stoma/ OR *ileostoma/ OR “stoma”.ti. OR
“stomas”.ti. OR *ostomy/ or *enterostomy/ OR “Ostomy”.ti. OR “ostomies”.ti. OR
“Enterostomy”ti. OR "Enterostomies”.ti. OR "Colostomy”.ti. OR "Colostomies”.ti.
OR ”Ileostomy”ti. OR “Ileostomies”ti.) AND (exp decision support system/ OR
nomogram/ OR nomogram*.ti,ab. OR ((model*.ti,ab. OR calculat*.ti,ab.) AND
(predict*.ti,ab. OR risk/ OR mortality risk/ OR patient risk/ OR risk factor/ OR
risk”ti,ab. OR “risks”ti,ab.))) NOT conference abstract.pt. NOT (animal/ NOT
human/)
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Appendix B Criteria for scoring of risk of bias based on the CHARMS checklist

Potential Bias

Risk of bias

Items to be considered for potential bias

Participant selection

Selective inclusion

Predictor assessment

Treatment predictors;
do the modify outcome
and were they handled

appropriately

L

M

H

Low risk if

Moderate risk if

High risk if

Risk of bias

L

M

H

Low risk if

Moderate risk if

High risk if

- selection bias was unlikely,

- study avoided inappropriate inclusions or exclusions,

- in- and exclusion criteria were adequately described

- participants were enrolled at a similar presentation of
their disease

- differences were accounted for by including appropriate
predictors in the analysis

- not satisfying one of the above OR

- no adequate description of the recruitment of the study
sample

- no adequate description of the sample for key predictors

if both items were not adequately described

- predictor definitions were the same for all participants
- predictor measurement was blinded to outcome data
- all predictors were available at the time the model is
intended to be used

- predictors were measured with valid and reproducible
methods such that misclassification was limited and if
- predictors were assessed in a similar way for all study
participants

one of the criteria was not satisfied

if method for assessment of outcome was not adequately
described

Outcome assessment

Risk of bias

L

M
H

Low risk if

Moderate risk if
High risk if

- the outcome was pre-specified and

- measured with sufficient validity and reproducibility and
- measured in a similar way for all study participants and

- if the outcome was assessed independently from the
assessment of predictors

Note: for easy to obtain predictors such as gender, it is

not possible to assess outcome independent of predictor
information

one of the criteria was not satisfied
the assessment of outcome was not adequately described

Attrition

Risk of bias

48

L

M

Low risk if

Moderate risk if

there was no loss-to-follow-up

- there were no important differences on key
characteristics between included participants and those
who were lost-to-follow-up or missing

- loss-to-follow-up was lower than 20% and - there were
no important differences on key characteristics between
included participants and those who were lost-to-follow-
up or missing OR:

- loss-to-follow-up was higher than 20% but missing

data and loss-to-follow-up were imputed adequately or
there were no important differences on key characteristics
between included participants and those who were lost-
to-follow-up or missing



H High risk if

Risk prediction models for CRC patients

- loss-to-follow-up was higher than 20% and/or

- there were important differences on key characteristics
between included participants and those who were lost-
to-follow-up or missing or

-loss-to-follow-up was not described

Analysis (including?
time interval
between predictor
and outcome was
reasonable, part of
eligibility)

Risk of bias

L Low risk if

M Moderate risk if

H High risk if

- relevant aspects of analysis were described allowing to
judge the quality of the analysis to be adequate

- # outcome events per candidate predictor reasonable

- missing data handled appropriately or no differences

- predictors included independent of p-value

- overfitting and optimism accounted for

- weights assigned according to the regression coefficient
- calibration and discrimination assessed

- recalibrated or described that it was not needed

- relevant aspects of analysis were described allowing to
judge the quality of the analysis to be adequate and part or
none of the model evaluation items were reported

not satisfying any of the aspects under low risk of bias

Applicability concert

Applicability concern

Items to be considered for applicability concern

Participant selection

L Low if

M Moderate if

Truly representative of an average elderly patient with
colorectal cancer
And > 30% older patients (65) were included

Somewhat representative of the average older patient
with colorectal cancer

H  Highif Not representative of the average older patient with
colorectal cancer OR
no clear definition
Predictor Applicability concern
L Low risk if - Predictors are available for older patients with
colorectal cancer and
- All Predictors are preoperatively assessed
M Moderate if One of the above criteria was not met
H  Highif Both criteria were not met
Outcome Applicability concern
L Low if - Outcome applicable to older patients with colorectal

M Moderate if

H  Highif

cancer
- Outcomes discussed could change a treatment
decision

If one of the above criteria was not met

None of the criteria was met
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Abstract

Background: Older patients are at risk for adverse outcomes after surgical
treatment of cancer. Identifying patients at risk could affect treatment decisions
and prevent functional decline. Screening tools are available to select patients for
Geriatric Assessment. Until now, their predictive value for adverse outcomes in

older colorectal cancer patients has not been investigated.

Objective: To study the predictive value of the Geriatric 8(G8) and Identification
of Seniors at Risk for Hospitalized Patients (ISAR-HP) screening tools for adverse
outcomes after elective colorectal surgery in patients older than 70 years. Primary
outcomes were 30-day complication rates; secondary outcomes were the length of

hospital stay and six-month mortality.

Patients and methods: Multicentre cohort study from two hospitals in the
Netherlands. Frail was defined as a G8<14 and/or ISAR-HP >2. Odds Ratio (OR)
is given with 95% CI.

Results: Overall, 139 patients (52%) out of 268 patients were included; 32
patients (23%) were ISAR-HP-frail, 70 (50%) were G8-frail, 20 were frail on both
screening tools. Median age was 77.7 years. ISAR-HP frail patients were at risk
for 30-day complications OR 2.4 (CI 1.1-5.4, p= 0.03), readmission OR 3.4 (1.1-
11.0), cardiopulmonary complications OR 5.9 (1.6-22.6), longer hospital stay
(10.3 versus 8.9 days) and six-month mortality OR 4.9 (1.1-23.4). When ISAR-
HP and G8 were combined OR increased for readmission, 30-day and six-month

mortality. G8 alone had no predictive value.
Conclusions: ISAR-HP-frail patients are at risk for adverse outcomes after

colorectal surgery. ISAR-HP combined with G8, has the strongest predictive value
for complications and mortality.
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Introduction

In the Netherlands, more than 13,000 patients are diagnosed with colorectal
cancer every year.! Colorectal cancer is predominantly a disease of the elderly as
60% of patients are over 70 years of age at time of diagnosis and the number of
older patients in the next two decades is expected to increase by another 40%.>

Older patients are a heterogeneous group with a great variety in comorbidity,
physiological reserves, geriatric impairments and functionality.* As a result of
these differences, benefit from treatment can differ and the elderly are at risk for
adverse health outcomes after major stressors like emergency department visits,
hospitalization, cancer and its treatment.> Selecting optimal treatment for older
patients is challenging as age, cognitive functioning, physical functioning and
comorbidities are related to adverse outcomes and death.”!* The International
Society of Geriatric Oncology (SIOG) recommends assessment of patient’s
physiological reserve using a geriatric assessment (GA)."' A GA can detect health
issues and functional problems that are often missed in a regular oncological
workup while they are associated with poor oncological outcomes.’> With an
increasing number of older patients diagnosed with cancer, screening methods
have been developed to identify those at risk for adverse health outcomes and
who may benefit from a comprehensive geriatric evaluation and interventions.
At present, several screening methods are proposed in the SIOG guideline to
select patients for subsequent GA."” The screening questionnaire Geriatric 8 (G8)
proved to have the highest sensitivity compared to the TRST 1+, GFI and VES-13
screening tools'* Unfortunately, specificity and positive predictive value of the G8
are low, resulting in high numbers of unnecessary GA and low predictive value for
outcomes. Therefore, a GA is still considered the golden standard for identifying

frail patients and predicting adverse outcomes.**

In 2012 the Identification of Seniors At Risk-Hospitalized Patients (ISAR-HP) was
developed to select patients that are at risk for functional decline both during and

after hospital admission." It was validated in adults 265 years of age.'>'¢

From 2015 onward hospitals in the Netherlands are required by The Dutch Health
Care Inspectorate to screen older colorectal cancer patients for vulnerability
(patients with urgent or emergency surgery are excluded). Both the G8 and the
ISAR-HP may be used for this purpose.”
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The objective of this study was to assess the predictive value of the G8 and ISAR-
HP for adverse outcomes after colorectal cancer surgery in elderly patients aged
70 years and older with stage I-III colorectal cancer. Outcomes of interest were
postoperative complications, rates of readmissions, early death (30-days) and six-
month mortality. Analysis of the best performing screening tool would give insight
into patient’s characteristics that are associated with these adverse outcomes.

Patients and methods

Study design

We conducted a cohort study using a prospectively collected database and
electronic hospital records. Data was collected from two teaching hospitals in
the Netherlands: the Hagaziekenhuis in The Hague and the Diakonessenhuis in
Utrecht. The prospectively collected database consisted of data from the Dutch
Surgical Colorectal Audit (DSCA) that is also used for quality purposes and

collects data from all Dutch patients who had surgery for colorectal carcinoma.'®

Patient selection

We identified all patients aged >70 years, who had surgical treatment for colorectal
cancer between May 1% 2014 and August 1% 2016. Patients with non-elective
surgery, Transanal Endoscopic Microsurgery (TEM), metastatic disease (stage IV)
and patients with synchronous cancer were excluded. The primary outcomes of
interest were 30-day complication rates, readmission rates and 30-day mortality.

Secondary outcomes were the length of hospital stay and six-month mortality

Frailty assessment

In both hospitals, the ISAR-HP and G8 frailty screening questionnaires were
part of the workup for older patients with the diagnosis of colorectal cancer.
Both screening tools were performed by qualified nurses as part of the diagnostic
workup prior to surgery. The G8 questionnaire consists of eight items with a
total score ranging from zero to seventeen. It contains questions about food
intake, weight loss, mobility, self-evaluation of health status, neuropsychological
problems, body mass index (BMI), polypharmacy and age.'® Patients with a score
of >14 were regarded as ‘fit’ (G8-fit). Patients with a score of < 14 were regarded
as potentially frail’ (G8-frail). The ISAR-HP consists of four questions about the
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need for assistance in instrumental activities of daily living (iADL), travelling, use
of a walking device and about education. Scores range from 0 to 2 points with a
maximum total score of 5. Patients with a score of <2 were regarded as ‘fit’ (ISAR-
HP-fit), Appendix A. A cut-off score of 22 is defined as abnormal; these patients
were regarded as potentially frail’ (ISAR-HP-frail), Appendix B.

Data collection

Data retrieved from the DSCA database included the following patient
information: age, Body Mass Index (BMI; kg/m?), Charlson Comorbidity Index
(CCI)," American Society of Anaesthesiologist (ASA) score, tumour location,
preoperative tumour complications, tumour stage (TNM 5" edition), (neo)
adjuvant treatment (radiotherapy/chemoradiation or chemotherapy) and type of
resection (classified as open or laparoscopic resection). Moreover, surgical and
non-surgical complications are defined as complications within 30 days of surgery.
Surgical complications that needed reintervention are being registered separately
and include anastomotic leakage. Non-surgical complications are registered as 1)
cardiac, 2) pulmonary, 3) neurological, 4) thrombo-embolic, 5) infectious and 6)
‘other’ complications that occurred after surgery. A patient having 2 pulmonary and
2 infectious complications post surgery is registered as 1 pulmonary complication
and 1 infectious complication. Additionally all re-interventions, length of hospital
stay, 30-day readmissions and 30-day mortality are entered. Data entry in this

database is done by a qualified data-entry manager or nurse.

From electronic hospital records, the following data was extracted from the day
of admission prior to surgery: Katz Index of Independence in Activities of Daily
Living (Katz-6)*' with a cut-off >2 considered as activities of daily living dependent,
the use of a walking device, reported falls within the 6 months before surgery,
impaired malnutrition screening scores from the Short Nutritional Assessment
Questionnaire (SNAQ; cut-off 22)** or Malnutrition Universal Screening Tool
(MUST; cut-off 21),” self-reported cognitive impairment.

In addition a delirium was registered as complication separately when it was
recorded in the electronic hospital record as such by the treating or consulting
physician. When applicable, the cause of death was also extracted. Trough a
linkage with the Municipal Personal Records Database, the exact date of death
was retrieved and six-month mortality (182-days) was calculated from the
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date of surgery to time of death. Follow-up of all patients was at least 183 days.
The regional ethics committee and institutional review board of both hospitals
approved this study.

Statistical analysis

Patients were classified as ‘screened’ if a G8 and/or ISAR-HP screening was
performed prior to surgery. We performed descriptive analysis of patient’s
characteristics for both screened and non-screened patients and for the best
performing screening tool. Normally distributed variables are presented as a
mean with standard deviation (SD) and for non-normal distributed as a median
with the interquartile range (IQR, 25"-75" percentile). The chi-square test (x?)
was used to compare ordinal variables and the Mann-Whitney U test or unpaired
t-test for continues variables. Odds ratio (OR) was used as a measure for the
association between ISAR-HP and G8 screening tool and primary and secondary
outcomes. An OR is expressed with a 95% confidence interval. A p-value < 0.05
was considered statistically significant. All statistical analyses were performed
using SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA).

Results

A total of 268 patients aged >70 years, with colorectal cancer were identified.
After exclusion of patients with emergency surgery (n=37), Transanal Endoscopic
Microsurgery (n=4), stage IV disease (n=7) and synchronous cancer at time of
diagnosis (n=6), a total of 214 patients were included. Of the latter, 139 patients
(65%) were screened prior to surgery. From two out of these 139 patients, only an

ISAR-HP screening was available.

Seventy-nine patients (57%) had a partial or hemicolectomy, 55 (40%) a low-
anterior resection, three patients (2%) had an abdominoperineal resection and

two patients (1%) a subtotal colectomy.

Baseline characteristics all screened patients are depicted in Table 1. Median age of
screened patients was 77.7 years (IQR 75.0-82.8), 29% of patients were classified as
ASA III or IV and 35% had a CCI score >2. Analysis of the non-screened patients
of the total cohort showed no significant differences between screened and non-
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screened patients other than a slightly higher age (77.7 years versus 75.5 years
p=0.01), amore frequent a history of falls (p= 0.02) and more cognitive impairment
(p=0.02). Please see Appendix C for a more detailed comparison between screened en

non-screened patients.

Frailty assessment

Sixty-eight (50%) were classified as frail based on G8 (G8-frail), and 32 (23%)
based on ISAR-HP (ISAR-HP-frail), 48 patients (35%) who were classified as frail
on G8 were classified as non-frail on the ISAR-HP. Eleven patients (8%) who were
classified as frail on the ISAR-HP were non-frail according to the G8 screening
tool. Twenty patients (15%) were classified as frail on both the G8 and ISAR-HP.
ISAR-HP-frail patients were significantly older (79.8 versus 76.3) had more
comorbidities (50% versus 31%), were more ADL dependent (25% versus 4%),
they used more often a walking device (63% versus 4%) and reported more falls
in the six months prior to surgery (23% versus 4%). There was no significant
difference between the number of frail patients (on one or both screening tools)
receiving neoadjuvant radiotherapy or adjuvant chemotherapy compared to non-
frail patients.

Primary and secondary outcomes

Fifty-one patients (37%) had one or more postoperative complications within 30
days of surgery; twenty-four patients had one or more surgical complications; this
required an intervention in ten patients. Anastomotic leakage was reported in
seven patients (5%). Twenty-six patients (19%) had a non-surgical complication:
ten cardiopulmonary, two neurological, ten infectious and 20 ‘other’ events
were registered. Seven patients (5%) a delirium and thirteen patients (9%) were
readmitted within 30-days of surgery. Analysis of the 20 ‘other’ events showed that
nine consisted of postoperative urinary retention, six were an ileus with recovery
after conservative treatment, two were acute renal failure, one non-specific
abdominal pain, one anxiety episode requiring psychiatric medication and one a
hypocalcaemia.
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Table 1 Characteristics of all screened patients

Screened
n=139

Geriatric characteristics
Median age (IQR) 77.7 (75.0-82.8)
Female gender (%) 63 (45)
Body Mass Index kg/M2 (SD) 26.2 (4.0)
Charlson Comorbidity Index score >2 (%) 49 (35)
ADL dependent® (%) 12 9)
The use of a walking device (%) 24 (17)
Reported falls < 6 months (%) 11 (8)
Risk of malnutrition (%) 36 (26)
Self-reported cognitive impairment (%) 9 (7)
Polyfarmacy (=5 medications) (%) 35 (49)
Tumour characteristics and treatment
Tumour location (%)

Colon 114 (82)

Rectum 25 (18)
Tumour stage AJCC (%)

I 33 (24)

11 57 (41)

111 49 (35)
Surgical approach (%)

Laparoscopic 105 (76)

Open 33 (24)
ASA score (%)

11 98 (71)

II-1v 41 (29)
Primary anastomosis (%) 117 (84)
(Neo)adjuvant therapy (%)
Radiotherapy® 10 7)
Chemoradiation® 8 (6)
Chemotherapy* 21 (15)

Baseline characteristics are presented with interquartile range (IQR)
or standard deviation (SD). Frequencies with percentage (%)
*ADL, Activities of Daily Living. Dependent; Katz ADL >2

PRectal cancer patients, ‘colon cancer patients
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Table 2 shows primary and secondary outcomes for frail versus non-frail patients
depending on the ISAR-HP, the G8 and both screening tools combined. The
G8 had no predictive value for the primary outcomes. However ISAR-HP-frail
patients had a 2.4 times (95% CI 1.1-5.4) higher odds for complications with more
cardiopulmonary complication 19% versus 4% (OR 5.9, 95% CI 1.6-22.6) with
higher rates of readmissions within 30 days after discharge: 19% versus 6% in the
non-frail OR 3.4 (95% CI 1.1-11.0). Combining the two screening tools resulted in
predictive value for readmissions OR 5.4 (95% CI 1.5-18.6) and 6.7 times increased
odds for 30-day mortality (95% CI 1.3-36.0). ISAR HP had no predictive value for
anastomotic leakage, delirium or ‘other’ complications.

For the secondary outcomes, ISAR-HP-frail patients were significantly at risk
for a longer length of hospital stay (10.3 versus 8.9 days in non-frail patients, p
= 0.01) and a total of seven patients (5%) died within six months of follow-up.
Five of these (71%) died due to complications after surgery. One patient with a
history of cardiac failure developed postoperative cardiac and respiratory failure
and declined further treatment. No cause of death was retrieved for one patient.
ISAR-HP frail patients had a 4.9 (95 % CI 1.1-24.1) higher odds for dying within
six months of surgery. Patients who were frail on both ISAR-HP and G8 had a 9.5
(95% CI 1.9-47.4) higher odds for six months mortality compared to non-frail

patients. The G8 alone was not associated with any of the secondary outcomes.

Subgroup analysis

Subgroup analysis of all 214 patients (screened and non-screened) found that
patients with a CCI score >2 were at risk for 1 or more complications (surgical and
non-surgical) after surgery with an OR of 2.1 (95% CI 1.1-3.9) when corrected for
the potential confounders: age, gender, ASA score and tumour stage. We found no
association of co-morbidities or ASA score with the risk of readmission, 30-day or

six-months mortality.

Discussion

This cohort study using a prospectively collected database investigated the predictive
value of G8 and ISAR-HP questionnaires for adverse outcomes after surgery in older
colorectal cancer patients in two teaching hospitals in the Netherlands. The results

show that ISAR-HP frail patients were at increased risk for 30-day complications,
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risk for readmission after surgery and had a significantly longer length of hospital
stay and an increased risk for six-month mortality. Combining the ISAR-HP with
the G8 screening tool resulted in an even higher predictive value: patients being frail
on both screening tools had 20% more complications, 19% more readmissions and
6-times increased odds for 30-day mortality. Moreover, they had 9-times increased
odds for six-month mortality compared to non-frail patients. No association was
observed between the G8 and outcome.

The ISAR-HP screening is an easy to use 4 question tool which can be performed
by nurses. It was developed in the Netherlands to identify acutely hospitalised
patients at risk for functional decline and readmission.'>'® In addition, a recent
study showed that the ISAR-HP had moderate sensitivity (83%) and specificity
(77%) for frailty in a population of older patients with end-stage renal disease.**
This is the first study of the ISAR-HP screening tool in colorectal cancer patients,
and this study confirms its predictive value for readmission. Subgroup analysis
showed that comorbidity alone did not predict mortality, which underlines the
importance of other geriatric information.

The G8 was developed as a frailty screening tool for predicting the presence of
impairments on a comprehensive geriatric assessment and was not intended to be
a prognostic tool. Among all frailty screenings tools, G8 demonstrated the highest
sensitivity for frailty."* The lack of specificity of the G8 for frailty could explain
the lack of association between a positive screening outcome and postoperative

morbidity and mortality.

The prediction of adverse outcomes and identifying those patients at risk is
important for several reasons. First, risk stratification helps clinicians to counsel
their patients in the selection of the most appropriate treatment strategy and gives
opportunities to discuss advanced care planning when treatment is withheld.
Second, it yields opportunities for postoperative care planning, such as early-
rehabilitation and/or fast-track surgery® In our hospital’s surgical strategies
are currently not influenced by the result of the screening tools. However,
patients identified as frail in the screening systems had a full geriatric intake to
guide geriatric interventions and long term care needs and to initiate peri- and

postoperative guidance.
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This study has some limitations. First, only 61% of all elective surgical
colorectal cancer patients received a geriatric screening. Comparison of baseline
characteristics yielded no indication of selection bias, but the risk of confounding
by indication may exist. Second, unfortunately, we do not have data on functional
outcomes, which especially in an older population, are important outcomes
after cancer treatment. Third, older patients with non-elective, acute colorectal
surgery had no frailty screening and hence could not be included in the study,
while risk stratification, preoperative optimisation and advanced care planning
may be especially important for this category of patients.* Moreover, the number
of primary events was too low to perform multivariable analysis to correct for
standard confounders or assess the impact of (neo)adjuvant therapy on outcomes.
As this was a cohort analysis of available data, we did not perform an official

sample size calculation.

Despite these limitations, one may use ISAR-HP with or without G8 to gain
insight into the risk for adverse outcomes, thereby providing valuable information
for shared decision making. It can also be used to adjust treatment plans in this
heterogeneous group of patients.
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Risk stratification using ISAR-HP and G8 screening tools

Appendix A Geriatric-8 (G8) screening tool

Items

Possible responses (score)

1. Hasfood intake declined over the past 3 months
due to loss of appetite, digestive problems,
chewing, or swallowing difficulties?

2. Weight loss during the last 3 months?

3. Mobility?

4. Neuropsychological problems?

5. Body mass index (BMI)? (weight in kilograms)
/ (height in square metres)

6. Takes more than three prescription drugs per
day?

7. In comparison with other people of the same
age, how does the patient consider their health
status?

8. Age

Total score 0-17

0 = Severe decrease in food intake

1 = Moderate decrease in food intake

2 = No decrease in food intake

0 = Weight loss >3 kg

1 = Does not know

2 = Weight loss between 1 and 3 kg

3 = No weight loss

0 = Bed or chair bound

1 = Able to get out of bed/chair but does not go out

2 = Goes out

0 = Severe dementia or depression
1 = Mild dementia

2 = No psychological problems
0=BMI<19

1=BMI 19 to <21

2=BMI 21 to <23

3 =BMI =23
0= Yes
1=No

0.0 = Not as good

0.5 = Does not know

1.0 = As good

2.0 = Better

0=2>85

1=280-85

2=<80

Cut-off < 14: potentially frail

The G8 Screening questionnaire. BMI, Body mass index. Adapted from Bellera et al."”

Appendix B Identification of seniors at risk for hospitalized patients (ISAR-HP) screening tool

Items

Possible responses (score)

1. Before hospital admission, did you need assistance for IADL
(e.g. assistance in housekeeping, preparing meals, shopping,

etc.) on a regular basis?

2. Do you use a walking device (e.g. a cane, walking frame,

crutches, etc.)?

3. Do you need assistance for travelling?
4. Did you continue education after age 14?

Total score 0-5

0=No
1 ="Yes
0=No
2 = Yes
0=No
1=Yes
0=No
1="Yes

Cut-off > 2: potentially frail

The ISAR-HP Screening questionnaire. IADL, instrumental activities of Daily Life. Adapted from

Hoogerduijn et al.'®
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Appendix C Characteristics of screened and non-screened patients

Screened Non-screened
n=139 n=74 p-value
Geriatric characteristics
Median Age (IQR) 77.7 75.5 0.01
(75.0-82.8) (72.3-79.7)
Female gender (%) 63 (45) 32 (43) 0.7
Body Mass Index kg/M? (SD) 26.2 (4.0) 25.2 (4.6) 0.1
Charlson Comorbidity Index score >2 (%) 49 (35) 29 (40) 0.4
ADL dependent® (%) 12 (9) 11 (15) 0.2
The use of a walking device (%) 24 (17) 14 (19) 0.7
Reported falls < 6 months (%) 11 (8) 14 (19) 0.02
Risk of malnutrition (%) 36 (26) 20 (27) 0.9
Self-reported cognitive impairment (%) 9 (7) 12 (16) 0.02
Polyfarmacy (=5 medications) (%) 49 (35) 24 (32) 0.7
Tumour characteristics and treatment
Tumour location (%) 0.7
Colon 114 (82) 59 (80)
Rectum 25 (18) 15 (20)
Tumour stage AJCC (%) 0.1
I 33 (24) 25 (34)
11 57 (41) 33 (44)
III 49 (35) 16 (22)
Surgical approach (%) 0.2
Laparoscopic 105 (76) 50 (68)
Open 33 (24) 24 (32)
ASA score (%) 0.4
I-11 98 (71) 48 (65)
-1V 41 (29) 26 (35)
Primary anastomosis (%) 117 (84) 62 (84) 0.8
(Neo)adjuvant therapy (%) 0.1
Radiotherapy® 10 (7) 11 (15)
Chemoradiation® 8(6) 1(1)
Chemotherapy* 21 (15) 13 (18)

Baseline characteristics are presented with Interquartile range (IQR) or Standard Deviation (SD)
Frequencies with percentage (%). *ADL, Activities of Daily Living. Dependent; Katz ADL >2
brectal cancer patients, ‘colon cancer patients
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Abstract

Introduction: VMS is a Dutch risk assessment tool for hospitalised older adults
that includes a short evaluation of four geriatric domains: risk for delirium, risk
for undernutrition, risk for physical impairments, and fall risk. We investigated
whether the information derived from this tool has prognostic value for outcomes

of colorectal cancer (CRC) surgery.

Patients and methods: All consecutive patients over age 70 years who underwent
elective CRC surgery in three Dutch hospitals (2014-2016) were studied. The
presence of risk was scored prior to surgery and per geriatric domain as either
0 (risk absent) or 1 (risk present). The total number of geriatric risk factors was
summed. The primary outcome was long-term survival. Secondary outcomes
were postoperative complications, including delirium. Cox proportional hazards
models were used to evaluate the sumscore and risk factors associated with overall
survival (OS).

Results: Five hundred fifty patients were included. Median age was 76.5 years and
median follow-up was 870 days. Patients with intermediate (1-2) or high (3-4)
sumscore were independently associated with lower overall survival: intermediate
sumscore HR 1.9 (95% Confidence Interval (CI) 1.1-3.5; p=0.03) and high
sumscore HR 8.7 (95% CI 4.0-19.2; p<0.001), respectively. Sumscores were also
associated with postoperative complications (intermediate sumscore OR 1.8; 95%
CI 1.2-2.7 and high sumscore OR 2.4; 95% CI 1.02-5.5).

Conclusions: This easy-to-use geriatric sumscore has strong associations with
long term outcome and morbidity after CRC surgery. This information may be
included in risk models for morbidity and mortality and can be used in shared

decision making.
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Introduction

In Europe, colorectal cancer is the second most common cancer in women and
the third most common in men.' Colorectal cancer is an age-related disease; over
50% of all newly diagnosed patients are 70 years or older.* Older patients represent
a heterogeneous population due to differences in comorbidity, functional capacity
and presence of geriatric impairments. These impairments can lead to decreased
physiological reserves and diminished resistance to stressors and increase the risk
of adverse outcomes of treatment.* Not only do older patients have a four-fold
higher risk of adverse postoperative outcomes*, but they are also more likely to
experience a postoperative decline in physical function resulting in functional
dependency and decreased quality of life.”

Geriatric assessment (GA) can be used to detect previous unaddressed problems
in older patients. Information derived from GA can be used to discuss treatment
options and improve functional status, and possibly survival.* However prognostic
information for patients with geriatric impairments is scarce, and currently
available risk prediction tools for electively operated colorectal cancer patients
do not include geriatric parameters.”” Therefore more prognostic information is
required for the challenging process of shared decision making in older patients.

In The Netherlands for all older hospitalised patients over 70 years, standard care at
admission includes a short evaluation of four important geriatric domains: risk for
undernutrition, physical impairment, risk for delirium and fall risk, independently
of whether GA is performed. This screening tool was implemented nationwide in
2012 as part of a National Patient Safety Program (VMS) after studying adverse
events and potentially preventable deaths in Dutch hospitals and to direct geriatric
interventions. Although VMS does not replace a GA, this easy-to-use and well-
implemented geriatric tool could provide useful prognostic information, as it is

also performed for all patients prior to elective surgery.

In this study we investigated whether a cumulative risk score composed of
undernutrition, physical impairment, risk for delirium, and fall risk has prognostic
value for survival and complications independently of age and American Society
of Anesthesiologists (ASA) score in a large cohort of older electively operated

colorectal cancer patients.
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Patients and methods

Study population

All patients aged 70 years or older with surgical treatment for colorectal cancer
between 1 January 2014 and 31 December 2016 in three teaching hospitals in The
Netherlands (Hagaziekenhuis in The Hague, Diakonessenhuis in Utrecht, and the
Reinier de Graaf Gasthuis in Delft) were included in this cohort study. Patients
with acute or urgent surgery, transanal endoscopic microsurgery (TEM), stage IV
colorectal carcinoma, or a synchronous second malignancy were excluded.

The primary outcome for this study was overall survival. Secondary outcomes
were postoperative complications (surgical, cardiopulmonary, delirium, and
other complications), readmission within 30 days and (temporary) discharge to a

rehabilitation centre or nursing home.

Data collection

Preoperative patient characteristics and surgical outcome parameters were
retrieved from the prospectively collected Dutch Colorectal Audit (DCRA). We
complemented this with data from electronic medical records (EMR) for geriatric
parameters. Follow-up on survival status was available until 1 February 2018
through a linkage with the Municipal Personal Records Database.

From the DCRA we retrieved the following data: age, gender, ASA score,
comorbidity and oncological data (i.e. tumor type, tumor location, and staging),
surgical approach (open or laparoscopic), type of surgery (acute, urgent or elective),
postoperative complications, hospital stay, readmissions within 30 days, and 30-
day mortality. The Charlson comorbidity index (CCI)" was calculated for all
patients. Postoperative complications registered in this audit were subdivided into
surgical complications, cardiopulmonary complications and other complications.
Any complication refers to the number of patients with one or more complications.
When two or more surgical complications occurred, the most severe surgical
complication was registered. Surgical complications included wound infections,
bleeding, ileus and complications that needed intervention (including anastomotic
leaks). Cardiopulmonary complications consisted of pulmonary complications
(pneumonia, atelectasis, pulmonary embolism, pulmonary insufficiency or other
pulmonary complications) and cardiac complications (myocardial infarction, heart

failure, arrhythmia, angina pectoris, cardiac arrest, or other cardiac complications).
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Other complications consisted of infectious complications, thromboembolic
complications, and complications defined as “other”in the DCRA.

Presence of delirium after surgery and destination after discharge (to home or an
extended care facility) could not be retrieved from the DCRA and was also extracted
from the EMR. Delirium was defined as present when (1) the occurrence was
documented in a patient’s medical record by a geriatrician or treating physician,
(2) haloperidol was prescribed during hospital stay or (3) Delirium Observation
Screening Scale'! 23 in three consecutive moments was recorded in the medical
record.

Geriatric parameters (used in VMS)

In the participating hospitals, the risk for undernutrition (or at risk of becoming
undernourished), physical impairment, the risk of delirium and fall risk were
assessed preoperatively by nursing staff with the screening questionnaires. The
full 13-item list of the four questionnaires is presented in Appendix A.

Risk for undernutrition was assessed using either the Short Nutritional Assessment
Questionnaire (SNAQ)" or Malnutrition Universal Screening Tool (MUST)."
Increased risk for undernutrition was defined as SNAQ score >3 or MUST score
>2. Functional impairment was assessed with the six-item Katz- activities of daily
living (ADL)" consisting of questions regarding bathing, dressing, using the toilet,
eating, transferring from bed to chair and if they used incontinence materials.
An impaired score was defined as Katz- ADL score >2. Fall risk consisted of one
question and was either present or absent. Risk for delirium was assessed using
three yes or no questions scoring 1 or 0. Score >1 was considered as an increased
risk. We kept the cutoff value of 1 for the delirium score as suggested by the
national guidelines, as Heim at al. earlier showed its independent association with
increased care, worse ADL functioning, and short-term mortality in an unselected
group of older hospitalised patients."

For this study, we composed a cumulative risk score of the VMS, by summing the
total number of impairments. All individual domains were included, independent
of whether the individual domain was significantly associated with an outcome.
Low risk score was defined as a sumscore of 0, an intermediate risk as sumscore of
1 or 2 and a high risk sumscore of 3 or 4.
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In all three hospitals, geriatric information was registered in the EMR prior to
surgery for the majority of patients on the day of admission, except for malnutrition,
where screening is done shortly after the decision for surgery is made. The
information from the VMS does not alter the primary therapeutic plan but is used
to guide supportive measures after surgery. For patients with impairments in the
individual domains of falls and ADL dependency;, this is postoperative mobilisation
with physiotherapy. For patients who have undernutrition, dietary support is
advised and in case of increased risk for delirium, postoperative monitoring using

Delirium Observation Screening Scale" is advised.

Statistical analysis

We used descriptive analysis expressing normally distributed variables as mean
with standard deviation (SD) and nonnormally distributed variables as median
with interquartile range (IQR). Frequencies are presented as number and
percentage. A chi-squared test was used to compare proportions between the three
risk groups.

To assess the prognostic value of the three risk scores on overall survival (OS), a
multivariate Cox proportional hazards model was used to estimate hazard ratios
(HRs) with corresponding 95% confidence interval (CI). To assess the association
between risk factors and postoperative outcomes, multivariate logistic regression
models were used to calculate odds ratios (ORs) with corresponding 95% CI.
Age, male gender, and tumor stage were considered potential confounders and
were added to a multivariate model in addition to ASA score. All analyses were
performed using SPSS version 24.0 (SPSS, Inc., Chicago, IL), p-values < 0.05 were
considered statistically significant.

Results

A total of 707 patients aged 70 years or older were identified. After excluding
157 patients based on the predefined criteria, 550 patients were included in the
analysis of whom 293 (53%) were men.

The median age was 76.5 years (IQR 74.3-82.1 years). Median follow-up was 870

days, and 60 deaths (11%) were registered. Table 1 presents the demographic
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characteristics and geriatric parameters. Most patients had laparoscopic surgery
(n=436; 79%). Thirty-five patients (6%) had KatzADL score of 2 or higher, and
at least one fall in the past 6 months was reported by 76 patients (14%) prior to
surgery. For 27 patients (5%), the fall history was unknown. Undernutrition was
present in 127 patients (23%), and 106 patients (19%) were at risk for delirium.
A total of 303 patients (55%) had low risk sumscore, 220 patients (40%) had

intermediate risk sumscore, and 27 patients (5%) had a high risk sumscore.

Primary outcome

Twenty-five patients (5%) died within 6 months after surgery, and 31 patients (6%)
died within 1 year. Figure 1 presents the survival analysis is shown for all three risk
groups. Patients with intermediate risk sumscore (HR 1.9; 95% CI 1.1-3.5; p=0.03)
and high risk sum score, (HR 8.7; 95% CI 4.0-19.2; p<0.001) had significantly
lower overall survival. At end of follow-up, 13% (n=29) in the intermediate risk
group and 44% (n=12) in the high risk group had died compared with 6% (n=19)
in the low risk group.

When analysing the individual domains separately and corrected for age, gender,
tumour stage and ASA score, we found that impaired functionality (Katz >2), fall
risk, and risk for delirium were all associated with overall survival with HR of 4.7
(95% CI 2.5-8.8), 2.6 (95% CI 1.4-4.6) and 2.1 (95% CI 2.0-6.0), respectively. Risk
for undernutrition was not independently associated with overall survival (Table 2).
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Table 1 Patient characteristics at baseline

Total patients
n=550
Median (IQR) age (years) 76.5 (74.3-82.1)
Gender
Male 293 (53)
Female 257 (47)
ASA score
-1V 172 (31)
CCI>2 211 (38)
Tumour location
Colon 432 (79)
Rectum 118 (21)
Surgical approach
Laparoscopic 436 (79)
Tumour stage
I 167 (30)
11 214 (39)
111 169 (31)
Geriatric characteristics
Katz ADL >2 35 (6)
Fall risk 76 (14)
Risk for undernutrition 106 (19)
Risk for delirium 119 (22)
Values expressed as number (%). Median age with Interquartile
Range (IQR). ASA (American Society of Anesthesiologists)
CCI (Charlson Comorbidity Index)
Table 2 Survival analysis for the individual geriatric domains
HR p-value
(95% CI)
Katz ADL >2 4.7 (2.5-8.8) <0.001
Fall Risk .6 (1.4-4.6) 0.002
Risk for Malnutrition 1.5 (0.8-2.7) 0.2
Risk for Delirium 3.5(2.0-6.0) <0.001

Mutivariable model include: age, gender, tumour stage, and ASA score
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Figure 1 Overall survival stratified by the VMS risk sumscores

Secondary outcomes

One hundred ninety-one patients (35%) had one or more complications: 16%
had surgical complications (n=87), 9% cardiopulmonary complications (n=48)
and 6% suffered from delirium (n=34). Mean length of stay was 8.7 days (+7.0
days standard deviation, SD). Forty-eight patients (9%) were readmitted within 30
days after discharge, and 98 patients (18%) were discharged to a nursing home or
rehabilitation centre. The complication rate (any complication) -was 28.7% in the
low risk group, 40.9% in the intermediate risk score group and 51.9% in the high
risk group (Appendix B).

In the multivariate model, intermediate risk sumscore (OR 1.8;(95% CI 1.2-
2.7, p=0.003) and high risk sumscore (OR 2.4; (95% CI 1.0-5.5, p=0.04)
were both associated with complications. Intermediate risk score was also
independently associated with delirium (OR 2.9; 95% CI 1.3-6.4, p=0.009) and
discharge not to home (OR 2.7; 95% CI 1.6-4.5, p<0.001). We could not find an
independent association between the risk sumscore and surgical complications,

cardiopulmonary complications, or readmission.
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Analysis of the individual domains of the risk scores showed that Katz ADL score
>2 (OR 3.5; 95% CI 1.6-7.3) and risk for delirium (OR 1.4; 95% CI 1.0-1.9) were
independently associated with complications. Katz ADL >2 was also independently
associated with discharge not to home (OR 2.9; 95% CI 1.4-6.3) and readmission
(OR 2.9; 95% CI 1.4-6.3). Risk for delirium was independently associated with
delirium (OR 2.1;95% CI 1.4-3.1), discharge not to home (OR 1.8; 95% CI 1.3-2.6)
and readmissions (OR 1.7; 95% CI 1.2-2.5). We found no associations between

undernutrition or falls and any of the secondary outcomes.

Because undernutrition was not associated with survival or complications, we
assessed these outcomes using a risk score where we omitted undernutrition. The
results can be found in Appendix C. The HR for OS increased for score 1 (HR 2.5;
95% CI 1.4-4.6), 2 (HR 4.7; 95% CI 2.2-10.4) and 3 (HR 15.1; 95% CI 6.1-37.4).
A score of 1 was associated with any complication (OR 1.8; 95% CI 1.2-2.9), the
other scores were not. Mixed results were seen for the other outcomes.

Discussion

A risk sumscore that reflects the cumulative risk of four geriatric domains
(delirium, undernutrition, falls and physical impairment) in older colorectal
cancer patients was shown to be highly prognostic for mortality and morbidity
after colorectal cancer surgery. In this study, patients with high risk sumscore had
greatly increased hazard for mortality and complications independently of age and
ASA score. Almost half of patients with high risk sumscore died within 3 years
after surgery.

This study shows that this easy-to-use and well-implemented tool, which is aimed
to direct geriatric care interventions, can also provide insight into individual risks
of morbidity and mortality after colorectal cancer surgery in older patients and
hence provide opportunities to discuss outcomes of treatment and shared decision
making.

Two prior studies have been performed on the VMS geriatric domains. Heim et

al. included more than 800 acute or electively hospitalised patients and showed

that impairment in three or more domains was strongly associated with functional
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decline, death, and high healthcare demand up to 3 months after hospitalization.
The separate domains in that study did not satisfactorily predict the incidence
of these adverse outcomes, as found in the current study for the risk for
undernutrition.”” In addition, this adapted risk score of Heim, where patients aged
70-80 years are considered at risk when positive on three or more of the four
VMS domains, appeared not useful for this study. Only 12 out of 356 patients
(5%) under 80 years old in our study would be identified as at risk, missing
important prognostic information for the majority of patients, most likely caused

by differences between the populations of these two studies.

Similar to Heim et al. and in a similar population, Oud et al. found an incremental
risk for 6-month mortality when more domains were impaired.' The results of
the current study confirm these results for patients admitted for elective colorectal
cancer surgery and show a sustained mortality risk beyond the first year.

As stated above, we found no association between risk for undernutrition and survival
and complications even though undernutrition is an acknowledged risk factor for
complications in abdominal surgery.””"* This may be related to the tools used to
detect undernutrition. Multiple screening tools have been proposed by the European
Society for Clinical Nutrition and Metabolism (ESPEN).? However, all proposed
tools differ in sensitivity and positive predictive value for adverse outcome, and the
SNAQ and MUST screening tools show somewhat worse performance in this field
compared with the more comprehensive NRS 2002.* In addition, two categories of
patients with high risk both for undernutrition and complications and death, were
excluded from the present analysis: stage IV colorectal cancer patients and patients
with acute or emergency indications for surgery. Of note, when undernutrition was
omitted from the risk score, the HR for OS increased for survival, but the risk scores
were no longer prognostic for any complication, possibly due to a modifying effect
of undernutrition on the other domains.

For delirium, several preoperative risk factors have been reported, including advanced
age, cognitive impairment, earlier delirium, and functional dependency.? In this
study, there was no objective assessment of cognitive function. Although the three-
item delirium risk assessment has not yet been validated, it is promising that these
three questions were also associated with postoperative delirium. When interested
in cognitive function, other tools, such as an MMSE,* would be appropriate.
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Strengths of our study include its multicentre design, respectable sample size and
the completeness of data. This study also has several limitations. First, we chose
to include only patients with elective surgery. This may be a missed opportunity
to obtain additional prognostic information and improve treatment decisions for
patients in the emergency setting, who are especially at risk for complications
and mortality.*** Second, patients were selected from the surgical audit, hence a
decision to operate had been made. This introduced a possible selection bias, with
patients highly dependent on care not being included in our analysis. The inability
to report on preoperative instrumental ADL functioning (iADL) and iADL/ADL
functioning as outcome is another limitation. It can be argued that, in addition to
survival and complications, maintaining independence is a very relevant outcome
after cancer surgery for older patients.”® Furthermore, the magnitude of the
impact of preoperative impairments on adverse postoperative outcomes, might
have weakened given the intervention attached to the risk scores. Lastly, we note
that this tool could be used to discuss outcomes of treatment and shared decision
making but does not replace a GA.

The older colorectal cancer population is growing, thus it is important to identify
patients at risk of unfavourable outcomes. In addition, the colorectal cancer
screening programs that have been introduced in recent years will increase
the number of older patients with low stages of disease for whom surgical risk
and cancer risk must be carefully weighed. Colorectal cancer surgery is now
considered generally safe in older patients,” with decreasing mortality rates over
the past decades, but morbidity and mortality rates are still higher compared with
the younger population.?® As the risk assessment tools used in our study have
already been successfully introduced in many Dutch hospitals, the cumulative risk
sumscore can provide valuable information, which can be used in shared decision
making with patients regarding their prognosis and treatment.

Conclusions

A geriatric sumscore that reflects an individual’s risk for delirium, undernutrition,
falls, and physical impairment has strong predictive value for morbidity and
mortality after colorectal cancer surgery in older patients. This information can be
used in shared decision making and may be included in risk models for morbidity

and mortality in older colorectal cancer patients.
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Appendix A VMS questionnaires

Risk for delirium Fall risk
Do you have cognitive problems? 1. Did you fall at least once in
2. Did you need help with self-care in the last 6 months?
the past 24 hours?
3. Have you experienced an episode of || Yes: increased risk for further
confusion or delirium before? functional decline
Risk for undernutrition Katz-ADL 6
SNAQ 1. Do you need help with
1. Did you lose weight unintentionally? bathing?
o 26kg in the past 6 months(3) 2. Do you need help with
o 2>3kgin the last month (2) dressing?
2. Did you have a reduced appetite last || 3. Do you need help with using
month? (1) the toilet?

3. Did you take nutritional drinks or did || 4. Do you need help with eating?
you use a feeding pump last month? || 5. Do you need help with a
(1) transfer from bed to chair?

6. Do you use incontinence

2 points: medium risk : observe intake materials?

=3 points: high-risk: consult dietician

MUST
1. Calculate body mass index
o >20(0)
. 185-20(1)
o <18.5(2)
2. Weight loss score in past 3-6 months
« 5%(0)

. 5-10% (1)
. >10% (2)

3. Acute illness and likely to be no
nutritional intake for >5 days (2)

1 point: observe intake
>2 points high-risk: consult dietician
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Appendix B Complications and outcomes stratified based on the risk sumscore

Low risk Intermediate risk ~ High risk
Sumscore 0 Sumscore 1-2 Sumscore 3-4

n=27 p-value
Any complication 87 (29) 90 (41) 14 (52) 0.002

Any surgical complication 43 (14) 41 (19) 4 (15) 0.4

Need for reintervention 22 (7) 26 (12) 2 (7) 0.5
Anastomotic leakeage 7 ) 14 (6) 1 (4) 0.07
Non-surgical complication 44 (15) 49 (22) 10 (37) 0.004
Cardiopulmonary complication 20 (7) 22 (10) 6 (22) 0.02
Delirium 11 @) 20 ) 31 0.02
Discharge not to home 31 (10) 59 (27) 8 (30) <0.001

Readmission 21 (7) 23 (10) 4 (15) 0.2
30-day mortality 6 2) 3 (1) 5 (19) <0.001
6-month mortality 10 3) 8 (4) 7 (26) <0.001
1-year mortality 11 (4) 13 (6) 7 (26) <0.001

Values are expressed in numbers (%), p-value for the difference between groups.
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Abstract

Background: Low lumbar skeletal muscle mass and density have been associated
with adverse outcomes in different populations with colorectal cancer (CRC).
We aimed to determine whether skeletal muscle mass, density, and physical
performance are associated with postoperative complications and overall survival
(OS) in older CRC patients.

Patients and methods: We analysed consecutive patients (=70 years) undergoing
elective surgery for non-metastatic CRC (stage I-III). Lumbar skeletal muscle mass
and muscle density were measured using abdominal CT-images obtained prior
to surgery. Low skeletal muscle mass and low muscle density were defined using
commonly used thresholds and by gender-specific quartiles (Q). The preoperative
use of a mobility aid served as a marker for physical performance. Cox regression
proportional hazard models were used to investigate the association between the
independent variables and OS.

Results: 174 Patients were included (mean age 78.0), with median follow-up 2.6
years. 36 Patients (21%) used a mobility aid preoperatively. Low muscle density (Q1
vs Q4) and not muscle mass was associated with worse postoperative outcomes,
including severe complications (p<0.05). Use of a mobility aid was associated with
more complications, including severe complications (39% vs 17%, p=0.004) and
OS (HR 2.65, CI 1.29-5.44, p=0.01). However, patients with mobility aid use and
low skeletal muscle mass had worse OS (HR 5.68, p=0.003).

Conclusions: Low skeletal muscle density and not muscle mass was associated
with more complications after colorectal surgery in older patients. Physical
performance has the strongest association for poor surgical outcomes and should

be investigated when measuring skeletal muscle mass and density.
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Introduction

Colorectal cancer (CRC) is predominantly an illness of older patients, with more
than 50% of all new patients aged 70 years or older.! In this heterogeneous group
of older patients, there is a need for markers associated with outcome to guide
individual decision making for the treatment of CRC.

In relatively younger colorectal cancer patients (mean age 58-71) low skeletal
muscle mass and muscle density have been associated with postoperative
complications and longer hospital stay after cancer surgery”” and increased risk
of chemotoxicity.® Therefore, skeletal muscle mass or muscle density has the
potential to predict adverse outcomes and possibly guide individual patient-

centred decision making.

It remains unclear whether low skeletal muscle mass and muscle density are
associated with poor surgical outcome in older patients. Previous studies were
performed in groups with heterogeneous age and stage composition hindering
interpretation of the observed associations between skeletal muscle mass and
quality and outcomes for older patients. Furthermore, it is important to assess
physical performance when assessing skeletal muscle mass.>® This is supported by
the recently updated guidelines of the European Working Group on Sarcopenia in
Older People (EWGSOP)."

This study aimed to investigate the association between skeletal muscle mass
and density and physical performance with postoperative complications as well
as Overal Survival (OS) in older patients undergoing elective surgery for non-
metastatic CRC.

Patients and methods

Study population

All consecutive patients aged > 70 years with colorectal surgery between January
1st 2014 and December 30th 2016 from a large teaching hospital in the Netherlands
(Hagaziekenhuis) were identified from the prospectively collected Dutch
Colorectal Audit database (DCRA)." This hospital provides geriatric-oncological
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care for all patients of 70 years and over, with geriatric screening and subsequent
geriatric assessment in case of possible frailty. The Enhanced Recovery After

Surgery (ERAS) guidelines'? were part of standard care for all surgical patients.

Patients with abdominal CT imaging as part of preoperative staging prior to
colorectal surgery were eligible for inclusion. Exclusion criteria were acute surgery,
transanal endoscopic microsurgery (TEM), stage IV CRC or synchronous cancer
at the time of diagnosis.

This study was approved by the local Medical Ethical Review Board Zuidwest-

Holland, the Netherlands. A waiver for informed consent was granted.

Data collection

The DCRA provided the demographic data as well as pre- and postoperative
outcome data on all surgically treated patients. We retrieved the following
demographic data: gender, age, height and length, American Society of
Anesthesiologists physical status classification (ASA score), Charlson comorbidity
index (CCI)", Body Mass Index, tumour location and pathological tumour stage
(according to AJCC, 7™ edition). Also, preoperative information on Activities of
Daily Living (Katz ADL questionnaire)'* and any preoperative use of a mobility
aid (the use of a cane, crutches, a walking frame and wheelchair) were collected
from the electronic medical records (EMRs). Preoperative use of a mobility aid
was assessed by a single yes or no question. All parameters were all registered as
part of standard preoperative care. Complications were defined as in-and-out of
hospital morbidity within 30-days of surgery.

In the DCRA, the number of complications refers to the number of patients with
one or more complications. Surgical complications included wound infections,
ileus and complications that needed (surgical) intervention (including anastomotic
leaks). Cardiopulmonary complications consisted of pulmonary complications
(pneumonia, atelectasis, pulmonary embolism, pulmonary insufficiency or other
pulmonary complications) and cardiac complications (myocardial infarction,
heart failure, arrhythmia, angina pectoris, cardiac arrest or other cardiac
complications). Details concerning the length of hospital stay, ICU-admission,
30-day readmissions and 30-day mortality and data on adjuvant treatment were
also retrieved. Also, discharge status (to home or an extended care facility) was
retrieved from the EMRs.
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Severe complications were defined as complications leading to an ICU admission
(more than two days), the need for a (surgical) reintervention, a prolonged hospital
stay (more than 14 days), or postoperative mortality. This definition is consistent
with previous publications in which data from the DSCA were analysed."” Date
of death was retrieved through a linkage with the Municipal Personal Records
Database. Follow-up of all patients was at least one year.

Skeletal muscle mass and density assessment

Computerised tomography (CT) was used to assess skeletal muscle mass and
density (or muscle attenuation) as a proxy of muscle quality.’® Low muscle
density reflects changes in skeletal muscle composition that occur with increased
fat infiltration into skeletal muscle'” and has been associated with low physical
performance in previous well-functioning older men and women.'® Picture
Archiving and Communication System (PACS) radiological software were used to
identify and extract preoperative contrast-enhanced CT-images. CT-image analysis
software SliceOmatic version 4.3 (Tomovision, Montreal, Quebec, Canada) was
used for assessment of skeletal muscle mass and muscle density. Skeletal muscle
mass was evaluated on a single slice at the L3 level using Hounsfield Unit (HU)
thresholds of-29 to 150 for skeletal muscle.”” Muscles measured at this level were
the psoas, paraspinal, transverse abdominal, external oblique, internal oblique and
rectus abdominis muscle. The sum of skeletal cross-sectional muscle areas was
normalised for stature (m?)* and is reported as cm?/m?. Skeletal muscle density

is expressed as the mean of the HU of the skeletal muscle mass measured at L3.

All images were analysed by a trained investigator. To confirm the reliability of
measurements, 25% (n=52) of all images were randomly selected and analysed by
a trained second analyst (i.e. radiologist). Cohen’s kappa statistic was used to test
interrater reliability.

Low skeletal muscle mass and low muscle density

Low skeletal muscle mass and muscle density were defined using two different
methods. The first method was based on thresholds published by Martin et al.”!
These thresholds were developed in a mixed cohort of cancer patients (40% CRC
patients, mean age 65) accounting for gender and BMI differences. For skeletal
muscle mass thresholds were: men BMI < 25 kg/m? skeletal muscle mass< 43cm?/
m?, men BMI>25 kg/m? skeletal muscle mass < 53 cm?*/m? women independent of
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BMI skeletal muscle mass < 41 cm?/m?> For low skeletal muscle density, body mass
index (BMI) specific thresholds were used independently of gender: BMI< 25 kg/
m? HU< 41 and BMI >25 kg/m* HU < 33.

Secondly, we determined the sex-specific quartiles for skeletal muscle mass and
density in our cohort. Patients were stratified into quartiles to allow comparison
between the four groups and to compare patients with the lowest quartile of
skeletal muscle mass and density with those with the highest skeletal muscle mass
and density.

Physical performance

The preoperative use of a mobility aid was used as a marker of physical performance.
Subgroup analysis was intended for patients with low muscle mass and low muscle
density that also used a mobility aid preoperatively. Only patients with a Katz ADL

score of =2 was considered functionally dependent.

Statistical analysis

OS was calculated from the day of surgery until death (all possible causes) or last
follow-up. Continuous variables are reported mean with standard deviation (SD)
and categorical variables with numbers and percentages. The Mann-Whitney
U test or X? test were used to compare groups. OS was depicted through the
Kaplan-Meier method. To assess the association between skeletal muscle mass,
skeletal muscle density and physical performance with postoperative outcomes,
logistic regression models were used to estimate Odds Ratios (ORs) with their
corresponding 95% Confidence Interval (CI). To study the effect of these variables
on OS, univariable and multivariable Cox-proportional hazards model was used
to estimate hazard ratios (HRs) with their corresponding 95% CI.

The following confounders were considered: age, gender, BMI (for skeletal muscle
mass and density only)?' and tumour stage (for OS analysis). Comorbidity was
considered a confounder for physical performance and outcomes.” A sensitivity
analysis was performed on colon cancer patients only and this did not change our

findings. Therefore, analyses were performed on all patients.

For assessing the additional effect of physical performance in patients with a
low muscle mass and low muscle density, the interaction between muscle mass/
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muscle density and physical performance was tested, and subgroup analysis was
performed in case of a significant interaction.

A p-value < .05 was considered statistically significant. All analyses were performed
using SPSS version 24.0 (SPSS, Inc., Chicago, IL).

Results

Study population

Between 1 January 2014 and 31 December 2016 a total of 228 patients aged 70
years and older who were operated for non-metastatic colorectal cancer and 174
(76%) met our inclusion criteria. Forty-nine patients were excluded based on the
predefined criteria (acute surgery n=36, stage IV disease n=7, synchronous other
cancer n=6) and five patients were excluded because the transversal CT-images
were not suitable for secondary analyses. An interobserver correlation coefficient
of 0.94 was reached between two observers based on analysis of 52 CT-images.
Median follow-up was 954 days (2.6 years) and a total of 34 deaths were registered.

Baseline characteristics

Mean age was 78.0 years (SD 5.1), 60 patients (34%) were 80 years or older; age
was equally distributed among sexes (Table 1). In 27 patients (16%) the tumour
was detected as part of the national screening program, 143 (82%) had colon
cancer and 31 (18%) rectal cancer. Laparoscopic surgery was performed in 114
patients (66%).

Prior to surgery, 36 patients (21%) used a mobility aid preoperatively, and nine
(5%) were ADL dependent. Of the 36 patients with preoperative use of a mobility
aid, six (17%) were also ADL dependent. One hundred forty-two patients (82%)
had low skeletal muscle mass and 152 (87%) patients had low muscle density based

on previously described definitions by Martin et al.*!

The gender-specific quartiles (Qs) for skeletal muscle mass were Q1 men: < 39.84
cm?/m?, women: <32.68 cm?/m? Q2 men: 39.84-44.83 cm?/m? women: 32.68-
34.95; Q3 men: 44.83-48.86 cm?/m?, women: 34.95-37.61 cm?/m?%* Q4 men: >48.86
cm’/m? women: >37.61 cm*/m?. The gender-specific quartiles for skeletal muscle
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density were Q1 men: <23.21 HU, women: <20.08 HU; Q2 men: 23.21-30.26 HU,
women: 20.08-25.42 HU; Q3 men: 30.26-33.18 HU, women: 25.42-31.22 HU; Q4
men: >33.18 HU, women: >31.22 HU. Baseline characteristics with stratification
based on preoperative use of a mobility aid can be found in Appendix A.

Table 1 Baseline characteristics

Skeletal Muscle Mass (quartiles)

All Q1 Q2 Q3 Q4 P
patients

Total number of patients (n) 174 43 45 43 43
Mean age (SD) 780 5.1 784 (5.1) 777 (53) 79 (49) 77  (49) 02
Gender (%)
Male 89 (51) 22 (51) 23 (51) 22 (51) 22 (51) 0.9
Female 85 (49) 21 (49 22 (49) 21 (49) 21 (49
BMI kg/m?
BMI <25 79 (45) 27 (63) 23 (51) 15 (35) 14 (33) 0.02
BMI > 25 95 (55) 16 (37) 22 (49) 28 (65) 29 (67)
Comorbidity (%)
Cardiac Comorbidity 9 (5) 18 (42) 17 (38) 17 (40) 19 (44) 0.6
CCIP score >2 70  (40) 17 (40) 20 (44) 16 (37) 17 (40) 0.8
Tumour location (%)
Colon 143 (82) 40 (93) 31 (69) 40 (93) 32 (74)
Rectum 31 (18) 3 (7) 13 (29) 4 9) 11 (26) 0.01
Tumour stage (%)
I 50 (29) 7 (16) 13 (29) 12 (28) 18 (42) 0.3
Il 66 (38) 19 (44) 17 (38) 16 (37) 14 (33)
I 58 (33) 17 (40) 14 (31) 16 (37) 11 (26)
ASA score (%)
I or IV 48 (28) 17 (40) 7 (16) 12 (28) 12 (28) 0.1
(Neo)adjuvant treatment

Neoadjuvant 9 5B)y o0 6 (13) 1 2) 2 (5) 02

chemoradiation

Adjuvant chemotherapy 28 (16) 5 (12) 10 (22) 7 (16) 6 (14)

Type of surgery

Laparoscopic 114 (66) 29 (67) 28 (62) 27 (63) 30 (70) 0.8
Open 60 (34) 14 (33) 16 (36) 17 (40) 13 (30) 0.8
Functional parameters

Use of a mobility aid*

Yes 36 (21) 9 (21) 4 9 11 (26) 12 (28) 0.1
No 136 (79) 33 (79) 40 (91) 32 (74) 31 (72)

ADL Dependency (Katz >2)

Yes 9 G 3 O 1 2 2 (G 3 (7 07
No 165 (95) 40 (93) 43 (96) 42 (98) 40  (93)
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Table 1 continued

Skeletal Muscle Mass (quartiles)

All Q1 Q2 Q3 Q4 p

patients

Body composition
Mean Skeletal Muscle Mass (SD)*

For men 44.1 (8.0)
For women 359 (5.1)
Mean Muscle Density (SD)*

For men 28.9 (8.0)
For women 25.8 (8.5)

Low Skeletal Muscle Mass” 142 (82) 43  (100) 42 (93) 40 (93) 17 (40) <0.001
Low Skeletal Muscle Density’ 152 (87) 41  (95) 39 (87) 40 (93) 32 (74) 0.02

Mean with (SD) or frequency with percentage (%), Quartiles are sex-specific quartiles. Lowest (Q1) to
highest (Q4). “BMI, body mass index; *CCI, Charlson Comorbidity Index; <2 missing values; “Skeletal
Muscle Mass in cm?/m? “Muscle Density in HU; ‘Based on thresholds published by Martin et al.”!

Low skeletal muscle mass and low muscle density

In Table 2A and 2B, surgical outcomes are stratified based on the gender-specific
quartiles of skeletal muscle mass and muscle density. Patient with the lowest versus
the highest quartile of skeletal muscle density had significantly more complications
(49% versus 28%, p=0.046), including more pulmonary complications (14% versus
2%, p=0.049) and more severe complications (28% versus 7%, p=0.01). For all
postoperative outcomes, multivariable regression models were constructed with
skeletal muscle mass and density included in a p-for-trend analysis. Except for
cardiac complications, we found no statistically significant associations between
higher quartiles of skeletal muscle mass or density and postoperative complications.
There was also no significant association between skeletal muscle mass (HR 1.25,
95% CI 0.92-1.70, p=0.2) and skeletal muscle density (HR 0.74, 95% CI 0.54-1.10,
p=0.06) and OS in the univariable model. Table 3 shows the multivariable models
for OS. Including skeletal muscle mass and density as continuous variables in the
multivariable model, did not yield different results (HR 1.02, 95% CI 0.97-1.07
and HR 0.96, 95% CI 0.92-1.01, respectively).

Physical performance

Patients that used a mobility aid preoperatively, had more complications that
needed re-intervention (25% versus 7%, p= 0.003), more pulmonary complications
(17% versus 4%, p=0.005) and more severe complications (39% versus 17%,
p=0.004) including a higher 30-day mortality (17% versus 3%, p=0.002) and
1-year mortality (25% versus 6%, p=0.001). These associations were confirmed in
the multivariable analysis (Table 4).
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Table 3 Multivariable Cox-regression models for overall survival

Overall Survival

n=34

Adjusted HR (95% CI) P
Skeletal Muscle Mass, quartile 1.15 (0.82-1.61) 0.4
Age, years 1.01 (0.94-1.08) 0.8
BMI, kg/m2 1.08 (0.99-1.16) 0.09
Tumour Stage 1.15 (0.75-1.74) 0.53
Model A. Skeletal Muscle Mass. 95% Confidence Interval (CI)

Overall Survival

n=34

Adjusted HR (95% CI) p
Skeletal Muscle Density, quartile 0.81 (0.57-1.13) 0.2
Age, years 1.00 (0.93-1.07) 0.9
BMI, kg/m2 106 (0.99-1.15) 0.1
Tumour Stage 1.1 (0.72-1.68) 0.7
Model B. Skeletal Muscle Density. 95% Confidence Interval (CI)

Overall Survival

n=34

Adjusted HR (95% CI) p
Use of a mobility aid
No 1
Yes 2.65 (1.29-5.44) 0.01
Age, years 1 (0.93-1.07) 0.9
Gender
Female 1
Male 1.57 (0.78-3.19) 0.2
Tumour stage 1.08 (0.70-1.66) 0.7

Model C. Use of a mobility Aid. 95% Confidence Interval (CI)
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Mobility aid use was also associated with worse OS in the univariable analysis (HR
2.57,95% CI 1.26-5.51, p=0.01; Appendix B shows the Kaplan Meier Curve) and
multivariable analysis that included age, gender and tumour stage (HR 2.65, 95%
CI 1.29-5.44, p=0.01). When comorbidity was included in the multivariable model
for OS, the preoperative use of a mobility aid was still associated with worse OS
(HR 2.62, 95% CI 1.22-5.63, p=0.013).

Low skeletal muscle mass and physical performance

Due to the relatively small group of patients, we performed subgroup analysis for
OS based on the sex-specific median of skeletal muscle mass instead of sex-specitfic
quartiles. There was a borderline significant interaction between mobility aid use
and skeletal muscle mass (p=0.05) and no interaction between mobility aid use
and skeletal muscle density (p=0.14). Stratified analysis showed that patients with
a skeletal muscle mass below the median in combination with preoperative use
of mobility aid had worse OS (HR 5.68, 95% CI 1.79-18.02, p=0.003). In patients
with a skeletal muscle mass above the median, the use of a mobility aid was not
associated with OS (HR 1.38, 95% CI 0.55-3.43, p=0.5).

Discussion

In a cohort of older patients (> 70 years of age), undergoing surgical treatment for
CRC, the preoperative use of a mobility aid as derivative of “physical performance”
was associated with higher morbidity and mortality. Skeletal muscle mass and
density were not associated with OS, and only muscle density had weak associations
with postoperative complications when the lowest and highest quartiles were
compared. The importance of the assessment of physical performance when
assessing skeletal muscle mass and density in older patients was further shown as
patients with the lowest skeletal muscle mass in combination with preoperative
use of a mobility aid had worse OS.

Our study suggests that a single radiological measurement of muscle mass
and density has insufficient potential to be used for risk stratification in the
majority of older colorectal patients and physical performance measures such
as the use of a mobility aid, Timed Up and Go (TUG)*?* or gait speed,” would
be of more importance. Although we did not assess the association between low
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skeletal muscle mass in combination with decreased physical performance and
postoperative complications, earlier studies in CRC patients showed associations

with increased risk of sepsis and severe complications.”®

That muscle mass was unrelated to postoperative complications is in line with a
study in older Asian CRC patients (>65 years)® and a recent study in older Dutch
CRC patients.”® In addition, our study findings correlate with previous findings
that muscle density is more strongly associated with surgical outcome compared
to skeletal muscle mass.>**** Studies investigating the association between low
skeletal muscle mass and density and OS are inconsistent. Van Vught et al. also
found no association.” However, an association was reported by studies that
included younger and older patients, including those with metastatic disease**”*

or only open surgery.®

The lack of association found in our cohort between skeletal muscle mass
and outcomes compared to the studies mentioned above could have several
explanations. Our study population consisted of only older patients and patients
with elective surgery for stage I-III disease in contrast to the before-mentioned
studies. In this group, low skeletal muscle mass can be assumed to be part of
the chronological ageing process and less likely as a result of secondary causes
such as cancer. Also, this selection resulted in less variety in skeletal muscle mass
and density, limiting its discriminative power. We used sex-specific quartiles for
skeletal muscle mass and density in our cohort to overcome this problem. Another
explanation is that in studies of patients with advanced disease, skeletal muscle
mass may have declined due to the presence of metastasis. Moreover, skeletal
muscle mass measurements are only normalised for stature. As a consequence, low
skeletal muscle mass is underestimated in overweight patients and overestimated
in underweight patients. Patients with preserved adipose tissue despite decreased
muscle mass (sarcopenic obesity), may represent a separate risk group.>*>*° Hence,
with muscle density, the amount of fat infiltration is accounted for, and this may

explain the importance of skeletal muscle density over skeletal muscle mass.

In non-metastatic CRC patients, physical performance measures such as
preoperative use of a mobility aid alone, are unlikely to change a surgical treatment
plan. However, as a predictor in risk models for outcomes of CRC surgery, mobility
aid use might be useful’’*? In addition, low physical performance could serve
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as an important target for interventions such as prehabilitation for improving
outcomes.*

There are some limitations to our study. First, the incidence of severe complications
such as anastomotic leakage was low. By stratifying patients based in quartiles, the
number of events in each outcome of interest was further reduced. Second, we
did not have data on the number of patients that were considered unsuitable for
surgery, which may have induced a selection bias.

Despite these limitations, we think that our results are representative. Strengths
of this study are that a relatively large older cohort of patients was included,
with prospectively collected data with standardised quality. The low interrater
variability indicates that our skeletal muscle mass and muscle density analysis is
robust.

To increase clinical applicability of muscle mass and density measurements
for older cancer patients, larger cohort studies are needed that also include
measurement of muscle strength and physical performance, in accordance with
the updated guidelines on sarcopenia.'® Also, the use of a mobility aid as derivative
of physical performance and other frailty parameters included in a geriatric
assessment, such as cognitive functioning, are also of interest in association with

poor surgical outcome.

Conclusion
Low skeletal muscle density and not muscle mass might be associated with more
complications after colorectal surgery in older patients with non-metastatic cancer.
Physical performance has the strongest association for poor surgical outcome,
including OS and should be investigated when measuring skeletal muscle mass
and density.
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Appendix A Baseline characteristics with stratification based on preoperative use of a mobility aid

Use of mobility No use of

All patients aid mobility aid p
Total number of patients (n) 174 36 136
Mean age (SD) 78.0 5.1 80 (5.3) 77.5 (4.9) 0.01
Gender (%)
Male 89 (51) 16 (44) 72 (53) 0.36
Female 85 (49) 20 (56) 64 (47)
BMT* kg/m?
BMI < 25 79 (45) 10 (28) 68 (50) 0.02
BMI > 25 95 (55) 26 (72) 68 (50)
Comorbidity (%)
Cardiac Comorbidity 9 (5 11 (31) 19 (14) 0.02
CCIP score >2 70 (40) 21 (58) 49 (36) 0.02
Tumour location (%)
Colon 143 (82) 32 (89) 109 (80) 0.2
Rectum 31 (18) 4 (11) 27 (20)
Tumour stage (%)
I 50 (29) 11 (31) 39 (29) 0.7
11 66 (38) 15 (42) 50 (37)
111 58 (33) 10 (28) 47 (35)
ASA score (%)
Il or IV 48 (28) 15 (42) 33 (24) 0.04
(Neo)adjuvant treatment
Neoadjuvant chemoradiation 9 (5) 0 9 (7) 0.4
Adjuvant chemotherapy 28 (16) 2 (6) 35 (26) 0.06
Type of surgery
Laparoscopic 114 (66) 21 (58) 92 (68) 0.3
Open 60 (34) 15 (42) 44 (32)
Functional parameters
ADL Dependency (Katz >2)
Yes 9 (5) 6 (17) 3 () 0.001
No 165 (95) 30 (83) 133 (98)
Body composition
Mean Skeletal Muscle Mass® (SD)
For men 44.1 (8.0) 46.3 (7.9) 43.6 (8.0) 0.3
For women 35.9 (5.1) 37.2 (6.2) 35.5 (4.8) 0.2
Mean Muscle Density (SD)*
For men 28.9 (8.0) 24.9 (7.2) 29.7 (7.9) 0.03
For women 25.8 (8.5) 23.0 (10.1) 26.7 (7.8) 0.09

Mean with (SD) or frequency with percentage (%). *BMI, body mass index; "CCI, Charlson Comorbidity
Index;,*Skeletal Muscle Mass in cm?*/m? ‘Muscle Density in HU
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Appendix B Kaplan Meier Survival analysis for preoperative use of a mobility aid
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Abstract

Background: Older patients have an increased risk of morbidity and mortality
after colorectal 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: Prospectively collected database containing 1088
consecutive patients from five Dutch hospitals (2014-2017) with 171 severe
complications (16%). Potential predictors included demographics, comorbidity,
tumour location, Activities of Daily Living (ADL), history of falls, malnutrition,
risk factors for delirium, use of a mobility aid and polypharmacy. The LASSO (least
absolute shrinkage and selection operator) 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 AUC 0.69 95% CI 0.73-0.64 and optimism corrected (AUC 0.65).
Based on these predictors, the 8-item Colorectal Geriatric Model (GerCRC) was
developed.

Conclusion: The GerCRC is the first prediction model specifically developed for
older patients planned for CRC surgery. Combining tumour and patient-specific
predictors, including geriatric predictors, improve outcome prediction in the
heterogeneous older population. After external validation, this risk model has the

potential to be used for preoperative (shared) decision making.
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GerCRC risk prediction model for severe complications

Background

Older patients make up the majority of newly diagnosed patients with colorectal
cancer (CRC)' and for this heterogeneous population, risks and benefits of
treatment must be weighted at an individual level.>* 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.®®

For older patients with CRC potential predictors for these outcomes include
physical performance measures,”!" falls and cognitive impairments.'>"* However,
in currently available prediction models, there is a focus on cancer- and surgery-
related predictors. At the same time, the inclusion of perioperative predictors in

many models limits their use for preoperative decision making."*¢

We have previously shown that most available CRC prediction models have
a moderate to high risk of bias, especially in older adults.”” 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),"* Colorectal Biochemical and Hematological Outcome
Model (CR-BHOM)" and The American College of Surgeons National Surgical
Quality Improvement Program (ACS-NSQIP).!*** Predictors related to geriatric
characteristics might improve a prediction model’s performance for older CRC

patients. 22!

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

years.
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Patients and methods

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.? This study was approved by the
medical ethical review board of Southwest Holland, The Netherlands. A waiver for

informed consent was granted due to the retrospective 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 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 Hospital Records (EHRs), 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.® Eligible for inclusion were patients with elective surgery for stage
I-IIT CRC. Exclusion criteria were synchronous cancer at diagnosis, non-elective
or Transanal endoscopic microsurgery (TEMS).

The Enhanced Recovery After Surgery (ERAS) guidelines* were part of standard
care. Other standard care measures and interventions during the study period were
the detection of undernutrition and dietary support when needed, post-operative
physiotherapy in case of functional dependency (Activities of Daily Living, ADL)
and early detection of delirium in high-risk patients.

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 two 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.”
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Predictors

A systematic review of prediction models for adverse outcomes of CRC was used
to identify commonly used predictors in younger and older patients.'” Candidate
predictors that were available from the DCRA database included demographic
information (age, gender, body mass index (BMI)), tumour stage and location,
ASA (American Society of Anesthesiologists) 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 thrombo-
embolic such as Pulmonary Embolism (PE) or Deep Venous Thrombosis (DVT).
From the comorbidity data, a Charlson Comorbidity Index (CCI) was calculated.*

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), the risk of delirium and falls in the past six months. Risk
for undernutrition was assessed with either the SNAQ” or MUST? screening
tool. Functional impairment was assessed with the six-item Katz ADL* 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 previous delirium during
hospitalization, self-reported need for ADL assistance (in the past 24 hours) 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 at the day of hospital
admission or in the weeks before surgery (up to 6 weeks).

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
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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 a 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.

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 co-linearity between
Katz ADL questions and the self-reported need for ADL assistance, either the Katz
ADL or self-reported ADL assistance were used as candidate predictors.

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 minimize the prediction error. Compared to
backward selection, the addition of shrinkage may improve model performance

by avoiding overfitting and miscalibration.*

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 B coefficients from the geriatric model were rounded
for selection in the simplified clinical tool. Predictors with a B of less than 0.1 were
therefore not selected for the clinical tool to increase the robustness of the model.*
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.
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Imputation, LASSO shrinkage and bootstrap validation were analysed with R

(Version 3.5.2) using “mice’, “rms”, “glmnet” packages. All other analyses were
performed using SPSS version 23.0 (SPSS, Inc., Chicago, IL).

Results

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 was only available from January 2014 until December 2015 because
of a change in EHR 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, 24 (2%) had 2 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%) had an ASA score of III or IV.

Model development

There were 171 patients (16%) with one or more severe complications recorded;
51 patients 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 Appendix A.

Unadjusted associations between each candidate predictor and severe
complications are shown in Table 1 and Appendix B. For the demographic model
development, 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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Patients >70 years with surgical resection for stage I-IV colorectal cancer
between January 2014 and December 2017

n=1366
Non-elective surgery
n=147
n=1219
Stage IV cancer
n=81
n=1138
synchronous cancer
n=50
n=1088

Figure 1 Patient selection
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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
Demografics
Age. Years - 7767 (52) 785 (52) 7751 (5.1) 1.038 (1.01-1.07)  0.017
(mean. SD)
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) 142 (0.90-225)  0.13
85+ . 111 (10) 22 (20) 89 (80) 177 (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 - 26.48 114 26.8 (4.4) 26.4 (12.3) 1 (0.99-1.01) 0.71
(mean. SD)
BMI
Categories
<25 kg/m?* - 464 (43) 62 (13) 402 (87) reference
25-30 kg/m? - 467 (43) 81 (17) 386 (83) 136 (0.95-1.95)  0.09
>30 kg/m? - 157 (14) 28 (18) 129 (82) 141 (0.86-229)  0.17
Comorbidity
History of - 460 (42) 75 (16) 385 (84) 1.08 (0.78-1.50) 0.65
Abdominal
Surgery

Cardic - 401 (37) 74 (18) 327 (82) 1.38 (0.99-1.92) 0.06
Comorbidity

COPD/ - 110 (10) 30 (27) 80 (73) 2.27 (1.41-3.51) 0.001
Asthma/
Emphysema
Previous PE or - 52 (5) 15 (29) 37 (71) 2.56 (1.25-4.44) 0.008
DVT
Charlon 1 (0-2) 1 (0-8) 1 (0-7) 127 (1.03-1.56)  0.022
Comorbidity
Index
(median.
range)
Comorbidity . 392 (36) 76 (19) 318 (81) 149 (1.07-2.07)  0.02
CCI=2
ASA Score 2.3 (0.6) 24 (0.7) 2.2 (0.6) 1.61 (1.24-2.07) <0.001
(mean. SD)
I-1I - 734 (67) 97 (13) 637 (87) reference
LIV . 354 (33) 74 (21) 280 (79) 174 (1.24-2.42)  0.001
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Tumour
Location

Colon
Rectum
Tumour stage
1

11

II1

Surgical
Approach
Laparoscopic
Open
Geriatic

Katz ADL
(mean. SD)
score >2
Reported Falls
Risk for
Malnutrition
Risk for
Delirium
(mean. SD)
Delirium
Score >1
Medication
Use (mean.
SD)
Polypharmacy
(No. =5)
Preoperative

Use of a
Mobility Aid

15

76
12

18

18

21

818
270

336
411
341

877
211

0.3

65
129
215

0.3

210

490

191

(75)
(25)

(31)
(38)
(31)

(81)
(19)

(0.8)
(6)
(12)

(20)

(0.6)

(19)

(0-
17)

(45)

(18)

120
51

54
63
54

119
52

0.5

22
24
37

0.5

56

103

51

(15)
(19)

(0-
17)

@1

(27)

698
219

282
348
287

758
159

0.2

43
105
156

0.2

154

387

116

(85)
(81)

0.7)

(0-
16)

(79)

(61)

0.95
0.98

2.08

2.97
1.19
1.35

1.69

2.38

1.1

2.18

2.39

reference
(0.94-1.94)

reference
(0.64-1.04)
(0.65-1.48)

reference
(1.44-3.01)

(1.18-1.61)

(1.73-5.11)
(0.74-1.92)
(0.90-2.02)

(1.34-2.12)

(1.65-3.42)

(1.05-1.56)

(1.55-3.07)

(1.64-3.47)

0.099

0.78
0.93

<0.001

<0.001

<0.001
0.47
0.1

<0.001

<0.001

<0.001

<0.001

<0.001

Mean with Standard Deviation (SD). median with (range) and frequencies with percentage (%).
Odds Ratio's with 95% Confidence Interval (CI). * PE, pulmonary Embolism; DVT, Deep Venous

Thrombosis

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 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.

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).
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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 3A). The number of patients with a score of 0 or 1 was 171 (16%) and 46
(4%), respectively. The maximum score obtained by patients in our study was 11
(n=3), of whom two (67%) had a severe complication.

After grouping patients with a score of 0-1 and 7 or higher, Table 3B shows
the corresponding predicted proportion of complications with corresponding
sensitivity and 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 2 Model development and multivariable regression coefficients after shrinkage

Demographic Model Geriatric Model
Predictors Beta® Beta®
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/ASTMA/Emfysema 0.27 0.34
Previous PE or DVT® 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
Mode performance (AUC)
Model after bootstrapping 0.648 0.687
Optimism corrected model 0.623 0.650

*Regression coefficient after shrinkage using LASSO method
- candidate predictor was not selected after shrinkage

* candidate predictor was not used in model development
°PE, Pulmonary Embolism; DVT, Deep Venous Thrombosis
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Table 3A Score chart geriatric colorectal (GerCRC) model

Characteristic Scores
Male gender 2
COPD/Asthma/Emphysema 2
Previous PE or DVT* 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 3B).

* PE. pulmonary Embolism; DVT. Deep Venous Thrombosis

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

Score from table 3A events/No. Cases  Predicted  Sensitivity* Specificity +LR" -LR®
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

*Sensitivity and Specificity based on the development cohort
°LR. Likelihood ratio. + positive . - negative

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
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and tumour related predictors improved the model’s prognostic accuracy for older
patients. With a 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 predictors to develop the GerCRC clinical prediction model. Gender, rectal
cancer and severe comorbidity are well-known predictors for poor outcomes of
colorectal surgery, also in older patients.” We recently showed strong associations
between ADL and postoperative complications® in line with other studies
in older CRC and non-CRC patients.’’** A recent geriatric pilot of the ACS-
NSQIP among orthopedic and vascular surgery patients, also identified physical
functioning, the use of a mobility aid preoperatively, and cognitive functioning as
important predictors for 20 of the 25 outcomes measured.?’ For polypharmacy and

postoperative outcomes, results have been conflicting.**

In contrast to other prediction models for mortality, anastomotic leakage or
surgical site infections,»'"'>*>% in our study age and ASA score had no additional
predictive value. This is in accordance with a study among older patients with
CRC referred for GA.** 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 planned 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 non-surgically 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 predictors such as the surgical technique (laparoscopic
surgery or not) or perioperative complications, were not included. Also, high-
risk patients such as a patient with metastatic disease or acute surgery were not
included* When these predictors and patients were added, the GerCRC model
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performance improved (data not shown). When our GerCRC model will be
externally validated, more focus will be on the calibration of the different risk

groups to judge the performance and clinical usefulness of this model.”

A head-to-head comparison with the POSSUM,* CR-BHOM" and ACS-NSQIP
original and recently published universal model'®” is with caution because
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, accounting 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
performed 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 UK patients (with surgery
between 2008-2013) confirmed its poor discriminatory performance for severe
complications (AUC 0.51).® 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.* The original ACS-NSQIP surgical
risk model was not specifically developed for colorectal cancer surgery and also
the accuracy of the universal ACS-NSQIP model for severe complications or its
performance for outcomes in older CRC patients has not been published. The
accuracy of the universal ACS-SNQIP model for severe complications in 200 older
gynecologic oncology patients undergoing laparatomie (2009-2013), was only
0.62also with poor calibration.*® To account for possible heterogeneity between
cohorts™ external validation of the proposed prediction models is required;
also changes in the healthcare setting and geographic differences are reasons for
periodic updating and recalibration.”" This applies to the ACS-NSQIP model that
had not been validated outside the USA, as well as for the GerCRC model. More
detailed comparison of the preoperative GerCRC, CR-BHOM and ACS-NSQIP

models are shown in Appendix C.
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Strengths of our study are the reasonable sample size of high-quality prospectively
collected data, the inclusion of geriatric predictors, and statistical techniques
to take into account possible optimism. Limitations of our study are our model
development with a relatively low number of index events. Only 16% of the patients
experienced a severe complication. With 19 candidate predictors, the 10:1 ratio
was exceeded, that is advocated to decrease the risk of selecting noise predictors.*
However, no previous unknown predictors were selected. We further note that
self-reported physical function can be overestimated in some older patients.*

Providing accurate prognostic information to older CRC patients concerning
possible risk and benefits of their surgical treatment is important because of several
reasons. Prediction tools enable discussing risks of adverse treatment outcomes
with potential negative effect on quality of life and physical functioning,** and
improves the likelihood that treatment decisions are consistent with their needs,
values and preferences. Furthermore, they can direct alternative treatment options
when available and last, when high risk populations can be identified, interventions
aimed to improve surgical outcomes may become feasible. The GerCRC model has
therefore good potential to be used for preoperative decision making, providing

better and more accurate estimates of the risk of surgery.

Possible future research could focus on whether predictors such as physical
functioning and pulmonary comorbidity such as COPD/ Asthma/Emphysema
are amendable for preoperative interventions such as prehabilitation,* pulmonary
optimisation,* and geriatric co-management* to improve outcomes.

Conclusions

The GerCRC is the first prediction model specifically developed for older patients
planned for CRC surgery. Combining tumour and geriatric predictors in the
GerCRC 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 Specification of one or more severe complications

Total (%) Re- ICU> LOS>14 30-day
intervention 2days days  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

Appendix B Geriatric predictors of severe complications

Patients Severe complications

(n=1088) (n=171)
Predictor Missings (%) 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 () 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 ) 10 (40) 15 (60) 3.7 (1.63-8.38) 0.002
Delirium 0
Previous 41 4) 57 (5) 18 (32) 39 (68) 2.63 (1.46-4.71) 0.001
delirium
Self-reported 18 (2) 145 (13) 36 (25) 109 (75) 1.95 (1.28-2.96) 0.002
cognitive
impairment
Need 29 (3) 80 (7) 24 (30) 56 (70) 2.47 (1.48-4.10) 0.001
for ADL
assistance

Mean with Standard Deviation (SD) and frequencies with percentage (%)
Odds ratio (OR)s with 95% Confidence Interval (CI)
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Appendix C Comparison of three preoperative risk prediction models

Model Name GerCRC ACS-NSQIP Universal Model CR-BHOM
Year 2019 2013 ¥ 2011 *
Population CRC surgery CR surgery CRC surgery
(Mean age 77) (Mean age 61) (Mean age 74)
Definition Severe Any complication Deep wound infection, Anastomic leakage,
Complications leading to death, ICU wound disruption, CVA, MI, abscess, bleeding or
admission > 2 days, Cardic Arrest, PE, Ventilator bowel obstruction
reintervention, oran ~ Dependence, AKI, major bleeding, (not including
hospital stay > 14 days sepsis mortality)
No Predictors 8 15 5
Preditors Gender, COPD/Asthma/ Age, Tumour Stage, COPD, Age, Urea, Sodium,
Emphysema, Previous Dyspnoea, BMI, Functional Albumin, Operative
PE or DVT, Rectal Dependency, Creatinine, albumin, Urgency
Cancer, Mobility Aid, PT time, sepsis, Operative
previous delirium, Need ~ Urgency, Disseminated Cancer,
for ADL assistance, Indication for surgery, Surgical
polypharmacy Extent, Wound class
Development 0.69 (0.65%) 0.72 0.70
AUC
External AUC none none 0.66*
External none none
calibration Poor-fit*

*Optimism corrected model

*observational study across 182 octogenarians with malignant-and non-malignant indications for Colorectal
Surgery

Complications defined as Clavian-Dindo Classification 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
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Abstract

Background: We implemented a multidisciplinary pre- and rehabilitation
program for elderly patients (=75 years of age) in a single centre consisting of
prehabilitation, laparoscopic surgery and early rehabilitation with the intention to
lower 1-year overall mortality.

Patients and methods: In this study, we compared all patients that underwent
elective surgery for stage I-III colorectal cancer before and during development
and after implementation of the program (2010-2011, 2012-2013 and 2014-2015).
The primary endpoint was 1-year overall mortality, the secondary endpoint was
30-day postoperative outcome.

Results: Eighty-six consecutive patients were included in the study cohort and
compared to 63 patients from 2010-2011 and 75 patients from 2012-2013. Patient
characteristics were comparable; median age in the study cohort was 80.6. Seventy-
three patients (85%) participated in the program, 54 (63%) of whom followed a
prehabilitation program, 46 (53%) of whom were discharged to a rehabilitation
center. Laparoscopic surgery increased over the years, from 70% to 83% in the
study cohort. There was a trend in lower 1-year overall mortality: 11% versus
3% (p=0.08). There was a significant reduction in cardiac complications and the

number of patients with a prolonged length of stay (p<0.01).

Conclusions: Multidisciplinary care for elderly colorectal cancer patients that
includes prehabilitation and rehabilitation is feasible and may contribute to lower
complications and reduced length of stay. This study did not show a clear benefit
of implementing a comprehensive care program, including both prehabilitation
and rehabilitation. Dedicated multidisciplinary care seems the key attributor to

favourable outcomes of CRC surgery in elderly patients.
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Abbreviations

CCI Charlson Comorbidity Index

(I)ADL  (Instrumental) Activities of Daily Living
CRC Colorectal Cancer

SIOG  International Society of Geriatric Oncology
DCRA Dutch ColoRectal Audit
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Introduction

Colorectal cancer is an age-related disease, disproportionally affecting older
patients with an expected increase of 52% in the next two decades."” While
survival for all cancer types increases, improvement of cancer outcome has
been relatively limited in older patients.” Comorbidity, social and cognitive
functioning, nutritional status and physical performance level contribute to daily
functioning and patient’s resilience to withstand or adapt to stressors. As surgery
is a major stressor, this also explains why elderly have a fourfold increase in major
postoperative complications. Comorbidity, functional dependency and older
age are associated with early postoperative mortality.” Surgery also seems to have
a prolonged impact on elderly patients, as early postoperative mortality highly
underestimates 1-year mortality in these patients.®” Besides this prolonged risk of
mortality, elderly patients experience a decline in self-care capacity up to 60% in
the first year after surgery.® Preventing functional decline and optimizing patient’s
preoperative condition are possible strategies to increase treatment outcomes and
increase patients’ chance of retaining independence. Earlier studies focused on
improving physical performance using exercise training were only moderately
successful and did not improve self-reported performance but dealt with low
adherence.’

Conceptually there are three ways to limit the impact of colorectal cancer (CRC)
surgery in elderly patients. First, through prehabilitation, by optimising functional
capacity prior to surgery using exercise training, nutritional support and optimising
comorbidity resulting in increased resilience.'®"! Second, by limiting the impact of
surgery through minimally invasive and enhanced recovery strategies reducing
perioperative stress response, tissue injury and metabolic response'>** potentially
resulting in fewer complications and less postoperative pain. Third, by means of
early discharge to a rehabilitation centre, thereby countering the negative effects
of hospital stay i.e. low daily activity and reducing the risk for hospital-acquired
infections. With rehabilitation, we try to restore preoperative levels of functioning,
thereby limiting the susceptibility to other illnesses and to restore a patients
quality of life.

With this concept in mind, a multimodality care program for elderly colorectal
cancer patients was initiated in a teaching hospital in the western part of the
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Netherlands that dealt with all three aspects. Starting in 2012, a multidisciplinary
Delphi round with multiple iterations was used to develop this multimodality
approach which consisted of dedicated care, geriatric counselling, nutritional
support, exercise training, laparoscopic surgery and early discharge to a
rehabilitation facility when patients were not able to return home before day 6
after surgery (Appendix A).

In January 2014, this comprehensive multidisciplinary care program for colorectal
cancer patients of 75 and older was implemented as standard practice. We
hypothesised that this program could reduce mortality rates by half and also

reduce complication rates.

In Europe and the Netherlands in particular, several prehabilitation and
rehabilitation programs are currently initiated. However, there is a paucity
of research in this field. To this day, we mostly rely on expert opinion on what
elements to include in a pre- and rehabilitation program for elderly patients. This
stresses the need for more clinical evidence.

This study aims to assess the usefulness of our multimodality care program for
elderly CRC patients operated with curative intent. For comparison, we used two
historic control cohorts of consecutive older patients operated in the same centre in
the previous 4 years, before (2010-2011) and during (2012-2013) the development
of the program. The primary endpoint of this study was 1-year overall mortality.
Secondary endpoints were postoperative complication rates, readmission rates
and 30-day mortality.

Patients and methods

Study population

All consecutive older patients aged 75 years who underwent surgical resection
for CRC between 1 January 2010 and 31 December 2015 were included in our
analysis. Patients from the first two years after the start of our comprehensive
multidisciplinary care program (2014-2015) were compared to all consecutive
older patients from before (2010-2011) and during (2012-2013) the development
of our program. We choose historical cohorts from the same centre to minimalise
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demographicas well asinstitutional variation. To minimise the risk for confounding
by indication, we excluded patients with stage IV disease, synchronous cancer at
the time of diagnosis, or non-elective surgery from all three cohorts from our

analysis.

Comprehensive multidisciplinary care program

From January 1% 2014 onwards, patients aged 75 years and older, referred for
elective colorectal surgery to the department of colorectal surgery at Reinier de
Graaf Hospital, were informed about our multidisciplinary care program.

Our team consisted of dedicated health-care professionals focused on improving
care for elderly patients. All surgeons were experienced colorectal surgeons with
more than 200 laparoscopic colorectal resections performed per surgeon before
the start of this program.

A more detailed overview of our program is shown in Appendix A. In short, a
preoperative assessment of patients was done by the treating surgeon and dedicated
nurses, which also included geriatric screening'*'® and a subsequent geriatric
assessment when indicated. Patinets with cardiac or pulmonary comorbidity
were referred for cardiopulmonary optimisation prior to surgery. All patients
were referred to a dietician for a full nutritional assessment,'® with subsequent
nutrition support with a targeted intake of protein of 1.2-1.5grams/kg/day.'"”'* A
Short Nutritional Assessment Questionnaire (SNAQ) questionnaire (cut-off >2)"

was performed for all patients.

As part of standard care, a surgical oncology nurse practitioner was assigned as
case manager that ensured meeting patients individual needs. This also included
cognitive and emotional guidance, both pre- and post-operatively, with referral
to more specialised care when needed.*® Radiological workup was according
to the Dutch national guidelines on CRC?' and all patients were discussed in a
multidisciplinary oncology team (MDT).

Timing of surgery was at least 6 weeks after diagnosis to allow preoperative
physical training. The training program consisted of resistance training as well
as endurance training and two sessions a week were intended for 4-6 weeks. All
training sessions were supervised by a local physiotherapist, and each session was
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30-45 minutes. Also, instructions for home-exercises and breathing exercises were

given.

Patients extremely fit, or patients with obstructing tumour were not deemed
eligible for preoperative physical training, but could however participate in the
postoperative program of rehabilitation.

The Enhanced Recovery After Surgery (ERAS) guidelines* were implemented in
2008 as part of standard care for all surgical patients. At the day of admission
prior to surgery, a standardised preoperative geriatric interview was performed by
nurses. Laparoscopic surgery was the technique of choice unless previous surgical
history or patient’s condition prevented its safe application.

At day 6, the postoperative discharge was planned to a rehabilitation facility for
as long as necessary to become self-supporting at home. When patients were
self-supporting before day 6, they went home. Rehabilitation care included a
local program of physical training, dietary support and cognitive and emotional
guidance. Short-postoperative follow-up after discharge was individualised when
patients were in a rehabilitation centre. Our program was initiated as standard of

care. However, patients could decide not to participate.

For this study, patients were considered to participate in our comprehensive
multidisciplinary care program when preoperative prehabilitation and or

rehabilitation was initiated.

Data collection

Patient demographic data, as well as outcome data, were retrieved from the Dutch
ColoRectal Audit (DCRA) and Electronic Hospital Records (EMR). The DCRA
contains pre-, peri- and postoperative surgical outcome data on all operated CRC
patients in the Netherlands as part of a national quality improvement project. All
patients are prospectively enrolled in this database and data entry is done by a
qualified data-entry manager or nurse. Detailed information on this initiative was

published elsewhere.

Demographic information included ASA score, comorbidity from which a
Charlson Comorbidity Index (CCI) score* was calculated and tumour stage
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(according to AJCC 5th edition). Postoperative information also included data on
length of hospital stay, readmission (within 30 days) and adjuvant chemotherapy.

Postoperative complications (any complication) were subdivided into any
surgical complication (e.g., wound infection, bleeding, abscess, anastomotic
leakage, ileus and readmission) and non-surgical complications (including
cardiac complications). Postoperative mortality was defined as death within 30
days of resection. Severe complications were defined as complications leading to
ICU admission (longer than 2 days), to a reintervention, to a prolonged hospital
stay of more than 14 days, or to postoperative mortality. This is consistent with
previous publications in which data from the DSCA were analyzed.” Both severe
complications, as well as a hospital stay of more than 14 days, were used as a proxy
of the severity of a complication or the inappropriate use of a hospital bed when
no complication was registered.”*?” One-year mortality was calculated using data

from the Municipal Personal Records Database.

From medical records, the cause of death and the standardised geriatric interview
data were collected. The standardised geriatric interview data was only available
from 2014 onward. The interview questions concerned the abilities to perform
basic daily activities (ADL) from which a Katz ADL 6 core (cut-off >2) was
constructed.?® Other data included the use of a walking device, reported falls in
the past 6 months and the self-report of cognitive impairment. Patients using 5 or

more medications on a daily bases were identified as having polypharmacy.

Statistical analysis

We performed descriptive analysis, expressing normally distributed variables
as mean with standard deviation (SD) or nonnormal distributed variables as
median with interquartile range (IQR). Frequencies are presented with numbers
and percentage. Baseline variables of the three groups were compared using the
one-way analysis of variance (ANOVA) or the chi-squared test (X?). Outcomes
of the 2014-2015 cohort were analysed using a logistic regression analysis with
2010-2011 or 2012-2013 as reference group or Fisher-exact test when logistic
regression was not deemed suitable because of less than five events in one group.
Odds ratios (ORs) are given with a 95% Confidence Interval (CI). A p-value < .05
was considered statistically significant. All analyses were performed using SPSS
version 24.0 (SPSS, Inc., Chicago, IL).
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Results

Eighty-six patients were treated in 2014-2015 after implementation of the
comprehensive multidisciplinary care program and were defined as our study
cohort. The two control cohorts consisted of 63 patients in 2010-2011 and 75
patients in 2012-2014.

Baseline characteristics of patients in the three cohorts did not differ and are
presented in Table 1. There was no significant difference in the distribution of
patients with ASA score IIT or IV or patients with CCI score >2 (p=0.2) nor
with congestive heart failure prior to surgery. The majority of patients had a
tumour located in the colon. There was no difference in tumour stage (p=0.2).
Preoperative geriatric evaluation was performed in 95% of patients in the study
cohort, 34 patients (40%) had geriatric consultation. Nine patients (10%) were
functional dependent with a KATZ score >2, seventeen patients (20%) reported
falls within the past 6 months before surgery, 32 patients (37%) used a walking
device, 18 patients (21%) reported cognitive impairment, 23 patients (27%) were
at risk for malnutrition and in 40 patients (47%) polypharmacy was detected. Six
patients (10%) in 2010-2011, seven patients (9%) in 2012-2013 and eleven patients
(13%) in the study cohort received adjuvant chemotherapy (p=0.5).

Comprehensive multidisciplinary care program

Seventy-three out of the 86 patients (85%) followed the whole multimodality
program or only the preoperative prehabilitation or postoperative rehabilitation
part. Reasons for patients not to participate were: the patient was not interested
(n=4), the patient was estimated fit (n=3), the patient was not informed (n=2).
Four patients were not deemed eligible for the prehabilitation program because of

an obstructing tumour (n=3) and M. Alzheimer (n=1).

Fifty-four patients (63%) patients followed the complete prehabilitation program,
including prehabilitation at home or in an out-patient facility. One patient (1%)
initially participated in the prehabilitation program but during the first three
weeks developed bowel obstruction with subsequent non-elective surgery. A
laparoscopic approach was used in 71 patients (83%). There was no difference
in preoperative complications or surgical approach between the study and the
control cohorts (Table 2).
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During the first two years of the program, 49 patients (57%) were discharged to
a rehabilitation centre (46 of whom participated in the program); nine patients
(10%) continued physical therapy at home after discharge, and 26 patients (30%)
had a fast recovery and were discharged to their home without additional support.

Table 1 Baseline characteristics for all cohorts

2010-2011 2012-2013 2014-2015
n=63 n=75 n=86 p-value
Median age (IQR) 81.4 (7.3) 79.7 (5.0) 80.6 (6.2) 0.5
Gender (%) 0.9
Male 33 (52) 38 (51) 4 (49)
Female 30 (48) 37 (49) 44 (51)
BMI kg/M2 (SD) 253 (52) 268  (46) 260  (3.8) 0.2
ASA score (%) 0.9
I 3 (5) 3 (4) 4 (5)
11 35 (56) 42 (56) 48 (56)
111 24 (38) 29 (39) 33 (38)
v 1 2) 1 (1) 1 (1)
Any comorbidity (%) 0.2
CCI score 0 16 (25) 12 (16) 27 (31)
CClI score 1 23 (37) 25 (33) 26 (30)
CCI score =2 24 (38) 38 (51) 33 (38)
Number of patients with CHD 3 (5) 3 (4) 5 (6) 0.9
Tumour location (%) 0.5
Colon 47 (75) 56 (75) 60 (70)
Rectum 16 (25) 19 (25) 26 (30)
Tumour stage AJCC (%) 0.2
I 17 (27) 21 (28) 32 (37)
11 25 (40) 21 (28) 29 (34)
11 21 (33) 33 (44) 25 (29)
Katz ADL >2 - - 9 (10)
Reported falls < 6 months - - 17 (20)
Use of a walking device - - 32 (37)
Self reported cognitive impairment - - 18 (21)
SNAQ=>2 - - 23 (27)
Polypharmacy (=5 medications) - - 40 (47)

2010-2011 and 2012-2013, control cohort; 2014-2015, study cohort, IQR, interquartile range; %, percentage;
SD, standard deviation; CCI, Charlson Comorbidity Index CHD: congestive heart disease
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Table 2 Preoperative interventions, preoperative complications and surgical approach

2010-2011  2012-2013  2014-2015

n=63 n=75 n=86 p-value
Prehabilitation (%)
None - - 32 (37)°
Local - - 25 (29)
Out-patiént in a Rehabilitation center - - 24 (28)
In-patiént in a Rehabilitation center - - 5 (6)
Geriatric Consultation (%) - - 34 (40)
Dietitian Consultation (%) - - 74 (86)
Preoperative Treatment (%) - - 0.9
Radiotherapy 8 (13) 12 (16) 13 (15)
Chemoradiation 4 (6) 2 (3) 2 (2)
Diverting Stomy 1 (2) 0 1 (1)
Peroperative Ileus (%) 1 2) 1 (1) 4 (5)
Surgical Approach (%) 0.8
Laparoscopic 44 (70) 63 (84) 71  (83)
Open 19 (30) 12 (16) 15 (17)
Primary Anastomosis (%) 49  (78) 55 (73) 62 (72) 0.8

2010-2011 and 2012-2013, control cohort; 2014-2015, study cohort, IQR, interquartile range; %, percentage;
SD, standard deviation. *Including 13 patients that did not participate in the program

Primary and secondary outcomes

In Figure 1, primary and secondary outcomes for the three cohorts are shown.
One year mortality was in 11% (n=7) in 2010-2011, 5 % (n=4) in 2012-2013 and
3% (n=3) in 2014-2015. Compared to 2010-2011, this improvement did not reach
statistical significance (OR 0.3 95% CI 0.1-1.2, p=0.08). In the study cohort, two
patients died within 30 days of surgery due to surgical complications. Notably, one
of the early postoperative deaths was considered a medical calamity due to stapler
failure and was reported to the Dutch Inspection for Health. The full overview of
causes of death in both the study cohort as well as the control cohorts can be found
in Appendix B.

Concerning secondary outcomes, the number of patients with any complications
after surgery decreased from 38 % (n=24) in 2010-2011 to 29% (n=22) in 2012-
2013 and 30% (n=26) in 2014-2015. The number of surgical complications did not
differ between the three cohorts, although a slight increase was seen in 2012-2013
(13% to 17%). There was a significant decrease of 8% in cardiac complications,
from 8% in 2010-2011 (n=>5) to none in 2014-2015 (Fisher-exact test, p=0.01) and
no difference in pulmonary complications (p=0.3). The number of patients with
a severe complication decreases from 32% (n=20) in 2010-2011 to 17% (n=13) in
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2012-2013 and 16% (n=14) in 2014-2015 (2010-2011 vs 2014-2015; OR 0.4 (95%
CI 0.2-0.9, p=0.03). The number of patients with a prolonged length of hospital
stay i.e. more than 14 days decreased from 27% (n=17) in 2010-2011 to 13% (n=10)
in 2012-2013 and 6% (n=>5) in 2014-2015 (OR 0.1, 95% CI 0.01-0.97, p=0.047 and
OR 0.2, 95% CI 0.1-0.5, p=0.001), with readmission rates of 3% (n=2), 8 % (n=6)
and 8% (n=7) respectively. Thirty-day mortality was 3% (n=2), 1% (n=1) and 2%
(n=2). Multivariate logistic analysis was not deemed suitable because of the low
number of events in each cohort.

Figure 1 Outcomes for the control cohorts (2010-2011 and 2012-2013) and the study cohort (2014-2015)
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Discussion

A comprehensive multidisciplinary care program was implemented in a single
teaching hospital as a quality program aimed to improve the outcome of surgery
for all elderly colorectal cancer patients. In this study, we assessed the merits of
this program by comparing a cohort of patients operated after the introduction
of the program with two historical cohorts. Contrary to what we expected, we
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could not demonstrate a clear improvement in 1-year mortality after the start of
the program. What we noticed, however, was that improvements in outcomes
already started during the development of our program. This could imply that
dedicated multidisciplinary care was the main driver of the improved outcomes
for our elderly CRC patients and that the actual program did not add to that
significantly. However, a further decrease in cardiac complications and a lower
number of patients with a prolonged length of stay was seen after implementation

of the complete program, which could be regarded a merit of the program.

To our knowledge, this is the first study to assess the usefulness of a comprehensive
multidisciplinary care program for older colorectal cancer patients that included
both prehabilitation and rehabilitation. There are however multiple studies that
investigated these components separately, most of them in a much younger
population. These studies found that prehabilitation positively influenced
functional capacity,'***! only one study showing a benefit on morbidity* as was
also shown in a meta-analysis.”» Other studies of rehabilitation and fast-track
surgery in elderly patients demonstrated a shortened length of stay without
increasing readmission rates.”> Further comparison with other studies is difficult
as the inclusion of older, more high-risk patients in these studies was low or even
absent.” However, one publication showed a promising effect of a prehabilitation
program for older ASA III-IV patients and elective abdominal surgery with a
reduction of complications of 20%.> Despite 51% of patients having significant
comorbidity in our study, our mortality rates from 2012 onwards could be

considered low.%*

Our study did not show the clear benefit we had expected from a comprehensive
multidisciplinary care program. Several possible explanations can be put forward,
which are interconnected to its strengths and limitations. Already in 2012,
we started our multidisciplinary Delphi rounds to develop a comprehensive
multidisciplinary care program for elderly CRC patients in our hospital. The
increased focus on elderly CRC patients is likely to have improved treatment
outcomes in a way similar to the so-called Hawthorne effect.” During the
development of the program, clinicians were probably more aware of the specific
problems, and demands of elderly CRC patients and other caregivers such as
dieticians and physiotherapists were more regularly involved. That could explain

why there was a dramatic decrease in 1-year mortality in our most recent controls
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(2012-2013). These controls fared much better than expected from previous
research.” For reference, in the Dutch ColoRectal Audit (DCRA) data, a gradual
improvement is seen over the years in outcomes, i.e. less postoperative mortality,
but no dramatic change between 2010-2011 and 2012-2013.%

Due to the small numbers of index events i.e. postoperative deaths, chance (such as
a calamity with stapling) could have had a disproportionate impact on the results.
This may have masked a positive effect of implementing the program. It could
be argued that a weakness of our study is that prehabilitation and rehabilitation
were not standardised for all patients in our program. In our opinion, the choice
to allow for limited tailoring to a patient’s needs within our protocol ensures its
applicability to daily practice. A fit elderly patient actively playing sports will
be difficult to motivate for prehabilitation he or she is unlikely to benefit from.
Likewise, an elderly patient that recovers very fast after surgery and can return
home on day five is not going to benefit from staying in a rehabilitation facility.
On the other end of the spectrum, very frail patients can be limited by their
comorbidity to participate in an exercise program. These are the main reasons that
not all patients in this study participated in all aspects of the program. Therefore
we believe that prehabilitation and rehabilitation should both be facilitated
in a comprehensive care program for elderly patients. This is in contrast to the
suggestion that research should focus on preoperative interventions following

research in younger counterparts.'’

One of the problems in dealing with elderly patients is that there is no ultimate
test to select patients. Age alone is not a predictor of outcome,*® but it could
be regarded as a key determinant for the progressive functional inadequacy of
physiological systems that leads to an impaired physical capacity to overcome
stressors. Therefore in our program, we chose age 75 and up as a cut-off.

Philosophically there are two opposing ways to go about with research in this
field. First, we could focus on the individual patient and completely individualise
prehabilitation, rehabilitation and treatment. As a consequence, it will be very
difficult to reach scientific evidence about what we are doing exactly. The other way
would be to succumb every patient to a strict protocol, but as discussed earlier it
would be difficult to include all patients; in the absence of reliable prognosticators
to make a proper selection of patients. Therefore, we chose all consecutive patients
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aged 75 and up as our cohort, but left some room for personalised prehabilitation
and rehabilitation fitting the clinical setting of daily practice. Thus making our

program applicable, usable and reproducible.

Animportant question that remains is whether complications and mortality are the
most relevant outcome parameters. Maybe for elderly patients self-sustainability,
mobility and overall quality of life should be paramount.” Future studies should
put more focus on these topics and should also overcome the lack of consensus to
what elements to include in a prehabilitation program* and the problem of low
adherence to the training protocol which was earlier reported to range from 16-
97%.°

Conclusion

We hypothesised that a comprehensive multidisciplinary care program would
be beneficial for elderly patients by boosting perioperative resilience, preventing
decline and thereby getting them back to their preoperative level of functioning as

soon as possible.

In this study, we were not able to demonstrate a clear effect on perioperative
complications and 1-year mortality after the implementation of our program.
However, the use of two control cohorts allowed for a better insight into what
drives improvement here. The fact that a significant improvement in outcome
already occurred during the development of the program seems to imply that
focused and dedicated multidisciplinary care is the essential element of favourable
outcomes of CRC surgery in elderly patients and there lies the benefit of starting

such a program.
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Appendix A Comprehensive multidisciplinary care program

Colonoscopy
When Baseline by a nurse practitioner (NP) When
indicated Including: indicated

Psychosocial screening”
Geriatric screening”

v v v v

Consultation® Dietary counselling and Radiological workup® Geriatric consultation
Cardiologist nutritional support
Pulmonologist BMR (Harris-Benedict)*
Social worker Protein intake 1.2-1.5gr/kg/day
Psychologist

oncology

team (MDT

Treatment advice

) 4
A

Treating physician and NP
Shared decision making
Motivational coaching

DIAGNOSTIC PATHWAY (1-1.5 WEEK)

Prehabilitation and rehabilitation

counseling
Surgeon and NP Prehabilitation (4-6 weeks):
Surgical intake and planning Supervised physical training
Informed consent (30-45 min. 2 sessions a week)
Prehabilitation decision —»| including breathing exercises and

exercises for home
Training goals:
endurance, balance, strength

v

Pre-clinical treatment options
Surgery < 3 week OR
Surgery after prehabilitation OR
Short: dj jott with i ilitation OR
Long i 1 diation with i ilitation ending before re-staging and surgery

|

Clinical pathway
Enhanced Recovery After Surgery (ERAS) AND
Preferred laparoscopic surgery AND
Planned discharge to a rehabilitation center or home at day 6°

|

Post-discharge pathway
To home without additional support OR
Rehabilitation in a rehabilitation center or extended physical training at home AND
Individualized post-surgery follow-up

PRECLINICAL PATHWAYS (3-6 WEEKS)

*Psychosocial stress in the oncologic practice{20]. "ISAR-HP and G8 screenings tools [14,15].Basal Metabolic Rate [16]. ‘Dutch national guidelines [21]. ‘When deemed
safe. 'Patients in a rehabilitation center were evaluated on location.
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Appendix B Cause of death in the first postoperative year

2010-2011 2012-2013 2014-2015
n=7 n=4 n=3
Surgery related 2 (29) 1 (25) 2 (67)
Tumour related 1 (14) 2 (50) 0
Other 1 (14) 0 0
Unknown 3 (43) 1 (25) 1 (33)

Number with frequencies (%)
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Abstract

Background: Older patients who are functionally compromised or frail may
be at risk for loss of quality of life (QoL) after colorectal cancer (CRC) surgery.
We prospectively studied health-related QoL (HRQoL) and its association with
functional dependency on multiple time points before and after CRC surgery.

Patients and methods: Included were patients aged 70 years and older who
underwent elective CRC surgery between 2014 and 2015 in combination with an
oncogeriatric care path. HRQoL (EORTC QLQ-C30 and CR38) and activities of
daily living (ADL, Barthel Index) were measured at four time-points; prior to (T0)
and at 3 (T3), 6 (T6), and 12 (T12) months after surgery. Functional dependency
was defined as a Barthel Index <19. Using mixed-model regression analysis
associations between dependency, time and HRQoL outcomes were tested and
corrected for confounders.

Results: Response rate was 67% (n=106) to two or more questionnaires; 26 (25%)
patients were functionally dependent. Overall, functionally independent patients
experienced a higher HRQoL than dependent patients. Compared to TO0, significant
and clinically relevant improvements in HRQoL after surgery were observed in
functionally dependent patients: better role functioning, a higher global health,
a higher summary score, less fatigue and less gastrointestinal problems (p<0.05).
In functional independent patients, we observed no clinically relevant change in
HRQoL.

Conclusions: Colorectal surgery embedded in geriatric-oncological care has a
positive impact on HRQoL in older functionally dependent patients with cancer.
Moderate functional dependency should not be considered a generic reason for
withholding surgical treatment. Information derived from this study could be

used in shared decision making.
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Introduction

In 2016, > 15,000 patients were diagnosed with colorectal cancer (CRC) in the
Netherlands, and > 50% of these patients were aged 70 years or older.! For most
patients, surgical resection is the treatment of choice.? However, with increasing
age, older patients are at increased risk for adverse outcomes of treatment such as
complications, readmission or death.** The risk of adverse outcomes of surgery
is influenced by comorbidity, impaired physical functioning and cognitive

impairments, all more prevalent among older patients with CRC.®*

Besides classical endpoints of oncological trials such as survival and complication
rates’, functional, social and emotional issues have high priorities to older patients'
Health-related quality of life (HRQoL) and retaining independence are therefore
relevant outcomes in older patients with cancer' and are ideally discussed in
addition to survival and complications when decisions are made about cancer
treatment.

Complications'*'*
associated with lower HRQoL after surgery. Still, HRQoL is expected to differ
among older patients especially in patients with functional dependency, knowing

as well as receiving chemotherapy and older age itself'>'¢ are

that functional dependencyisrelated to frailty and is also an important determinant
for adverse outcomes of surgery.!” Therefore, preoperative and postoperative
HRQoL outcome information with stratification based on functional dependency
is likely to be useful for shared decision making. In this process, HRQoL outcome
information should also include a longer postoperative follow-up, as the impact of
surgery for older patients extends to the first postoperative year.'® Based on earlier
literature we would still expect a negative impact of CRC surgery on HRQoL in
functionally dependent patients. Studies that investigated the impact of surgery on
HRQoL and physical functioning are limited or showed mixed results.’?' In the
majority of these studies, important information on preoperative functioning and

baseline HRQoL was lacking.
This study aims to investigate HRQoL at multiple time points before and after

colorectal surgery and the association with functional dependency, time and
HRQoL in older patients with CRC in the first year after surgery.
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Patients and methods

Population and setting

Data from Elder-1, a multicentre project designed to improve geriatric-oncological
care for older patients with CRC, was used to perform this study. The Elder-1 was
a longitudinal follow-up study on HRQoL and physical functioning, before and
3, 6 and 12 months after surgery. Furthermore, the project included a geriatric-
oncological educational program and an online-tool for nurses. These were
designed to identify frail patients and suggest early therapeutic interventions such
as dietary support based on undernutrition screening and advising physiotherapy
pre-and postoperatively for patients with recent falls or functional dependency.
In addition, it was advised to identify polypharmacy, inadequate social support
and perform cognitive and depression screening (Mini-Mental State Exam* and

geriatric depression scale*) with the advice of additional evaluation when indicated.

In participating hospitals, laparoscopic surgery was the preferred operating
technique® and peri- and postoperative care followed the Enhanced Recovery
After Surgery (ERAS)* guidelines.

From January 2014 to December 2015, patients were included from six Dutch
hospitals. Ethical approval for this study was obtained from the Medical Ethics
Committee Southwest Holland.

For the current study, all patients who were 70 years or older with elective surgery
for CRC were included in the analysis. Exclusion criteria were carcinoma in situ,
synchronous metastases or a synchronous other primary cancer or non-surgical

treatment only.

Data collection

Before surgical treatment (T0), patients were asked to complete self-administered
questionnaires about HRQoL and activities of daily living (ADL). Supplementary
questions were added to these validated questionnaires to include social-
demographic information such as marital status and current living situation
(alone or with others).

156



Oncogeriatric care and Health Related Quality of Life

HRQoL was also completed at 3 (T3), 6 (T6), and 12 (T12) months after surgery.
No ADL questionnaires were sent to patients at 6 months. Patients that did not
complete a previous set of questionnaires were not invited for the sequential set.
Patients that did not complete at least one set of questionnaires after TO were

excluded from the analysis.

Tumour and surgery-specific data were retrieved from the Netherlands Cancer
Registry (NCR). This registry supplied demographic information including
tumour characteristics (tumour stage and tumour location), surgical (open or
laparoscopic surgery, whether or not with an ostomy) and medical treatment

including neo- and adjuvant treatment.

From the NCR, we also retrieved demographic data of all non-participants (=70
years) with surgical treatment in the same study period (2014-2015) from the

participating study centres.

Health-related quality of life

HRQoL was assessed with the Dutch version of the validated European
Organization for Research and Treatment of Cancer Quality of Life Questionnaire
(EORTC QLQ) Core-30 (C-30) and EORTC QLQ-Colorectal-38 (CR-38).

The cancer-specific EORTC QLQ-C30 consists of 30 items belonging to five
functional scales (physical functioning, role functioning, emotional functioning,
cognitive functioning, social functioning), three symptom scales (fatigue, pain
and nausea and vomiting), six single-item scales (dyspnoea, insomnia, appetite

loss, constipation, diarrhoea and financial difficulties) and a global health item.*

A summary score of the QLQ-C30 was calculated that averages all functioning
and symptom scores except financial problems and the global health scale and
has been shown to have equal or even superior responsiveness to the underlying
QLQ-C30 scale scores.”

The EORTC QLQ-CR38 consists of four functional scales (body image, sexual
functioning and enjoyment, and future perspective), and eight symptoms scales
(gastrointestinal and micturition problems, chemotherapy side effects, defecation
problems, ostomy-related problems, weight loss, and male and female sexual

problems).?
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For both the QLQ-C30 and the QLQ-C38, answer categories range from one
(‘not at all’) to four (‘very much’) expect for global health which ranges from 0
(‘very poor) to 7 (‘excellent’). All scales are linearly transformed according to the
guidelines of the EORTC to reach a scale range of 0 to 100. A higher score on
the functional scales, the global health item and summary score implies better
HRQoL, whereas higher scores on symptom scales represent higher symptom
burden.

We compared patients on four QLQ-C30 functioning scales (physical functioning,
role functioning, emotional functioning, cognitive functioning), two QLQ-C30
symptom scales (fatigue and pain), the global health scale, the summary score and
four QLQ-CR38 scales (body image, future perspective, gastrointestinal problems
and weight loss). These more general outcomes were chosen based on clinical

grounds. This also reduced the risk of type I errors introduced by multiple testing.

Functional assessment

For functional assessment, we used the ADL Barthel Index. It consists of 10
questions with 2 to 4 answer options, with each option scoring 0 to 3 points, and
a maximum overall score of 20.%°° For this study we stratified patients based
on this index and considered patients fully functionally ‘independent’ with a
Barthel Index of 19 or higher following the definition of the Stroke Unit Trialists’
Collaboration.” Patients with a score lower than 19 were considered functionally
‘dependent’

Statistical analyses

Following the EORTC guidelines, in case of missing items within a scale, the scale
score was calculated by using only those items for which values were available
provided that at least half of the items in the scale were completed. Likewise, at

least 50% of the questions of the Barthel Index were needed to calculate a score.

Sociodemographic and clinical characteristics are presented with mean and
standard deviation (SD) for normally distributed continuous variables and
median with interquartile range (IQR) for non-normally distributed variables.
Sociodemographic and clinical characteristics were compared using the two sided
X2 or t-test.
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All scores were compared using two-way Analysis of Variance (ANCOVA).
Predefined confounders were age, gender, tumour stage, patients living alone
(patients not living together with spouse or partner), open surgery (yes or no) and

postoperative treatment with chemotherapy (yes or no).

Linear mixed-effect models (i.e. covariance pattern model with unstructured
error covariance matrix and maximum likelihood estimation)* were used to study
the course of HRQoL, functioning and symptom scales over time. This technique
uses data efficiently by also including incomplete cases in the analyses. As a result,
bias is limited and statistical power is preserved. Dependency status (analysed
as a categorical time-invariant predictor: dependent versus independent), time
(analysed as categorical predictor with four levels (i.e. four time points)) and
confounders as collected from baseline (analysed as time-invariant predictors)
were entered in the regression equation as independent variables. The interaction
of dependency status and time was tested separately and when these interactions
were significantly associated with the individual functioning and symptom scales,
stratified analyses were performed per dependency status (i.e. independent and

dependent).

The clinical relevance of the differences in HRQoL QLQ-C30 outcomes between
functionally independent and dependent patients were estimated using the
consensus-based guidelines of Cocks et al.*® Changes over time within a group
were separately evaluated on clinical relevance.** Both guidelines were developed
to aid the interpretation of differences in HRQoL scores between groups and
the interpretation of change scores over time. Differences in mean scores were
categorized into trivial, small, medium or large depending on the scale. Using the
global health scale as an example, a difference between two groups of 0-4 would
be categorized as trivial, 4-10 as small, 10-15 as medium and >15 as large. For
interpreting differences in QLQ-C38 outcomes, Norman’s rule of thumb was used,
where a threshold of half an SD was regarded as a clinically relevant difference.”
All analyses were performed using SAS 9.4 (SAS, Cary, NC, USA). A p-value of
< 0.05 was considered statistically significant.

159




Chapter 8

Results

Baseline characteristics

A total of 158 patients met our inclusion criteria. The response rate to the baseline
questionnaires was 74.7% (118 out of 158). For 106 patients (67%) at least one
follow-up questionnaire was available and these were included for further analysis
(Figure 1). Between included patients and non-responders (n=32) there was a
small difference in mean age (76.4 vs 78.7, p=0.046), but no difference in gender,
tumour stage, functional dependency or adjuvant treatment (p>0.05, Appendix
A). Similar results were seen when demographic characteristics of the study
cohort (n=106) were compared to the whole population of older patients with
CRC treated in the participating centres during the study period (Appendix B).

Missing values on individual’s scores of the HRQoL scales ranged from 0 to
4%. Most commonly missing data were on the scales of emotional functioning,
cognitive functioning, weight loss and fatigue. Based on the Barthel Index at
baseline, 80 patients (75%) were regarded as functionally independent (Barthel
Index >19) and 26 (25%) as functionally dependent (Barthel Index <19).

Baseline characteristics are depicted in Table 1. Mean age of all patients was 76.4.

Differences between functionally dependent and independent were seen in gender

(p=0.02), open-surgery (p=0.02) and the number of ostomies (p=0.003)
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Figure 1 Flow diagram of patients available for longitudinal analysis

* Follow-up was available at T=6 for 3 but not at T=3 for three patients
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Table 1 Demographic and baseline characteristics of patients stratified based on functional dependency

All Independent Dependent
n=106 n=80 n=26 p-value®
Mean Age (SD) (76.4) (4 76.3 (4 770 (4 0.4
70-74 35 (33) 27 (34) 8 (31)
75-79 47 (44) 37 (46) 10 (38)
80-84 18 17) 11 (14) 7 (27)
85+ 6 (6) 5 (6) (4)
Gender (%) 0.02
Male 57 (54) 48 (60) 9 (35)
Female 49 (46) 32 (40) 17 (65)
Barthel Index Score
20 72 (68) 72 (90) -
19 8 (7) 8 (10) -
18 18 (17) - 18 (69)
17 2 ) - 2 (8)
<16 (6) - 6 (23)
Current living situation’ 0.1
Alone 33 (31) 22 (28) 11 (42)
With Others 67 (63) 55 (69) 12 (46)
Nursing Home 4 (4) 2 3) 2 (8)
Tumour Location (%) 0.8
Colon 71 (67) 53 (66) 18 (69)
Rectum 35 (33) 27 (34) 8 (31)
Tumour Stage AJCC (%) <0.001
I 29 (27) 25 (31) 4 (15)
11 35 (33) 24 (30) 11 (42)
111 38 (36) 28 (35) 10 (39)
v 4 (@) 3 @) 1 @)
Type of Surgery 0.02
Laparoscopic Surgery 78 (74) 61 (76) 17 (65)
Open 28 (26) 19 (24) 9 (35)
Surgical Procedure 0.4
(Hemi) Colectomy 69 (65) 51 (64) 18 (69)
Low Anterior Resection 30 (28) 24 (30) 6 (23)
Abdominoperineal Resection 7 (7) 5 (6) 2 (8)
Ostomy Surgery 28 (26) 18 (23) 10 (38) 0.003
Neoadjuvant or Adjuvant Therapy 0.7
Radiotherapy 10 9) 8 (10) 2 (8)
Chemoradiation 13 (12) 10 (13) 3 (12)
Chemotherapy 15 (14) 11 (14) 4 (15)

Mean are given with standard deviation (SD). Frequencies with percentage (%). Patients were considered
ADL dependent with a Barthel Index below 19
*p-value between independent and dependent patients. 12 missing
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Baseline HRQoL

Tables 2A and 2B show the baseline and uncorrected differences in HRQoL
scores between functionally independent and dependent patients. Functionally
dependent patients reported lower physical functioning, role functioning, global
health and more symptoms such as fatigue and pain (all p<0.001). The HRQoL
summary score was, on average, 17 points lower for functionally dependent
patients compared to functionally independent patients (68.9 versus 86.4,
p<0.001). The clinical relevance of the majority these differences in baseline scores

can be classified as medium to large.

Table 2A Baseline QLQ-C30 scores with stratification based on functional dependency

Independent Dependent

n=80 n=26 Relevance®

QLQ-C30 mean (SD) mean (SD) p-value

Physical Functioning 81.6 (28) 62.4 (28) <0.001 medium
Role Functioning 80.0 (37) 55.8 (37) <0.001 medium
Emotional Functioning 84.8 (16) 78.1 (16) 0.1 none
Cognitive Functioning 89.6 (18) 84.7 (18) 0.2 none
Fatigue 28.5 (35) 51.3 (35) <0.001 large
Pain 14.2 (35) 34.0 (35) 0.001 large
Global Health 76.5 (20) 61.5 (20) <0.001 large
summary score 86.4 (12) 68.9 (18) <0.001 large

Numbers as mean values with corresponding (SD). *Interpretation of clinical relevance based on Cocks et
al®

Table 2B Baseline QLQ-CR38 scores with stratification based on functional dependency

Independent Dependent

n=80 n=26 Relevance®
QLQ-CR38 mean  (SD)  mean  (SD)  p-value
Future Perspective 70.8 (23) 60.3 (28) 0.06 none
Gastointestinal Problems 16.5 (14) 26.7 (16) 0.003 relevant
Weight Loss 18.6 (24) 33.3 (35) 0.02 relevant

Numbers as mean values with corresponding (SD). "Interpretation of clinical relevance based on Norman’s
rule of thumb?*

HRQoL over time for dependent and independent patients
The observed mean scores of the HRQoL domains over time for functionally
dependent and independent patients are depicted in figures 2A and 2B.
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Over the course of one year, functionally dependent patients persistently reported
lower role functioning (b=-16.40; 95% CI -24.74 to -8.06), lower global health (b=-
7.0; 95% CI -13.6 to -0.3, p=0.04) and more fatigue (b=11.3; 95% CI 1.5 to 21.5),
more pain (b=15.5; 95% CI 7.0 to 23.9), more gastrointestinal problems (b=7.0;
95% CI 1.8 to 12.2) and more weight loss (b=8.4; 95% CI 2.8 to 13.9) compared
to functionally independent patients. This was also reflected in a lower summary
score for functionally dependent patients (b=-8.0 95% CI -12.8 to -3.1).

Figures 2A and 2B illustrate that mean scores for role functioning, emotional
functioning, fatigue, pain, global health, the HRQoL summary score,
gastrointestinal problems and weight loss improved over time for functionally
dependent patients and not for functionally independent patients. This was also
reflected in the statistic interaction between time and dependency status (p<0.05),
indicating that HRQoL significantly changes over time, but these changes differ

between functionally dependent and independent patients.

After correction for confounders the improvement in functionally dependent
patients was significant and clinically relevant at T3 compared to TO for fatigue
(b=-13.9; 95% CI -27.9 to 0.0) and for the HRQoL summary score (b=12.0; 95%
CI 3.3 to 20.7). At T6 compared to TO significant improvements (p<0.05) were
observed in role functioning (b=17.1; 95% CI 1.4 to 32.7), fatigue (b=-18.6; 95%
CI -31.0 to -6.2), gastrointestinal problems (-9.8; 95% CI -15.8 to -3.8), global
health (b=13.7; 95% CI 3.0 to 24.3) and the HRQoL summary score (b=12.7, 95%
CI 4.3 to 21.2). At T12 (versus TO) these improvements were only statistically
significant and clinical relevant for weight loss (b=-18.8; 95% CI -34.9 to -2.7) and
gastrointestinal problems (b=-10.4; 95% CI -20.0 to -0.7, p=0.04) and no longer

for the other functioning and symptom scales.

In functionally independent patients, at T3 emotional functioning significantly
improved (b=4.2 95% CI 0.6-7.8) although this difference was not clinically
relevant. At T6 compared to TO improvements were observed in emotional
functioning (b=4.9 95% CI 1.3-8.6), pain (b=-7.1 95% CI -12.8 to -1.3), weight loss
(b=-14.0 95% CI -20.4 to -7.5) and gastrointestinal problems (b=-4.2, 95% CI -7.2
to -1.3). At T12 (versus TO) the improvements in emotional functioning (b=4.7,
95% CI 0.9 to 8.5), weight loss (b=-12.5, 95% CI -18.9 to -6.1) and gastrointestinal
problems (b=-3.3, 95% CI -6.4 to -0.2) remained significant but not for pain
(p=0.08). The temporality improvement in the pain score and the improvement
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in weight loss could be regarded as clinically relevant, all other improvements had
trivial or no clinical relevance.

Figure 2A Longitudinal health related quality of life (HRQoL)

Scores are mean with (SD). For the symptom scales higher scores mean more symptoms
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Figure 2B Longitudinal Health-Related Quality of Life (HRQoL)

Scores are mean with (SD). For the symptom scales higher scores mean more symptoms
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Discussion

In this study, we observed clinically relevant improvement in the majority of
the HRQoL domains for functionally dependent patients with improvements in
global health and a decrease in pain, fatigue, and gastrointestinal problems. For
the functionally independent patients, global health remained stable with only
clinically relevant improvement in weight loss. The expected negative impact of
surgery on HRQoL in functionally dependent patients was not seen, despite the
lower overall quality of life before surgery between functionally dependent and
independent patients.

Only three earlier studies focused (partly) on functionally dependent®**” or frail
patients with CRC.” One study among a group of 86 older patients (mean age
70) undergoing CRC surgery reported that poorer physical functioning was
borderline associated (p=0.058) with lower quality of life both prior to surgery and
at 5-8 months follow-up.”® Another study reported an improvement in quality of
life (measured with the EuroQol-5D) in older patients with CRC or gastric cancer
(>75 years) 6 months after surgery. However, patients were not stratified based on
geriatric or functional dependency.” Our study is in line with these studies and
also confirms the findings of a study that showed an improvement in HRQoL at

3 months follow-up in frail patients but no improvement at 12-28 months follow-
up.’?

In our study, 10% of the functionally independent patients and 12% of the
functionally dependent patients had at least 1 point decrease in their Barthel Index
after surgery (data not shown). These numbers are similar or even lower compared
to other studies (7-31%)."9°%*” The reported decrease in physical function in these
studies and our study are also lower than the studies included in an earlier review,
where up to 60% decrease in perceived physical functioning was described.?® This
discrepancy might be explained by improved CRC care in recent years: multiple
efforts have been undertaken to improve surgical care, including improvement
in peri-operative care (such as Enhanced Recovery After Surgery (ERAS)* and
laparoscopic surgery)®, better patient selection, and the introduction of geriatric-
oncological additional care. These improvements in surgical care and the decrease
in surgical complications and mortality in the past decade* may have resulted in
fewer patients with functional decline.
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Our observed improvements in multiple domains of HRQoL including symptom
scales after surgery could be related to the reduction of symptoms after surgery
(i.e. therapeutic effect). An alternative explanation might be the ‘response shift
phenomenon, i.e. the reframing of the perception of their health over time,
resulting in the reporting of improved HRQoL.**** Last, the majority of our
patients were treated in hospitals were oncogeriatric care is extendedly integrated
into the pre-, peri-, and postoperative care processes and this may influence the
effect of surgery on physical functioning and quality of life.*

It is unlikely that the postoperative improvement in HRQoL was caused by loss of
follow-up as the majority of these patients were not found to be the ones with the
lowest scores at baseline. That improvements in the majority of the HRQoL scales
were not significant at T12 for dependent patients, may have been caused by the
lower number of respondents at this time point or that patients return to their

original level of HRQoL indicating only a temporarily improvement.

Strengths of our study are the longitudinal follow-up of a cohort of older patients,
with baseline assessment before surgery and a high response rate at follow-up
(78%-87%). We reported on multiple time points showing a trajectory of HRQoL
and using linear mixed-models we corrected for possible confounders resulting in

more robust findings.

There are some limitations in our study that need to be addressed. First, we
chose functional dependency as an indicator of possible frailty. However, frailty
encompasses multiple domains, including cognitive and social functioning. The
impairments in other geriatric domains may have further influenced HRQoL.
Second, in our study patients had a Barthel Index score of 15 or higher, hence,
patients that were highly dependent on care (score < 10) were not included, and
neither were patients with acute surgery. Third, we cannot exclude the possibility
that patients who did not respond or were not included in our study exhibited
better or worse HRQoL, which would limit the generalizability of our results.
Lastly, the interval between the HRQoL questionnaires was 3 months, and may
not have captured the nadir of postoperative decline in HRQoL as was seen in

earlier trials.'##>4¢
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Our results suggest that one point difference in the Barthel Index can discriminate
between groups of older patients that experience a difference in HRQoL before
and after surgery. It underlines the importance of functional dependency in the
investigation of HRQoL in older patients. Furthermore, we already know that age
is not a useful selection tool for oncologic treatment and in older patients, other
geriatric factors should be taken into account in the process of shared decision
making.*” We add to this field that mild to moderate functional dependency,
although a low baseline quality of life suggests otherwise, should not be considered
a generic reason for withholding surgical treatment to older patients with CRC.
Whether oncogeriatric care itself limits the impact of surgery or even improves
HRQoL, should be further investigated.

Conclusions

Our study showed that in older functional dependent patients with CRC,
colorectal surgery embedded in oncogeriatric care has a positive impact on
HRQoL. Functionally dependent patients with CRC who survived the first three
months after surgery reported significantly and clinically relevant better HRQoL
compared to before surgery, although dependency persisted. This is important
information that has to be taken into account in the decision-making process of
older patients with CRC.
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Appendix A Baseline characteristics of responders and non-responders (T0)

Responders Non-responders
n=106 n=32 p-value

Mean Age (SD) 76.4 (4) 78.7 (6) 0.046
Gender (%) 0.8
Male 57 (54) 18 (56)

Female 49 (46) 14 (44)
Functionally Dependent

Barthel Index < 19 or Katz ADL > 2° 26 (25) 7 (24) 0.7
Tumour location 0.06
Colon 71 (67) 27 (84)

Rectum 35 (33) 5 (16)
Tumour stage AJCC® 0.4
Stage I-11 64 (60) 13 (41)

Stage I1I 38 (36) 12 (38)

Stage IV 4 (4) 2 (6)
Neoadjuvant or adjuvant therapy

Chemoradiation/ 23 (22) 2 (6) 0.047
radiotherapy

Adjuvant chemotherapy 15 (14) 3 9) 0.5

‘Information based on 106 responders and 29 non-responders
*Information on tumour stage of 5 patients was missing

Appendix B Baseline characteristics of the study cohort and all patients from the participating centres from

the same period (2014-2015)

Study cohort All patients®
n=106 2014-2015
n=923
Independent  Dependent
n=80 n=26 p-value®

Mean age (SD) 76.3 (4.0) 77.0 (4.0) 77.8 (5) 0.04
Gender 0.08
Male 48 (60) 9 (35) 496 (54)

Female 32 (40) 17 (65) 427 (46)

Tumour location 0.01
Colon 53 (66) 18 (69) 738 (80)

Rectum 27 (34) 8(31) 185 (20)

Tumour stage AJCC 0.3
Stage I-1T 49 (61) 15 (58) 527 (57)

Stage 1T 28 (35) 10 (38) 301 (33)

Stage TV 3(4) 1(4) 95 (10)

Neoadjuvant or adjuvant therapy

Neo-adjuvant 18 (23) 5(19) 107 (12) 0.02

chemoradiation/radiotherapy

Adjuvant chemotherapy 11 (14) 4 (15) 149 (16) 0.9
Ostomy 18 (23) 10 (38) 245 (27) 0.3

*All surgically treated patients for colorectal cancer (=70 years) in the participating centres between 2014-
2015. Data from the Dutch Cancer Registry (NKR). ® Between the three groups. Frequencies are shown with

percentage (%) or mean with SD
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Abstract

Background: Treating elderly colorectal cancer patients can be challenging. It is
very important to carefully weigh the risks and benefits of potential treatments
in individual patients. This treatment decision making can be guided by geriatric
consultation. We aimed to assess the effect of a geriatric evaluation on treatment

decisions for older patients with colorectal cancer.

Patients and methods: Colorectal cancer patients who were referred for a
geriatric consultation between 2013 and 2015 in three Dutch teaching hospitals
were included in a prospective database. The outcome of geriatric assessment,
non-oncological interventions and geriatricians’ treatment recommendations

were evaluated.

Results: The total number of included referrals was 168. The median age was 81
years (range 60-94). Most patients (71%) had colon cancer, and 49% had tumour
stage III disease. The reason for geriatric consultation was uncertainty regarding
the optimal oncologic treatment in 139 patients (83%). Overall, 93% of patients
suffered from geriatric impairments, non-oncological interventions that followed
after geriatric consultation was mostly aimed at malnutrition. The geriatrician
recommended the ‘more intensive treatment’” option in 69% and the ‘less intensive

treatment’ option in 31% of which 63% ‘supportive care only..

Conclusion: Geriatric consultation can be useful in treatment decision making in
elderly patients with colorectal cancer. It may lead to changes in the treatment plan
for individual cases and may result in an additional optimisation of patient’s health

status prior to treatment.
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Introduction

Treating elderly colorectal cancer patients can be challenging. These patients have
higher rates of post-treatment morbidity and (excess) mortality."* In addition,
they are also at risk for functional decline after treatment, with reported rates of
more than 60% in the elderly.’ Therefore, it is very important to carefully weigh
the risks and benefits of potential treatments. Given the heterogeneity within
the older adult population, age itself is not a useful selection tool for oncologic
treatment, and patients should be managed according to their individual health
status. Recent research has focused on using geriatric assessments to provide a
more comprehensive overview of an older patient’s overall health status across
multiple domains such as physical, psychosocial and functional status.>®

This study aimed to assess the relevance of geriatric consultations (including a
comprehensive geriatric assessment) in decision making for older patients with
colorectal cancer and to assess if it leads to an altered treatment of these patients.

Patients and methods

This study was performed at three teaching hospitals in the Netherlands. Patients
were included between 2013 and 2015 from the Diakonessenhuis Hospital in
Utrecht, the Hagaziekenhuis in The Hague and the Elisabeth-Tweesteden Hospital
in Tilburg. Consecutive colorectal cancer patients who were referred for a geriatric
consultation were included. Patients were selected for geriatric consultation by
the referring physician (surgeon, medical oncologist, gastroenterologist) or within
a multidisciplinary oncology team (MDT) meeting to obtain a recommendation
regarding the treatment or for optimisation of patient’s health prior to the
treatment. Patients were seen by a geriatrician in the outpatient clinic or during
hospital stay.

Thegeriatric consultations were performed by three geriatricians trained in geriatric
oncology (MH, HM and FB). These assessments consisted of an evaluation of the
patient’s medical history, polypharmacy (the use of >5 medications), cognitive
impairments, mood disorders, nutritional status, physical impairments, social

network and care needs. Interventions for each of these domains were initiated
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if necessary or possible to optimise health status. Advanced care planning (post-
treatment) could be discussed with the patient as well as patient’s expectations and

priorities considering treatment options.

In general, the colorectal cancer treatment options were formulated before geriatric
consultation; this could be the standard treatment according to guidelines or an
adjusted treatment based on clinical judgement of the patient’s health status.
Often, the cancer specialist suggested two options and asked the geriatrician’s
input regarding which to choose. After the consultation, the geriatrician could
subsequently agree with one of these options or recommend another alternative.

The geriatrician’s recommendations were discussed during MDT meetings or
directly between the geriatrician and patient’s cancer specialist, after which a
definitive treatment plan was formulated. Geriatric follow-up was initiated when

indicated.

Data analysis

The primary outcome was to assess the effect of a geriatric evaluation on treatment
decisions for older patients with colorectal cancer. Secondary analyses included
the prevalence of geriatric impairments and the effect of geriatric evaluation on

non-oncological interventions.

We collected the following data: age, sex, Charlson comorbidity index,’
medication use, tumour location (colon or rectum), tumour stage, treatment
setting (palliative or curative) and suggested treatment (surgery (with/without
(neo)adjuvant therapy), chemotherapy and/or radiotherapy, supportive care).
Data from the geriatric evaluation included the presence of geriatric impairments,
non-oncological interventions, suggestions regarding treatment choices and any
additional yield of the consultation regarding advanced care planning, clarifying
patient’s priorities and expectations regarding the treatment. Treatment decisions
following geriatric consultation were classified as ‘more intensive treatment’ if
the geriatrician recommended the treatment which is the more intensive of the
suggested treatments (e.g. extensive surgery instead of (palliative) chemotherapy;
normal-dose chemotherapy instead of low-dose chemotherapy or treatment).
Suggestions were classified as ‘less intensive treatment’ if the less intensive treatment

option was recommended by the geriatrician (e.g. low-dose chemotherapy instead
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of normal-dose chemotherapy or (extensive) surgical treatment) or if no oncologic
treatment was recommended (‘supportive care only’).

Statistical analysis

The statistical program IBM SPSS for Windows, version 23.0 (SPSS, Inc., Chicago,
IL, USA) was used for the statistical analyses. For comparisons between groups,
the Chi-square test was used for nominal and ordinal variables, the Anova test for
continuous variables. A p-value of <0.05 was considered statistically significant.

Results

The total number of included referrals was 168. Of these, 76 patients (45%) were
from the Diakonessenhuis hospital, 62 (37%) from the Hagaziekenhuis and 30
patients (18%) from the Elisabeth-Tweesteden hospital. The median age was 81
years (range 60-94) and 51% were male (Table 1). A total of 45% had a Charlson
comorbidity index of >2 and 69% used five or more medications. The majority of
patients (71%) were diagnosed with colon cancer, the other 29% had rectal cancer.
Almost half of the patients had stage III disease.

Geriatric consultations

The reason for geriatric consultation was uncertainty regarding the optimal
oncologic treatment in 139 patients (83%). The remainder (17%) already had a
final treatment plan: they were referred for optimisation prior to the oncological
treatment. Most patients were referred by a gastroenterologist (59%) or a colorectal

surgeon (33%). The majority (85%) was seen in the out-patient clinic.

Overall, 93% of patients had one or more geriatric impairments. Most common
impairments were polypharmacy (57%), impaired mobility (38%) and comorbidity
(38%, Table 2). Non-oncological interventions that followed after geriatric
consultation were mostly aimed at malnutrition, social network, psychological

and cognitive disorders.
Advanced care planning considerations were mentioned in the charts of 55 patients

(33%). Clarification of patient’s priorities was required for 43 patients (26%) and

erroneous treatment expectations were corrected in 40 patients (24%).
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Table 1 Patient demographics

Total (n=168)

Male (%) 86 (51%)
Median age in years (range) 81 (60-94)
Number of patients with charlson Comorbidity Index > 2 (%) 75 (45%)
Polypharmacy (use of >5 medications) (%) 115 (69%)
Tumour location (%)

colon 118 (71%)

rectum 49 (29%)
Tumour stage (%)

I 13 (9%)

11 30 (21%)

1 70 (49%)

v 31 (22%)

Treatment decisions

Of the 139 cases that had a geriatric consultation because of uncertainty regarding
the treatment plan, the geriatrician recommended the ‘more intensive treatment’
option in 96 cases (69%) and the ‘less intensive treatment’ option in 43 cases (31%,
Figure 1). Of the latter, ‘supportive care only’ was recommended in 27 cases (63%),
50% of these patients had stage IV cancer.

For 45 of the 139 patients (32%) the recommendation differed from the
treatment plan of the referring specialist. The alternative plan suggested by the
geriatrician for these 45 patients, was accepted for 34 patients (76%) while for 9
patients (20%), the initial plan was maintained. The remaining two (4%) patients
opted out of treatment themselves. Treatment suggestions following geriatric
consultation were not different between the age groups <80 years, 80-84 years
and =85 years (p=0.61). For patients with >3 impaired geriatric domains, ‘more
intensive treatment’ was recommended significantly less often while ‘less intensive
treatment’ was recommended more often (in 54% and 46% respectively in patients
with >3 domains compared to 80% and 20% respectively of those with <3 domains,
p=0.001).
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Table 2 Geriatric assessment outcome: prevalence of geriatric impairment and suggestions for non-
oncological interventions

Geriatric Resulting in Non-Oncological
Impairment Interventions
(i)ADL* 70 (42%) 4 (6%)
Cognitive 46 (27%) 9 (20%)
Polypharmacy 96 (57%) 13 (14%)
Comorbidity 63 (38%) 5 (8%)
Social network 28 (17%) 6 (21%)
Malnutrition 54 (32%) 29 (54%)
Psychological 19 (11%) 8 (42%)
Mobility 63 (38%) 9 (14%)

*(Instrumental) Activities of Daily Living

Figure 1 Treatment suggestions following geriatric consultation

=0.61 p<0.001

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

M Lessintensive

M More intensive treatment

Discussion

In this analysis of 168 patients who underwent geriatric consultation because
of colorectal cancer, we found that these consultations can be useful in guiding
the process of decision making and also focus on the optimisation of a patient’s
health status. Moreover, treatment plans changed in individual cases after the
geriatrician’s evaluation; most of the time (76%) these suggestions were adopted
by the referring physician. Suggestions for ‘more intensive treatment’ options were
significantly reduced in patients with multiple geriatric domain limitations. Non-
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oncological interventions that followed after geriatric consultation were mostly
aimed at malnutrition, social network, psychological and cognitive disorders.

The number of older colorectal cancer patients has increased in recent years en
is expected to rise even further in decades to come.® These patients often present
with co-existing health issues and functional or cognitive decline.” Especially
in these frail patients, colorectal surgery comes with high morbidity-rates.'
Moreover, survival is greatly affected by the outcome of surgery, mainly in the first
postoperative year.? Therefore, optimal decision making is of the utmost priority
for this heterogeneous patient group. Our study shows, similar to other studies,'®!

that a geriatric consultation can be helpful in this challenging task.

Untreated colorectal cancer can lead to serious cancer-related complications. One
could decide to choose for ‘less intensive treatment’ which does not always mean that
there will be no treatment. For example, instead of an extensive surgical colorectal
resection, one could perform minimal surgery only such as the placement of an
(diverting) ostomy to palliate obstruction complaints. Elderly do not experience
more limitations or psychosocial impact due to this ostomy compared to younger
ostomy carriers.”” In such cases, these ‘less intensive treatment’ options may
prevent the high postoperative complication rates (reported in up to 41%) and
postoperative 30-day mortality rates of 10% in patients >85 years old undergoing
colorectal cancer resection.! This might be an option in some individual cases for
whom ‘the more intensive treatment’ is not desirable. Another way to reduce the
treatment intensity, is by offering a patient monotherapy instead of combination
chemotherapy. The expected oncologic effect might not be as good as in normal
(protocolised) dose chemotherapy, but one can expect treatment-related toxicity

to be less pronounced.***

Similar to what we have seen in our cohort, previous research has shown that
the geriatric consultations can result in non-oncologic interventions in up to 70%
of patients.”” These interventions are aimed at improving patient’s health status
before treatment, which could be particularly pertinent because patients with
comorbidity are more prone to develop post-treatment morbidity or mortality'®
The effectiveness of these interventions is still not very clear. A recent study
that enrolled 60 cancer patients aged 70 years or older showed that geriatric
assessment guided multidisciplinary interventions increased quality of life and
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decreased functional decline after treatment.'” Another prospective randomised
controlled trial which will determine the effect of these interventions to reduce
hospitalisation and toxicity in older cancer patients receiving chemotherapy, is

currently ongoing.'®

This study has several limitations. First, we collected data from three different
hospitals. Although all of the geriatricians who examined the patients are
well-trained and experienced in geriatric oncology, consultations were not
protocolised and therefore, there might be some differences in their execution and
the interpretation of the results. While this may affect homogeneity, it is also a
reflection of actual clinical practice. Second, the presented data represent a selected
patient group, for which the primary cancer specialist or multidisciplinary team
deemed a geriatric consultation as desirable or necessary. Therefore, these patients
are not representative of all older colorectal cancer patients and the results of this
study should be extrapolated with some caution.

Despite these limitations, this study demonstrates that geriatric assessment
impacts oncologic treatment decision-making in older colorectal cancer patients.
In the future, case managers (e.g. specialised geriatric oncology nurses) could
aid the multidisciplinary decision-making process by collecting information
about patient’s health status, wishes and priorities and treatment possibilities.
Subsequently, older cancer patients with uncertainty regarding their ability to
tolerate treatment or regarding the optimal oncologic treatment plan should be
referred to specialists, who are experienced in geriatric oncology, for geriatric
consultation to receive a thorough assessment which can help in formulating an
individualised plan for the cancer treatment as well as optimising their overall
health status.

Conclusion

Geriatric consultation can be useful in treatment decision making in elderly
patients with colorectal cancer. It may lead to changes in the treatment plan for
individual cases. Additionally, it may optimise patient’s health status prior to

treatment.
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Summary

This thesis has aimed to investigate which older patients with colorectal cancer
(CRC) are at risk of poor surgical outcomes by exploring existing prediction tools
and study patient characteristics that could quantify risk and identify patients at
a high risk of adverse outcomes (Part I). In addition, interventions were studied
designed to modify surgical risk in older patients with CRC and elderly specific
outcomes were studied. Finally, the impact of Geriatric Assessment (GA) on
treatment decisions in CRC was studied (Part II).

Part I. Risk quantification

Risk prediction models have been developed to provide prognostic information
and support treatment decisions. In Chapter 2, existing risk prediction models
for adverse outcomes of CRC surgery were systematically reviewed and usefulness
and accuracy were assessed to enable preoperative prediction in older patients.
A relatively large number of prediction models have been developed, the oldest
dating back to 2004. Of 26 models identified, ten predicted mortality and seven
anastomotic leakage. None of the models was developed to estimate outcomes for
the highly heterogeneous older population nor did these models address outcomes
such as quality of life or functional decline. The inclusion of peri-operative
predictors limits the use of several models for preoperative decision making. Some
models needed further validation because they carried a relatively high risk of
bias. Others needed updates because operative risk factors and quality of care may

have changed over time, thus affecting a model’s accuracy.

In Chapter 3, we assessed the Identification of Seniors at Risk for Hospitalised
Patients (ISAR-HP) and Geriatric 8 (G8) screening tools for their prognostic value
for postoperative complications and mortality in a real-life CRC population over
the age of 70 years. Patients screened “at risk of frailty” with the ISAR-HP were at
increased risk for 30-day complications including cardiopulmonary complications,
readmission and six-month mortality. In contrast, patients identified as “at risk of
frailty” with the G8 screening tool, did not have a higher risk of poor surgical
outcomes However, patients that were at risk of frailty with both screening tools
had the highest risk of complications. Therefore, ISAR-HP and G8 combined had
the strongest predictive value for complications and mortality.

In Chapter 4, functional dependency, previous falls, undernutrition and risk of

delirium were investigated for their prognostic value for 30-day morbidity and
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overall survival (OS) after elective CRC surgery. Using a population-based multi-
centre database, we assessed these preoperatively collected geriatric characteristics
as predictors for poor surgical outcomes. ADL dependency, experiencing at least
one fall in the last 6 months, and being at risk of delirium were associated with
a higher likelihood of overall mortality, even after adjustment for age, gender,
tumour stage, and American Society of Anesthesiologists (ASA) Physical Status
classification. We showed that compared to low-risk patients, high-risk patients
(> 2 out of 4 impairments) had more postoperative complications and worse OS;
almost 50% of these patients died within three years of surgery. These geriatric
predictors also showed associations with the need for additional care after surgery.
We have suggested that these geriatric predictors could be useful in a prediction

model designed specifically for older patients.

In Chapter 5 we studied skeletal muscle mass and density as a prognostic factor
for poor outcomes of CRC surgery. In an observational study among patients with
non-metastatic CRC, lumbar skeletal muscle mass and density were measured from
a single CT-image. We found very little prognostic value in lumbar skeletal muscle
mass and density. Previously published cut-off values for radiologically assessed
low skeletal muscle mass and density did not apply to older patients and did not
discriminate between patients at risk and not at risk. These conclusions were not
altered when skeletal muscle mass and density were analysed by gender-specific
quartiles or as a linear measure. We have shown that physical functioning reflected
by the use of a mobility aid has better potential as a predictor for complications
and survival then a single CT-measurement of muscle mass or muscle density.
Radiologically assessed muscle mass cannot be used as a prognostic marker for
outcomes of CRC surgery unless age, gender and BMI specific cut-off points
become available.

In Chapter 6, a preoperative geriatric risk prediction model is presented for
severe complications after elective surgery, developed in 1088 patients with stages
I-1III CRC. Strong predictors were rectal cancer, gender, a history of COPD or
Emphysema, a history of thromboembolic events (Deep Venous Thrombosis
or Pulmonary Embolism), functional dependency, the use of a mobility aid, a
previous delirium and polypharmacy. Age alone was no longer a predictor in this
cohort. High-risk patients had up to 30% predicted risk for severe complications.
Estimated discrimination of our model was AUC 0.65 by using the LASSO
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regression analysis method. Internal validation contributed to the reliability of the
model, but external validation including assessment of calibration is warranted
before further use of this model to guide preoperative counselling and possible
allocation of interventions.

Part Il. Risk modification

In Chapter 7, we have shown that it was feasible to implement a prehabilitation
and rehabilitation program for patients aged 75 years and older and that such a
program may contribute to lower complications and reduces length of hospital
stay. No clear benefit was shown for other postoperative outcomes. Dedicated
multidisciplinary care seems the key attributor to favorable outcomes of CRC

surgery in elderly patients.

The topic of Chapter 8 has been Health-Related Quality of Life (HRQoL)
and functional dependency after CRC surgery among patients treated in an
oncogeriatric care setting. A longitudinal follow-up study was designed for older
CRC patients, with baseline and follow-up questionnaires (at 3, 6 and 12 months).
Older patients with mild to moderate functional dependency (Barthel Index <
19) were shown to have a lower baseline quality of life compared to functionally
independent patients before surgery including more symptoms (fatigue and pain)
and lower perceived global health. During 1-year of follow-up, mean scores on
the function and symptom scores improved in functionally dependent patients
and remained at the preoperative level for functionally independent patients.
Therefore, CRC surgery embedded in a geriatric-oncological care model may have
a positive impact on HRQoL in older functionally dependent cancer patients.

Chapter 9 addresses the effect of a Comprehensive Geriatric Assessment (CGA)
on treatment decisions. Older patients with stage I-IV CRC referred for geriatric
consultation between 2013-2015 were included. In 93% of patients, one or more
geriatric impairments were found. A “more intensive treatment” option was
recommended in 69% of patients and in 31% a “less intensive treatment” option.
CGA can lead to changes in the treatment plan for individual cases, also in older
CRC patients.
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General discussion and future perspectives

Selecting the appropriate cancer treatment for older patients with cancer remains
challenging.

Personalised treatment recommendations require the evaluation of patient-,
disease- and treatment characteristics in combination with individual patient’s
needs, values, and preferences to weigh gain and burden of treatment and disease.
Ideally, more personalised outcome information regarding the risk of postoperative
complications and mortality, but also regarding postoperative physical functioning

and quality of life is available to support treatment advice.

Part I of this thesis addresses methods to quantify the risk of postoperative
complications for older patients with non-metastatic CRC cancer. We have
incorporated our findings into a new prediction model for severe complications of
surgery. In Part IT of this thesis, we have studied interventions designed to modify

the risk for poor surgical outcomes in this patient group.

In this chapter, implications for future research (prognostic research, body
composition research and prehabilitation research) and clinical practice (pre- and
postoperative care) are discussed, and an adapted care pathway for older non-

metastatic CRC patients is proposed.

Implications for future research

Prognostic Research

Prognostic research can provide tools for personalised outcome information.
However, the implementation of these tools in clinical practice, requires critical
evaluation. To this purpose, future prediction model studies should systematically
use the TRIPOD guidelines to allow critical assessment of a model’s applicability,
bias performance. For performance assessment, discrimination as well as
calibration measures need to be reported, and external validation should be

available before considering implementation into clinical practice.’
Using these guidelines, we concluded that most prediction models are not useful

for older patients with CRC (Chapter 2). Good discrimination does not always
mean there is proper calibration. As shown in Chapter 2, many prediction models

197




Chapter 11

for outcomes of CRC surgery, have acceptable discrimination but unsatisfactory
calibration. Asa consequence, the use of poorly calibrated models that overestimate
individual risks could lead to worse outcomes compared to not using a prediction
model.* Moreover, many prediction models showed unsatisfactory performance in
validation studies (Chapter 2). In addition, prediction models for outcomes of CRC
need a periodic update owing to possible changes of the population and certain
changes in therapy.® This applies to surgical CRC prediction models, because of the
many efforts made to improve outcomes of colorectal cancer surgery for patients
(i.e. auditing, ERAS including laparoscopic surgery, neoadjuvant treatment and
wait-and-see for rectal cancer and selective use of defunctioning stoma).** For the
GerCRC model from Chapter 6, we initiated validation including evaluation of its
calibration, and this will be completed in 2020.

With regard to the field of surgical oncology, we have shown that gender,
comorbidity, physical functioning (need for ADL assistance and use of a mobility
aid), cognitive functioning (previous delirium) and tumour location are useful
predictors for postoperative complications and have incorporated this in the
GerCRC model. The GerCRC model underlines the importance of taking
geriatric- predictors into account when conducting prognostic research in the field
of surgical oncology. It is possible that the discriminatory value of the GerCRC
model could be enhanced with other geriatric parameters or physical performance
measures such as the need for help with Instrumental Activities of Daily Living
(IADL) or physical performance measures such as walking speed or grip strength.
A planned validation study will demonstrate whether further improvement of the
performance of the GerCRC model is needed. Hence this would require fewer
patients (and events) to investigate.® As highlighted in Chapter 2, the geriatric
screening tool G8 alone is not useful as a prognostic tool for complications of
CRC surgery.

Body composition research

Previously published cut-off values for radiologically assessed low skeletal muscle
mass and density do not apply to older patients. We have shown that physical
functioning reflected by the use of a mobility aid has better potential as a predictor
for complications and survival then a single CT-measurement of muscle mass or
muscle density. The big challenge for body composition research is determining
interpersonal variation and pathological loss of muscle mass and quality” and
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thereby also determining age, gender and BMI specific cut-off points. Also, further
standardisation of assessment methods and terminology could advance this field.?
For now, research should focus on these challenges and clinicians should rely on
clinical measures such as physical functioning to provide prognostic information
to older patients.

Health-related quality of life research

For older patients, retaining independence and health-related quality of life
(HRQoL) are important outcomes of treatment and are ideally discussed when
deciding upon cancer treatment.>'® Although patients with mild to moderate
functional dependencyhad a worse quality of life before CRC surgery, improvement
in global health (QL), as well as on several functioning and symptom scales, were
seen up to 6 months after surgery (Chapter 8). The observed improvement in
quality of life after surgery could be related to the therapeutic effect of surgery or
the effect of the oncogeriatric care they received. However, some older patients
experience a persistent decrease in physical performance and lower HRQoL after
CRC surgery. In our study cohort, this was around 10% of all patients (Chapter
8). Longitudinal QoL studies thus provide valuable information for patients and
healthcare givers. Therefore future research in CRC could shift its focus from
standard outcome measures such as complications and mortality to more patient-

centred goals such as quality of life and postoperative physical functioning.

Standard measurement of pre- and postoperative physical functioning helps
to determine which older patients lack resilience and do not recover to their
preoperative level of functioning. In 256 older breast cancer patients receiving
chemotherapy, 42% of patients experienced some form of functional decline; but
almost 50% recovered after 12 months. Identifying the non-resilient patients and
determining risk factors for non-resilience would be an advancement in the field
of CRC care. This would also provide targets for interventions that could reduce

the negative impact of CRC treatment for these patients.

Prehabilitation research

Improving a patient’s resilience before surgery using prehabilitation has gained
interest in cancer surgery to improve outcomes and has been investigated in
Chapter 7. At present, there is still no consensus on which elements to include in

a prehabilitation program. Most prehabilitation programs included strength and
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endurance training combined with sufficient dietary intake (proteins)."! However,
due to the considerable heterogeneity of the prehabilitation programs and the
heterogeneity of patients under scrutiny, sound interpretation of the study results
is difficult." In addition, the impact of prehabilitation on outcomes such as quality
of life is scarce or even absent, and this needs further investigation. Prehabilitation
as a preventive strategy for delirium in older frail patients is of interest and was

recently investigated, however evidence is still limited."

One of the largest challenges for prehabilitation research is who to select for such
a program. Better patient selection for prehabilitation is needed, because of the
limited effect shown in a non-selective population.'"* However, there are no
optimal selection methods yet. Patient selection based on age (275 years) and
patient motivation, was not shown to significantly improve outcomes (Chapter
7). However, selection based on ASA score III-IV (severe systemic disease or life-
threatening disease) of patients scheduled for major abdominal surgery (50%
CRC surgery) and allocated prehabilitation resulted in 20% fewer complications

in comparison to standard treatment.'

However, we showed that ASA score alone is not the best selection method for
older patients (Chapter 4, 6), and more patients might benefit from prehabilitation
when better selection criteria are used. A trial is underway for a 4-week training
program with selection based on the Clinical Frailty Scale.">'® However, the
clinical frailty score does not take into account important prognostic factors such
as tumour characteristics or comorbidity,'”'® limiting its use for a large number of
patient. Therefore, the GerCRC model, which also uses tumour and comorbidity,
might serve as a possible instrument to select patients for prehabilitation (after
validation). Ideally, a Net Benefit (NB) of the prediction model is calculated that
compares prediction model based treatment with default policies of “treat none”
or “treat all’*

Implications for clinical practice
Since 2014, a (Comprehensive) Geriatric Assessment of high-risk patients with

CRC has been mandatory in the Netherlands.” This is in addition to the standard
evaluation of the four geriatric domains: undernutrition, physical impairment, fall
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risk, and risk for delirium that are part of the nationwide implemented Dutch
National Patient Safety Program (“veiligheid management systeem” or “VMS”)*
and the national guideline for detection of undernutrition for all patients with
CRC. These efforts to improve (postoperative) outcomes of CRC patients also
coincide with ERAS.

Where Geriatric Assessment (GA) is used to identify patients at risk of geriatric
deficits, a comprehensive GA (CGA) can confirm or negate the presence of
geriatric impairments, and subsequently direct interventions aimed at improving
outcomes, the discussion of treatment goals and treatment preferences to
improve quality of life, and improving treatment adherence.?* Interventions
initiated by the VMS program include a comprehensive nutritional evaluation of
high-risk patients, physiotherapy in case of ADL dependence of previous falls,
and postoperative delirium prevention in high-risk patients.” Where geriatric
screening and assessment are usually performed before treatment decisions are
made, in current clinical practice the VMS is assessed on the day of hospital
admission. Concurrently, the Enhanced recovery after surgery (ERAS) guideline
also has been implemented in many Dutch hospitals. To illustrate the current
clinical practice, Figure 1 shows a care pathway for older CRC patients used in
multiple Dutch Hospitals.

Preoperative colorectal cancer care

Disadvantages of the current clinical practice with geriatric screening and
assessment, VMS and preoperative care components of ERAS, are the overlap of
these methods with respect to detection of (geriatric) deficits and introduction
of interventions. Additionally, timing of screening and interventions (including
CGA) can be optimised. The resources needed for a CGA are still scarce in many
hospitals, or even non-existing. In current practice, screening tools are used to
select patients for CGA, but especially for the G8, the low specific results in an
unnecessary referral for CGA. In addition, patients with only an impairment of
single geriatric domains might be managed accordingly, without the need for
a CGA. A CGA is then preserved for high-risk patients who may benefit the
most (multiple geriatric impairments) or patients with metastatic disease where

alternative therapy or even best-supportive care is considered.
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Oncological and Radiological workup®
+
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|

ultidisciplinary Cancer
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Treatment advice
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A 4

Treatment Decision

Geriatric Screening (“VMS”
Risk for Delirium
Risk for Undernutrition
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PRECLINICAL
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(<1 WEEK)

A 4
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*Delirium prevention
*Nutritional Support
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*Dutch National Colorectal Cancer guidelines, "ISAR-HP and G8 screenings tools, *for selected patient

Figure 1 An example of a care pathway for older patients (=70 years) with CRC, that includes geriatric
screening and assessment and vms
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Within a care pathway for older patients with CRC, a risk model could replace
current geriatric screening and CGA assessment for most patients. However, there
are two major additions to such a care pathway: the risk for delirium should be
assessed preoperatively because of the association of delirium with postoperative
complications (Chapter 3) including a longer hospital stay, in-hospital mortality23
and reduced OS,24 and the strong evidence that (non-pharmacological)
multicomponent delirium prevention is useful for hospitalised patients.25
Furthermore, because of the association between undernutrition and mortality,26
preoperative nutritional status should be assessed as soon as possible after
CRC diagnosis to maximise the efficacy of nutritional interventions. Screening
of undernutrition on the day of surgery then becomes obsolete. Moreover,
pulmonary optimisation can be achieved for patients that smoke by advocating
smoking cessation. Hence, smoking cessation for even four weeks before surgery
can reduce the risk of wound-healing complications.27

Information from a risk model should then be presented during the MDT meeting.
Theoretically, the advantage of using prognostic information during an MDT, is
that it creates awareness among healthcare professionals of the risks of surgical
treatment. The prognostic information can also be used in the decision-making
process later on. Figure 2 depicts an example of a possible care pathway where our
findings and suggestions are incorporated.

Postoperative colorectal cancer care

In addition to preoperative interventions, we should also give more attention to
postoperative interventions that also might improve outcomes of CRC surgery.
Reduction of postoperative immobilisation using ERAS and postoperative
physiotherapy are well established and have shown to be useful for reducing
complications and length of hospital stay.”*** However, we do not advocate the
implementation of prearranged rehabilitation into standard care for CRC; in
contrast to the rehabilitation program from Chapter 7. The recent advancements in
CRC care have likely contributed to the further shortening of the length of hospital
stay and a reduction in complications, limiting the necessity of such a program.?!
However, postoperative delirium preventive measures and early mobilisation can
be initiated after screening (VMS) by the treating physician. In high-risk older
patients, a multidisciplinary approach with geriatric co-management might be
an additional strategy of further reducing postoperative complications (including
delirium) and shortening the length of hospital stay of hospital stay.*
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Figure 2 Concept care pathway for patients >70 years with colorectal cancer
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A final suggestion for improving pre-and postoperative care for older patients is
concerning the role of the Dutch ColoRectal Audit (DCRA) in this process. Audit
date from the DCRA has been an important data source for research and has itself
shown to be useful for quality improvement and reducing health care cost.”*
Therefore, we also propose that the DCRA from now on should include pre- and
postoperative geriatric parameters, including physical functioning, to provide
more opportunities for research. As more than 50% of patients in this registry
is > 70 years, it seems time to adopt initiatives such as the American College of
Surgeons (ACS) geriatric audit pilot where standard preoperative geriatric data
were collected for all older patients in this database.*

Conclusion

Improved risk assessment for older CRC is possible when demographics, tumour
and geriatric predictors are combined. Directing interventions for high-risk
patients could ultimately lead to improved outcomes, including quality of life and
functionality.
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Darmkanker is met name een ziekte van de oudere patiént en voor de grootste
groep patiénten is chirurgie de aangewezen behandeling. Echter, oudere
patiénten hebben meer risico op complicaties, waardoor zij mogelijk minder
goed herstellen van een operatie. In deel 1 van dit proefschrift wordt bestudeerd
welke ouderdomskenmerken een verhoogd complicatie risico geven, om zo voor
oudere patiénten een betere risico-inschatting te kunnen maken. In Nederland
zijn er verschillende initiatieven geweest om het operatief risico te verkleinen
voor oudere patiénten. In deel 2 van dit proefschrift worden de resultaten van een
preoperatief trainingsprogramma beschreven welke tot doel had het postoperatief
herstel van oudere patiénten te versnellen en het aantal complicaties te beperken.
Daarnaast wordt de kwaliteit van leven van oudere patiénten die behandeld zijn in
een oncologisch-geriatrisch zorgpad bestudeerd evenals de invloed van een CGA

(Comprehensive Geriatric Assessment) op behandelbeslissingen.

Deel I. Risico inschatting

Risicomodellen kunnen worden gebruikt om een risico-inschatting te maken van
een behandeling voor een individuele patiént. In hoofdstuk 2 worden bestaande
risicomodellen voor complicaties van chirurgische behandeling systematisch
beoordeeld op bruikbaarheid en nauwkeurigheid voor de oudere patiént. Daarbij
wordt ook gekeken of deze modellen voldoende bruikbaar zijn om preoperatieve

besluitvorming te ondersteunen.

Er bleken in totaal 26 risicomodellen te zijn ontwikkeld, echter waren een deel
van deze risicomodellen gedateerd of kon de betrouwbaarheid door gebrek aan
validatie niet goed worden ingeschat. In een deel van de risicomodellen werden
risicofactoren gebruikt die pas tijdens of na een operatie bekend worden, waardoor
deze modellen niet bruikbaar zijn voor preoperatieve besluitvorming. Door deze
beperkingen concludeerden wij dat de bruikbaarheid en nauwkeurigheid van de
huidige modellen voor ouderen beperkt is. In slechts een klein aantal modellen werd
gebruik gemaakt van verouderingskenmerken. Door verouderingskenmerken op
te nemen in preoperatieve risicomodellen voor oudere darmkankerpatiénten

vallen deze modellen wellicht te verbeteren.
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In hoofdstuk 3 worden de geriatrische screeningsinstrumenten ISAR-HP en
G8 beoordeeld op hun prognostische waarde voor postoperatieve complicaties.
De ISAR-HP en G8 worden nu al standaard gebruikt om patiénten te screenen
die mogelijk profijt kunnen hebben van verdere geriatrische evaluatie (CGA).
Patiénten die met de ISAR-HP als mogelijk “kwetsbaar” werden aangemerkt,
bleken ook daadwerkelijk meer postoperatieve complicaties te hebben, waaronder
ook meer heropnames na een operatie en een hogere sterftekans. Daarentegen
hadden patiénten die met de G8-screeningtool werden geidentificeerd als
mogelijk “kwetsbaar”, niet méér kans op complicaties. Patiénten die door beide
screeningsinstrumenten geidentificeerd werden als “kwetsbaar” hadden echter het
hoogste risico op complicaties. Daarmee is zowel de ISAR-HP als de ISAR-HP
gecombineerd met de G8 bruikbaar om een preoperatieve risico-inschatting te
maken.

De ziekenhuisopname na operatie is voor kwetsbare oudere patiénten ook risicovol
vanwege hun verhoogde kans op ondervoeding, delier of vallen. Als onderdeel
van het VMS Veiligheidsprogramma worden in Nederlandse ziekenhuis daarom
standaard geriatrische gegevens verzameld met als doel vroege herkenning en
het voorkomen van deze onbedoelde schade en daarmee het verbeteren van de
uitkomsten na een ziekenhuisopname. Onderwerp van hoofdstuk 4 was of deze
standaard preoperatief verzamelde geriatrische informatie ook risicofactoren zijn
voor postoperatieve complicaties en vroegtijdig overlijden na een darmkanker
operatie. Patiénten met één of meer van deze risicofactoren hadden hoger risico
op postoperatieve complicaties en bijna 50% van de patiénten met drie of meer
risicofactoren was na drie jaar niet meer in leven. Deze geriatrische onderdelen van
de VMS Veiligheidsprogramma bieden dus relevante prognostische informatie en

zijn mogelijk bruikbaar voor een preoperatief risicomodel.

In patiénten met onder andere uitgezaaide darmkanker was eerder gebleken dat ook
spiermassa en spierdichtheid (als maat voor spier kwaliteit) risicofactoren zijn voor
het krijgen van een postoperatieve complicatie. Hoofdstuk 5 onderzoekt daarom
of spiermassa en spierdichtheid ook voorspellers zijn voor slechte uitkomsten
bij oudere darmkanker patiénten met niet-uitgezaaide darmkanker. Het blijkt
echter dat spiermassa en spierdichtheid welke op een CT-scan is gemeten, weinig
voorspellende waarde heeft voor deze groep oudere patiénten en daarom nu niet
bruikbaar is voor de klinische praktijk. Wij zagen dat het preoperatief gebruik van
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functionele hulpmiddelen, zoals een wandelstok, echter meer potentie heeft als
voorspeller voor complicaties.

In hoofdstuk 6 wordt een nieuw geriatrisch risicomodel gepresenteerd voor
ernstige postoperatieve complicaties welke is gebaseerd op de eerdere bevindingen
uit voorgaande hoofdstukken. Sterke preoperatieve voorspellers in dit model zijn de
locatie van de tumor, geslacht, een voorgeschiedenis van COPD of emfyseem, een
voorgeschiedenis van trombose, functionele afhankelijkheid, het gebruik van een
loophulpmiddel, een verhoogd risico op een delier en polyfarmacie (het gebruik
van 5 of méér medicijnen). Patiénten met meerdere risicofactoren hebben meer
dan 30% kans op een ernstige complicatie. Dit is bijna 20% meer dan patiénten
zonder een van deze risicofactoren. Externe validatie van dit model is echter nog

wel noodzakelijk voordat dit model kan worden gebruikt in de klinische praktijk.

Deel ll. Interventies

Hoofdstuk 7 laat zien dat het haalbaar is om een trainings- en rehabilitatie-
programma te implementeren in een zorgpad voor oudere patiénten. Een
dergelijk zorgpad draagt mogelijk bij aan het verder verminderen van het aantal
complicaties en het verkorten van de opnameduur. Welke patiénten hier het meest
van profiteren moet echter nog verder worden onderzocht.

In hoofdstuk 8 beschrijft de kwaliteit van leven (HRQoL) in relatie tot functionele
zelfstandigheid van oudere darmkanker patiénten die werden behandeld in een
oncologisch-geriatrisch zorgpad. In een longitudinale studie werden meerdere
“kwaliteit van leven” vragenlijsten afgenomen bij oudere patiénten, zowel voor
start van chirurgische behandeling als na afloop (3, 6 en 12 maanden). Minder
zelfstandigheid voor de operatie kan gepaard gaan met een slechtere kwaliteit
van leven en met meer klachten zoals vermoeidheid en pijn. Echter, bij deze
groep minder zelfstandige patiénten, verbeterde de gemiddelde kwaliteit van
leven na operatie duidelijk. Op basis van deze resultaten concludeerden wij dat
darmkanker chirurgie bij oudere patiénten, als onderdeel van een oncologisch-
geriatrisch zorgpad, een positieve invloed heeft op kwaliteit van leven van oudere

darmkanker patiénten.
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Hoofdstuk 9 beschrijft het effect van een CGA op behandelbeslissingen van
oudere kankerpatiénten. Bij 93% van de in deze studie geincludeerde patiénten
werden één of meer geriatrische afwijkingen gevonden en in de meerderheid van
patiénten werden hiervoor aanvullende behandelsuggesties gedaan. In 32% van
de patiénten verschilde het behandeladvies van dat van de verwijzend specialist,
maar in de meerderheid van de gevallen werd dit advies wel opgevolgd. Wij
concludeerden dat volledige geriatrische evaluatie, ook bij oudere darmkanker
patiénten, kan leiden tot wijzigingen in het behandelplan.

Conclusie

Omdat geriatrische kenmerken voorspellend zijn voor postoperatieve uitkomsten,
vragen goed geinformeerde behandelbeslissingen om geriatrische kennis.
Preoperatieve interventies in een oncologisch-geriatrisch zorgpad kunnen
mogelijk bijdragen aan een beter postoperatief herstel, mits er een goede selectie

van deze patiénten plaatsvindt.
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