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Abstract 
 

Life supporting therapy should only be provided to patients in an intensive care unit (ICU) 

if the patients and their relatives are well informed about the treatment and associated  

risks and if the treatment intensity is proportional to the expected result. However, Teno J.M. 

et al. (2013) [1] showed that 1 in 3 patients die shortly after treatment at ICU, which may be an 

indication that the level of care is not appropriate. A possible measure of overtreatment is the 

number of perceptions of excessive care (PECs) that patients receive from clinicians.  

 

For this thesis, data from the 28-day observational study (multicenter DISPROPRICUS study) 

has been used. The dataset contains patient, ICU, country, clinician and hospital characteristics. 

Different subgroups of patients have been studied: age subgroups (< 75 year old, ≥ 75 year old), 

cancer type subgroups (no cancer, hematological cancer, solid tumor), cancer status subgroups 

(no cancer, active cancer, not active cancer) and surgery subgroups (no surgery, scheduled 

surgery, unscheduled surgery). Univariate analysis showed that the proportion of patients with 

concordant PECs is significantly higher for older patients, for patients with hematological 

cancer and for patients with active cancer in comparison with the other subgroups of patients.  

 

The main objective of this thesis was to study whether it is possible that clinicians discriminate 

certain subgroups of patients. Discrimination is possible if 1) there is a significant difference in 

the proportion of patients with concordant PECs or in the rate of receiving those concordant 

PECs and 2) if there is a significant difference in the proportion of patients with a treatment 

limitation decision (TLD) registration or in the rate of TLD registration between the different 

subgroups.  

 

In order to evaluate whether discrimination of patients may occur, cumulative incidence curves 

have been constructed for all subgroups for 1) the time from admission until receiving the  

2nd PEC and 2) the time from receiving the 2nd PEC until TLD registration. By fitting cause-

specific hazard models, hazard rates for different subgroups could be compared. Cumulative 

incidence curves for the time from receiving the 2nd PEC until death or combined endpoint have 

been studied as well (although no extra information about possible discrimination can be 

obtained from these). To adjust for background characteristics, inverse propensity score 

weighting has been applied and weighted cumulative incidence curves were constructed. The 

propensity score is defined as the estimated conditional probability for a patient to belong to 

his own subgroup given the patient’s characteristics.  



VI 

 

The results based on the unweighted and weighted cumulative incidence curves are almost 

identical. No significant difference in cause-specific hazard rate of TLD registration was 

detected between any of the subgroups. The cause-specific hazard rate of receiving concordant 

PECs was significantly higher for older patients and for patients with hematological cancer in 

comparison with the patients in the other subgroups. No significant difference in cause-specific 

hazard rate of receiving concordant PECs between the surgery subgroups was detected. Based 

on the unweighted cumulative incidence curves, the cause-specific hazard rate of receiving 

concordant PECs was significantly higher for patients with active cancer than for patients with 

not active cancer or patients without cancer. However, this difference was not detected based 

on the weighted cumulative incidence curves. Overall, it could be concluded that discrimination 

of patients based on age, cancer type, cancer status or surgery type by clinicians doesn’t seem 

plausible.  
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1 Introduction 
 

An intensive care unit (ICU) is a department in a hospital that is specialised in treating patients 

with life-threatening conditions. These are, for example, patients that went through major 

surgery, had a severe accident, have cardiac problems, severe pneumonia or sepsis, are in a 

coma, are paralyzed, etc. In order to be able to treat these patients, well-educated and trained 

doctors and nurses are needed.  

 

Life-supporting therapy should only be provided to a patient when the following two conditions 

are met. Firstly, the patient and his relatives should be well informed about the treatment and 

the associated risks and the level of care must be in accordance with the patient’s wishes and 

preferences. Secondly, the treatment intensity should remain proportional to the expected result. 

However, Teno J.M. et al. (2013) [1] showed that 1 in 3 patients die shortly after ICU treatment, 

which raises the question if the level of care given to patients is too high (overtreatment) or too 

low (undertreatment).  

 

In this study, the focus lies on possible overtreatment of patients. Several risks are associated 

with overtreatment. Firstly, if too much care is given, it is possible that unnecessary suffering 

is added to the patient and the family members. Secondly, healthcare providers also want the 

level of care they are providing to be appropriate. If they see that their patients die during the 

ICU-stay or shortly after, they may feel like they have failed and their motivation may decrease 

which may eventually lead to burn-outs. Thirdly, as ICUs are costly because of high technology 

and highly specialized personnel, it is important that the units work efficiently. Deciding how 

much money should be invested in the last years of life, knowing that the costs increase as the 

duration of care increases, is a difficult ethical issue.  

 

An indication of possible overtreatment of patients, is the number of perceptions of excessive 

care (PECs) they receive from the clinicians. The multicenter study by D.D. Benoit et al. (2018) 

showed that the probability that a patient is dead, not at home or has a poor quality of life, one 

year after ICU admission, is much higher when the patient received a PEC by two or more 

clinicians independent from each other (concordant PECs) in comparison with a patient who 

didn’t receive two or more PECs [2]. 
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For this study, several subgroups of patients are considered: age subgroups (< 75 year old,  

≥ 75 year old), cancer type subgroups (no cancer, hematological cancer, solid tumor), cancer 

status subgroups (no cancer, active cancer, not active cancer) and surgery subgroups  

(no surgery, scheduled surgery, unscheduled surgery). The goal of this study is to look for hints 

of discrimination of the patients based on age, cancer status, cancer type or surgical status by 

the clinicians. For example: do clinicians give up on older patients or patients with cancer more 

quickly than on younger patients or patients without cancer, when other factors related to a bad 

outcome are equal? Is there a difference in time until treatment limitation decision (TLD) 

registration?  

 

In order to be able to answer all these questions, the following items were studied for all 

subgroups: 1) the number of received PECs, 2) the predictive value of PECs with regard to the 

patient’s condition after one year, 3) cumulative incidence curves (for the time from admission 

until the 2nd PEC, for the time between the 2nd PEC and death or combined endpoint and for the 

time between the 2nd PEC and TLD) and 4) the (cause-specific) hazard rates of receiving 

concordant PECs, of TLD registration and of dying. To adjust for background characteristics, 

inverse propensity score weighting was applied and weighted cumulative incidence curves 

could be constructed. The propensity score is defined as the estimated conditional probability 

for a patient to belong to his own subgroup given the patient’s characteristics.  

 

This thesis has been split up in 8 parts. A description of the dataset is given in chapter 2. The 

theoretical background of the applied methods has been discussed in chapter 3. Chapter 4 

explains how discrimination is defined and how it can be evaluated based on the available data. 

A univariate description of the data has been presented in chapter 5. The risk of death within 

28 days, the risk of death within 1 year, the risk of reaching the combined endpoint and the risk 

of TLD for the different subgroups has been discussed in chapter 6. Finally, the cumulative 

incidence curves, the weighting process and the weighted cumulative incidence curves have 

been discussed in chapters 7, 8 and 9.  

 

Figures and tables shown in the thesis, are referred to as “Figure x” and “Table y”. If the tables 

and figures are shown in the appendix, they are referred to as “App Figure x” and 

“App Table y”. All analyses in this thesis have been done using R version 3.5.0.   



3 

 

2 Description of the dataset 
 

2.1 How was the dataset obtained? 

 

A 28-day observational study was executed in 68 ICUs spread across the USA and  

12 European countries (Belgium, Czech Republic, Denmark, France, Germany, Greece, 

Hungary, Italy, Portugal, Sweden, The Netherlands, United Kingdom). During those 28 days, 

clinicians working at the ICUs completed a daily anonymous questionnaire about their 

perception of disproportionate care for each of their patients. Disproportionate care was defined 

as care that is provided against the patient’s wishes or that is no longer consistent with the 

expected survival or the expected quality of life. Many other patient characteristics were 

registered as well: age, gender, ECOG performance status, number and type of comorbidities, 

main admission reasons, ICU mortality, length of stay at the ICU, if the patient had a drinking 

or drug problem, presence of a do-not-resuscitate (DNR) order before admission and if a TLD 

was officialized or not.  

 

One year after the ICU stay, an interviewer collected information about the vital status, place 

of residence and quality of life of the patients. If a patient was either dead, didn’t live at home 

anymore or had a poor quality of life after one year, then it was said that the patient has reached 

the combined endpoint (CEP). If the patient was still alive, at home and had a good quality of 

life, the combined endpoint wasn’t reached. This variable, the combined endpoint, is the 

primary outcome variable for this study.  

 

Besides patient characteristics, the dataset also contains ICU, hospital, clinician and country 

characteristics. One of the ICU characteristics is the ethical work climate in the ICU. There are 

four types of ethical climates: a good climate, an average(+) climate (with involvement of 

clinicians at the end of life), an average(-) climate (without involvement of clinicians at the end 

of life) and a poor climate. The better the ethical climate, the more comfortable the clinicians 

feel about giving their opinion to colleagues and superiors and the more their opinion is valued 

and also integrated into decision making processes. 
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The multicenter study by D.D. Benoit et al. (2018) [2], which was based on the same data as 

the current study, showed that the ICU mortality and length of stay in the average(-) climate 

differs from the other climates. It was concluded that the attending physicians in  

average(-) climates included patients in the study in a dissimilar way to physicians in good, 

average(+) and poor climates and that selection bias was therefore present (see App Table 1). In 

order to avoid problems due to this selection bias, it was decided for the current study to exclude 

all patients that were admitted at an ICU with an average(-) ethical climate (120) and to do the 

study based on the available information of the remaining 1641 patients.   

 

 

2.2 Some important variables 
 

In order to get a better feel of the data, some important variables will be discussed here. A first 

series of important variables are the ones that are responsible for dividing the 1641 patients in 

different subgroups:  

 

 

- a variable with age group indication: < 75 year, ≥ 75 year 

- a variable with cancer type group indication: no cancer, solid tumor, hematological cancer 

- a variable with cancer status indication: no cancer, active cancer, not active cancer 

- a variable with surgery type indication: no surgery, scheduled surgery, unscheduled surgery 

 

When a patient is in a really bad condition, it is possible that doctors decide to stop or to limit 

treatment. The dataset contains a binary variable with value 1 if a TLD has been registered and 

0 otherwise.  

 

In this study, a distinction was made between patients who did or did not receive a PEC by  

two or more clinicians independently from each other (concordant PECs). Therefore a  

binary variable has been created with value 1 if the patient has received concordant PECs  

and 0 otherwise.  

 

A final series of variables indicate a time period: time from admission until receiving  

the 2nd PEC, time between receiving the 2nd PEC and death or CEP and time between receiving 

the 2nd PEC and TLD. Those variables will be used to construct cumulative incidence curves. 

The dataset contains many more variables, but they will not be discussed in further detail here.   
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3 Methods 
 

3.1 Survival analysis 

 

3.1.1 Time, event, censoring and censoring assumptions 

 

Survival analysis is the analysis of data for which the outcome variable of interest is the time 

until a certain event occurs (also called “the survival time”). Very often, survival analysis has 

to take censoring into account. Censoring occurs when there is some information about an 

individual’s survival time, but the exact survival time is unknown. In most cases,  

right-censoring will be present: the observed survival time is shorter than the true survival 

time (see Figure 1) . There are generally three reasons why right-censoring occur:  

 

- The individual does not experience the event before the end of the study period. 

- An individual is lost to follow up during the study period. 

- An individual withdraws from the study before the end of the study period.  

 

  

 Figure 1: Schematic presentation of right censoring [3]. 

 

Often occurring assumptions about censoring are random censoring and independent censoring: 

 

- Random censoring means that the individuals who are censored at time t are 

representative for the individuals who remained at risk at time t with respect to their 

survival time. Subjects at risk are subjects who have not experienced an event (yet) and 

who are not censored (yet). Assuming random censoring therefore means assuming that 

the event rate at time t is equal to the event rate at time t given that censoring has not 

occurred yet [4].  
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- Independent censoring means that, within any subgroup of interest, the individuals who 

are censored at time t are representative for the individuals in that subgroup who 

remained at risk at time t with respect to their survival time. Independent censoring is 

actually equal to random censoring within any subgroup of interest [3]. 

 

 

3.1.2 Survivor function and hazard function 

 

The random variable for an individual’s time-to-event is denoted by T. An observed value  

or a value of interest for the time-to-event is denoted by t. Two possible ways to describe  

time-to-event data are the survivor function S(t), with focus on the event not happening and the 

hazard function h(t), with focus on the event happening.  

 

The survivor function gives the probability that an individual doesn’t experience the event 

before a specific time t and is described as:  

 

( ) ( )S t P T t=     

 

In this study however, the focus lies on the hazard function which is described as: 

 

( )
 

0

|
lim
t

P t T t t T t
h t

t →

   + 
=  

 

 

 

The hazard function, also called the conditional event rate, gives the instantaneous  

probability for the event occurring at time t, per time unit, given that the event didn’t occur 

before time t [3]. 

 

 

 

 

 

 

 



7 

 

3.1.3 Cox proportional hazard model 
 

a) The model 

 

The hazard function can also be described by making use of the Cox proportional hazard model:  

 

( ) ( ) ( ) ( )0 1 1 2 2 0

1

| . exp . . ... . . exp .
p

p p j j

j

h t x h t x x x h t x   
=

 
= + + + =  

 
   

 

with: t = time 

 h(t)    = hazard function 

 h0(t)   = baseline hazard 

 xj = covariate 

 βj = regression coefficient (measures the impact of covariate j) 

 p = total number of covariates in the model 

 

 

If all x’s are zero (or if no x’s are present), the hazard rate equals the baseline hazard: 

( ) ( ) ( )0

0 0| .h t x h t e h t= = . This baseline hazard is a function of the time t. The Cox proportional 

hazard model is a semi-parametric model as it doesn’t make any assumptions about the form of 

the baseline hazard function but it does assume a parametric form for the effect of the predictors 

on the hazard (they enter the model linearly at the logscale and the coefficients are independent 

from the time). The Cox proportional hazard model can be fitted to the data and coefficient 

estimates can be obtained by maximizing the partial likelihood function. The partial likelihood 

function is described as follows:  

  

1

k

j

j

L L
=

=  with: L = likelihood function 

  Lj = likelihood of experiencing the event at the jth event time 

given the event didn’t occur before 

  k = total number of observed event times 

 

This partial likelihood function only takes the likelihoods for the observed event times into 

consideration. These depend however on the number of subjects at risk, which will decrease as 

time goes by (subjects who experience the event or subjects who are censored are no longer at 

risk).  
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The advantage of the semi-parametric model is that no (possibly wrong) assumption about the 

form of the baseline hazard needs to be made. The disadvantage however is that the resulting 

estimates may not be as efficient as the maximum likelihood estimates when a complete 

parametric model would be used [3].  

 

 

b) Hazard ratio and proportional hazard assumption 

 

In order to compare the hazard rate or conditional event rate between two subjects A and B with 

( )1 2, , ... ,A A A A

px x x x=  and ( )1 2, , ... ,B B B B

px x x x=  respectively as sets of predictors, the hazard 

ratio between these two subjects can be estimated as follows:  

 

( )
( )

( )

( )
( )

0

1

/

1

0

1

ˆ. exp .ˆ |
ˆˆ exp .

ˆ | ˆ. exp .

p
A

A j j p
j A B

A B j j jB p
jB

j j

j

h t x
h t x

HR x x
h t x

h t x







=

=

=

 
 

  = = = − 
   
 
 






 

 

As can be seen in the formula above, the baseline hazard is cancelled out and the estimated 

hazard ratio /
ˆ

A BHR  is not a function of the time t. The hazard rate for subject A is a constant 

multiple of the hazard rate for subject B.  

 

If 
/

ˆ 1A BHR  : hazard rate for subject A is larger than for subject B. 

If 
/

ˆ 1A BHR = : hazard rate for both subjects is the same. 

If 
/

ˆ 1A BHR  : hazard rate for subject B is larger than for subject A. 

 

The hazard rates for both subjects can change as times goes by, but the ratio is constant. Using 

the Cox model therefore always implies the assumption of proportional hazards.  

 

Imagine only one exposure variable (with value 0 for no exposure and value 1 for exposure) is 

present in the Cox model. The hazard ratio between an exposed subject A and an unexposed 

subject B can then be estimated as follows:  
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( )
( )

( ) ( )
( ) ( )

( )
0 1

/ 1

0 1

ˆˆ . exp . 1|
ˆˆ exp

ˆ ˆ| . exp . 0

A

A B B

h th t x
HR

h t x h t





= = =  

 

The hazard ratio is then the exponential of the estimated regression coefficient 1̂ . To test 

whether there is a significant difference in hazard rates between the two individuals, a Wald 

test can be executed:  

 

 

( )

( )

( )

0 1

1

1

1

: 0 1

: 0 1

ˆ
:

ˆ

a

W

H equivalent to HR

H equivalent to HR

Test statistic z
SE









= =

 

=

  

 

If the null hypothesis can be rejected, it can be concluded that
1 is significantly different 

from 0, the hazard ratio is significantly different from 1 and that there is a significant difference 

between the hazard rates of the two subjects. A log rank test can also be used to compare hazard 

rates (see section 3.1.5).  

 

A Cox proportional hazard model can be fitted to the data using the function “coxph()”  

from the package “Survival” in R. With this function, the coefficient estimates, their standard 

errors, the results of the Wald tests and the result of the log rank test can be obtained [3] [5] [6]. 

 

 

c) Assessing proportional hazard assumption – scaled Schoenfeld residuals 

 

If the proportional hazard assumption for the Cox model is not met, the coefficient estimates 

may be biased. Therefore, it is important to check whether the assumption is reasonable before 

using the model. This can be done by analysing the scaled Schoenfeld residuals for each 

covariate.  The scaled Schoenfeld residuals at time t for covariate j can be calculated as follows:  
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1. Calculate for each individual i the difference between the covariate value xij and 

the weighted mean of the covariate values for all individuals at risk at time t. 

Individuals at risk at time t are the individuals who have not experienced the event 

yet and who are not censored (yet) at time t. 

2. The Schoenfeld residuals, for each covariate j, are obtained by summing these 

differences over the subjects who experience the event at time t  

3. The scaled Schoenfeld residuals sj are obtained by dividing the Schoenfeld  

residuals by the variance of the estimated regression coefficient βj. 

 

These scaled Schoenfeld residuals are calculated for every coefficient βj at every time t. 

Grambsch and Therneau (1994) showed that ( ) ( )ˆ
j j jE s t +  . The proportional hazard 

assumption implies that the regression coefficients βj don’t vary in function of the time. This 

implies on its turn that ( )ˆ
j j t =  and that the expected value of the scaled Schoenfeld 

residuals ( )jE s  equals to zero. This is the case if there is no significant relationship between 

the scaled Schoenfeld residuals and time.  

 

Assessment of the proportional hazard assumption can therefore be done by testing if there  

is a significant relationship between the scaled Schoenfeld residuals and time or not. When  

plotting the scaled Schoenfeld residuals in function of the time, no trend should be observed.  

A non-zero slope of the smoothing spline fit indicates violation of the assumption [6] [7] [8]. 

 

 

d) Aalen’s additive hazard model 

 

If the proportional hazard assumption doesn’t hold and the Cox proportional hazard model can’t 

be used, Aalen’s additive hazard model may be a good alternative. The hazard function here is 

described as:  

 

( ) ( ) ( ) ( ) ( ) ( )0 1 1 0

1

| . ... . .
p

p p j j

j

h t x t t x t x t t x    
=

= + + + = +   
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With: t = time 

 h(t)    = hazard function  

 β0(t) = baseline hazard function 

 xj = covariate 

 βj(t) = regression coefficient (j ≠ 0) 

 p = total number of covariates in the model 

 

 

One of the advantages of this model is that it allows for the regression coefficients βj(t) to change 

over time. As no assumption has been made about the functional forms of these regression 

functions βj(t),  Aalen’s additive model is a non-parametric model.  

 

In order to interpret β1(t), the hazard rate has been described for two individuals who have the 

same values for all covariates except for covariate x1 (a one unit difference): 

 

Individual 1: ( ) ( ) ( ) ( )1 0 1 1| . ... .p ph t x t t x t x  = + + +  

Individual 2: ( ) ( ) ( )   ( )2 0 1 1| . 1 ... .p ph t x t t x t x  = + + + +

( ) ( ) ( ) ( )0 1 1 1. ... .p pt t x t t x   = + + + +  

Difference in hazard rate:    ( ) ( ) ( ) ( )2 1 1| | |h t x h t x h t x t = − =  

 

The coefficient β1(t) can be interpreted as the change in hazard rate if there is a unit increase in 

covariate x1 when all other covariates are kept constant.  

 

Imagine now that only one covariate xA is present in the model. xA has a value 1 or 0 if the 

individual belongs to group A or B respectively. The hazard functions for both individuals are 

described as:  

 

( ) ( ) ( )

( ) ( )

0

0

: |

: |

i A

i

individual in group A h t x t t

individual in group B h t x t

 



= +

=
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The hazard ratio between these two is then:    

 

( ) ( )

( )
0

0

A

B A

t t
HR

t

 



+
=  

 

Testing if βA(t) = 0 is equivalent to testing if the hazard ratio is equal to one (the same test as 

was done with the Cox proportional hazard model) [9].  

 

Aalen’s additive hazard model can be fitted to the data using the function “aalen()” from the 

package “timereg” in R.  

 

 

3.1.4 Dealing with competing risks 

 

a) Cause-specific hazard function 

 

In previous sections, it was always assumed that there was only one event that could occur. 

However, this is not always the case. When several different events are possible, but only one 

of these events can occur for a subject, then these events are called “competing events”.  

A general approach for analysing competing risk data, is to estimate hazard rates and hazard 

ratios for the event of interest and to treat the competing events as censored. The cause-specific 

hazard function is here defined as:  

 

( )
 

0

|
lim

c

c
t

P t T t t T t
h t

t →

   + 
=  

 
 

 

Tc is a random variable and denotes the time to event c. The cause-specific hazard function hc(t) 

gives the instantaneous rate of event c at time t, given no event occurred before time t. The Cox 

cause-specific proportional hazard model is described as:  

 

( ) ( )0

1

| . exp .
p

c c jc j

j

h t x h t x
=

 
=  

 
  

 

It needs to be noticed here that the regression coefficient for the jth predictor is also subscribed 

by c, indicating that the effect of the predictors may be different for different events [3] [10].  
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b) Independence assumption 

 

When, within any subgroup of interest, individuals who are censored at time t are representative 

of all individuals in that subgroup who remained at risk, then censoring is independent.  

A complication when studying competing risk data is that there are different types of censoring. 

First, there is the usual censoring in case the event didn’t occur before the end of the study, if a 

subject withdraws from the study or if a subject is lost to follow up. In addition, when there are 

competing events, only one event at the time can be studied and the competing events are also 

considered as censoring. However the subjects who experienced a competing event are 

censored, no independent censoring assumption is needed as all the necessary information is 

available: it is known that the subject experienced a competing event and the time at which the 

event occurred is also known [3].  

 

 

c) Cumulative incidence 

 

A good approach for analysing competing risk data is to calculate cumulative incidences and to 

construct cumulative incidence curves. The incidence of an event at time t is an estimate for the 

marginal probability of that event occurring at time t when competing events are present. The 

incidence can be estimated as follows:  

 

1. Estimate the hazard at time t for the event of interest ( )ˆ
ch t  (= the number of 

events of interest occurring at time t divided by the number of subjects at risk 

at time t). 

2. A subject can only experience the event of interest at time t if the subject didn’t 

experience any other event (event of interest or competing event) at the previous 

time t’ = t-1 or wasn’t censored at the previous time t’. The estimated probability 

of “surviving” the previous time t’ is denoted by ( )ˆ 'S t . (Survival refers to 

overall survival instead of cause-specific survival.) 

3.  The estimated marginal probability or incidence of the event of interest 

occurring at time t is the product of ( )ˆ
ch t  and ( )ˆ 'S t .  
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If there are only competing events (no recurring events and no left-censoring), then the 

cumulative incidence of the event of interest at time t can be estimated by the cumulative 

percentage (= the cumulative number of events of interest until time t, divided by the total 

sample size) [3] [11].  

 

 

3.1.5 Log rank test 

 

In order to compare the hazard functions between two or more groups of subjects, the non-

parametric log rank test can be executed. The null hypothesis and alternative hypothesis are:  

 

( ) ( ) ( )

( )

0 1 2: ....

:

p

a

H h t h t h t

H at least two h t are different

= = =
 

 

First, consider the following situation at time t (see also Table 1): there are only two groups A 

and B, the number of subjects at risk in each group are NA and NB, the total number of subjects 

at risk is N = NA + NB, the number of subjects in each group experiencing the event of interest 

are OA and OB and the total number of subjects experiencing the event is O = OA + OB.  

 

Table 1: Number of subjects at risk and number of subjects experiencing the event of interest for groups A and B.  

 

 

 

Under the null hypothesis, OA follows a hypergeometric distribution: 

 

( )

.
A A

A

N OO

N Ox
P O x

N

O

−  
  

−   = =
 
 
 

 and 

( ) .A A

O
E O N

N
=  

( )
( )

( )2

. . .

. 1

A B

A

N N N N O
Var O

N N

−
=

−
 

 

Number of subjects 

experiencing the event

Number of subjects 

at risk

Group A OA NA

Group B OB NB

Total O N
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The log rank test statistic is then defined as:    

( )

( )

log

end

start

end

start

t

A A

t t

rank
t

A

t t

O E O

z

Var O

=

=

−  

=





  

 

Under the null hypothesis ( )log 0,1rankz N  or  2 2

log 1rankz  . When the observed test statistic 

is larger than the cut-off value, the null hypothesis can be rejected and the hazard functions for 

both groups are not the same.  

 

When more than two groups are compared, the test is based on a multivariate version of the 

hypergeometric distribution. The test statistic 
2

log rankz then follows a ² -distribution with the 

number of degrees of freedom equal to the number of considered groups minus one [12] [13]. 

 

 

3.1.6 Application in study 

 

For this study, three events were of interest: receiving concordant PECs, TLD registration after 

receiving concordant PECs and reaching the combined endpoint after receiving concordant 

PECs. When analysing the time to event, censoring and possible competing risks were taken 

into account.  

 

For the time from admission until receiving concordant PECs:  

 

- Right censoring occurs when a patient didn’t receive concordant PECs before the end 

of the study (after 28 days).  

- There are two competing risks:  

1) The patient can be discharged from the ICU before he received concordant PECs. 

2) The patient may have died before he received concordant PECs. 

- For 42 patients who did not receive concordant PECs, the discharge day or time of 

death was unknown. These patients were considered as censored at the first day of the 

study.  
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For the time from receiving concordant PECs until TLD registration: 

 

- Right censoring occurs when a patient didn’t have a TLD registration before the end 

of the study.   

- There are two competing risks:  

1) The patient can be discharged from the ICU before a TLD was registered (the 

discharge day for all patients with concordant PECs was known). 

2) The patient may have died before a TLD was registered. 

 

 

For the time from receiving concordant PECs until reaching the combined endpoint: 

 

- Right censoring occurs when a patient didn’t reach the combined endpoint one year 

after his ICU stay.  

- There are 8 patients who are lost to follow up. It is unknown whether those patients 

have reached the combined endpoint or not. These patients are censored at  

time = discharge day – day of receiving concordant PECs.  

- There are no competing events. 

 

 

In order to compare the hazard rates of the events between different subgroups Cox (cause-

specific) proportional hazard models were fitted to the data. Only one predictor was included 

in the models: the group indicator variable (= the variable responsible for the division of the 

patients in the age, cancer type, cancer status and surgery subgroups).  
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3.2 Inverse propensity score weighting 

 

3.2.1 Experimental data versus observational data 

 

A study can be based on experimental data from a randomised trial. The individuals 

participating in the study are randomly divided over two or more groups and a certain treatment 

is assigned to each group. Because of the randomization, there are no confounding issues. 

Randomized trials can however not always be carried out due to practical or ethical reasons.  

A lot of studies are therefore based on observational data, as was the case for this study. 

Information about patients, hospitals and clinicians was obtained during a certain time span. 

Based on patient characteristics, different subgroups were formed. The goal was to study the 

link between group membership and the outcome variable CEP. However, because no 

randomization process is involved, there may be confounding issues. For example, if there are 

more male patients in the first group than there are in the second group, then the association 

between group membership and CEP may be influenced by gender. In order to correct for 

systematic differences in background characteristics between the groups (confounders), inverse 

propensity score weighting was applied.  

 

 

3.2.2 Propensity score 

 

The basic idea of propensity score methods is to replace, for each patient in the study, all 

confounding background characteristics by one summarizing characteristic, called the 

propensity score. The propensity score for a patient is the probability that that patient belongs 

to a certain group given his set of covariates: 

 

( ) ( )|A i iPS x P group A X x= = =   

 

The first step towards estimating the propensity scores is to find out which of the 

observed variables may be confounders. In this study, confounding variables are  

variables that are associated with the outcome variable CEP and with group membership. As 

CEP is a binary variable, logistic regression can be used to find variables that are associated 

with CEP. Next, multinomial logistic regression can be used to find out which of those variables 

are also associated with group membership. Finally, a multinomial logistic regression model, 

with the confounding variables as predictors, is used to estimate the propensity score [14] [15]. 
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3.2.3 Inverse propensity score weighting 

 

The weight for an individual is obtained by taking the inverse of the propensity score for the 

group to which the individual belongs: 

 

( ) ( )
1 1

:
|

i

A i i

i group A W
PS x P group A X x

 = =
= =

 

 

By applying inverse propensity score weighting a pseudo-population is created in which the 

covariates and the exposure variable are independent and therefore no confounding is present 

(a property that is also expected under randomization).  

 

The reason for choosing the inverse of the propensity score as weight for each patients, it that 

the inverse probability weighted mean equals the counterfactual mean, assuming conditional 

exchangeability holds [16].  

 

This equality can be described as follows:  

 

( )

( )

.

|
g

I group g Y
E E Y

P group g X x

 =
 =   = = 

 

 

( )I group g=  has value 1 if a subject belongs to group g and has value 0 otherwise, Y is the 

binary outcome variable, ( )|P group g X x= =  gives the probability for a subject to belong to 

group g given his set of covariates x (= the propensity score) and finally gY  is the counterfactual 

outcome variable Y (outcome that would have been observed if the subject would have 

belonged to group g). Assuming conditional exchangeability means in the current study that, 

given the same set of covariates, patients in different subgroups are exchangeable (the same 

outcome is expected if group membership should be different). Because of the equality 

described above, it is possible after weighting to estimate the average group effect as if all 

subjects belonged to group A or B or etc. Specifically for this study it is for example possible 

to estimate the proportion of patients who should have received concordant PECs by the end of 

the study if every patient had active cancer (as if patients without cancer and patients with not 

active cancer would be replaced by patients with active cancer who have the same 

characteristics) [15] [16] [17] [18]. 
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3.2.4 Disadvantages of inverse propensity score weighting 

 

The use of propensity scores also has some limitations or disadvantages. Firstly, it can only be 

used to adjust for the observed confounding variables, this in contrast to randomization which 

tends to balance out the distribution of all observed and unobserved variables. Secondly, if the 

(multinomial) logistic regression model used to estimate the propensity scores is not completely 

correct, the results may be biased. Lastly, in some cases very large weights are obtained which 

can cause an imbalance of the covariates between different groups again. A possible ad hoc 

solution is trimming the extremely high weights at the 95th percentile of the weights [19].    
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4 Discrimination 
 

4.1 Indications of discrimination 

 

The original meaning of the word “discrimination” is “making a distinction”. Over the course 

of the years however, the word got a more negative connotation in social and legal context. The 

meaning of the word changed into “making an unjustified distinction” (i.e. discrimination based 

on race or religion). In this study, the word “discrimination” is used in its original meaning.  

 

Based on the available information for this study, it is impossible to conclude if clinicians do 

or do not discriminate between patients based on their age, cancer type, cancer status or  

surgery type. Additional information is needed (interviews with clinicians, the opinion of 

anthropologists, …). Based on the available dataset, it is only possible to look for some trends 

that would be expected if there was discrimination.  

 

Imagine that a subgroup of patients was discriminated (concerning the level of care) by 

clinicians, then the following two trends should be observed: 

 

Trend A: The proportion of patients who received concordant PECs or the rate of 

receiving those concordant PECs is significantly higher/lower in the 

discriminated subgroup than in the other subgroups of patients.  

Trend B: After receiving concordant PECs, the patients in the discriminated subgroup 

are treated differently than the patients in the other subgroups. The 

proportion of patients with a TLD registration or the rate at which TLDs were 

registered is significantly higher/lower for the discriminated subgroup of 

patients than for the other subgroups of patients.  

 

So, if there is discrimination concerning the level of care, trend A and trend B should be 

observed. However, it is not because trend A and trend B are observed that it can be concluded 

that there is discrimination. Observing both trends only means that discrimination may be possible.  

 

 

 



21 

 

4.2 How to detect indications of discrimination? 
 

In order to check if trend A was observed, the following things were studied:  

 

- Differences between subgroups in proportion of patients who received concordant PECs 

(see univariate analysis – section 5) 

 

- Unweighted and weighted cumulative incidence curves for the time from admission 

until receiving concordant PECs (see sections 7 and 9). 

 

In order to check if trend B was observed, the following things were studied:  

 

- Differences in risk of TLD registration by the end of the study between subgroups (see 

section 6.5) 

 

- Unweighted and weighted cumulative incidence curves for the time from receiving 

concordant PECs until TLD registration (see sections 7 and 9). 

 

The cumulative percentage of patients receiving concordant PECs was calculated relative to the 

total number of patients in the subgroup. The cumulative percentage of patients with a TLD 

registration was calculated relative to the number of patients with concordant PECs in that 

subgroup.  

 

As the point of interest lies in the possible difference in care after receiving concordant PECs, 

patients with a TLD registration before receiving concordant PECs were not considered for the 

cumulative incidence curves to check for the presence of trend B. 

 

Hazard rates and cumulative incidences for different subgroups were compared by:  

 

- visually analysing the cumulative incidence curves, 

- estimating the cause-specific hazard ratios (based on the Cox proportional hazard 

model which only included one predictor: the group-indicator variable) and the 

associated 95 % confidence intervals, 

- executing a log rank test. 
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Cause-specific hazard ratios are used to compare two groups at the time. Therefore, a reference 

group within each type of subgroups has been chosen: 

 

- for age subgroups:     < 75 year 

- for cancer type subgroups:   no cancer 

- for cancer status subgroups:   not active cancer 

- for surgery subgroups:   scheduled surgery 

The remaining groups are always compared to the reference group (the group with the lowest 

incidence for receiving concordant PECs).   
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5 Univariate description: differences between subgroups  
 

5.1 Studied subgroups 

 

The 1641 patients in the study were divided into four types of subgroups (based on age, cancer 

type, cancer status or surgery type). An overview of the number of patients in each subgroup 

has been presented in Table 2. The first step was to do a univariate analysis, to check whether 

there are significant differences between the subgroups when only one variable at the time is 

considered. When this variable is categorical, a Pearson’s X²-tests or Fisher’s exact tests was 

executed. When the variable is continuous, a Kruskal-Wallis test or Wilcoxon rank sum test 

was used.  

 
Table 2: Overview of number of patients in each subgroup. 

 

 

 
5.2 Differences between age subgroups 

 

The results of all statistical tests that compare the age subgroups (< 75 year old and  ≥ 75 year 

old) have been presented in App Table 2 and App Table 3. In what follows, a selection of the 

differences will be discussed.  

 

There are significantly more males present in the group with younger patients than in the group 

with older patients (60.6 % vs. 54.6 %). Older patients tend to have significantly more moderate 

to severe comorbidities (17.5 % vs. 9.2 % with two or more comorbidities). When looking at 

the type of comorbidities, it could be concluded that significantly more old patients have heart 

failure (20.5 % vs. 8.8%), COPD (14.6 % vs. 10.6%) and dementia (5.7 % vs. 1.3 %) and that 

significantly more young patients have hematological malignancy (6.5 % vs. 3.0 %) and liver 

cirrhosis (6.2 % vs. 1.2 %). Active smoking and drinking tend to occur more with younger than 

with older patients (21.4 % vs. 6.4% for smoking and 13.7 % vs. 3.0 % for drinking).  

Type of subgroups

< 75 year old: ≥ 75 year old:

1236 405

No cancer: Solid tumor: Hematological cancer:

1254 299 88

No cancer: Active cancer: Not active cancer:

1254 117 270

No surgery: Scheduled surgery: Unscheduled surgery:

1070 207 364

Number of patients in each subgroup

Surgery

Cancer status

Cancer type

Age
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The results in App Table 10 showed that the proportion of patients who received concordant 

PECs is significantly higher for older patients than for younger patients (13.6 % vs. 8.5 %,  

p-value = 0.0038). The estimated difference in risk of receiving concordant PECs is 5.1 % with 

associated 95 % confidence interval [1.2 %, 8.9 %].  

 

 

5.3 Differences between cancer type subgroups 

 

The results of all statistical tests that compare the cancer type subgroups (no cancer, 

hematological cancer, solid tumor) have been presented in App Table 4 and App Table 5. In 

what follows, a selection of the differences will be discussed.  

 

It appears that patients with hematological cancer are treated more often (39.8 %) in an ICU 

with a good ethical climate than patients without cancer (19.2 %) or patients with a solid tumor  

(15.1 %). As expected, there is also a significant difference in main admission reasons. Patients 

without cancer are for example more often admitted due to heart failure (19.5 % vs. 8.7 % and  

10.2 %), neurological issues (12.5 % vs. 6.0 % and 8.0 %), multiple trauma (7.3 % vs. 1.3 % 

and 0.0 %) or head trauma (4.4 % vs. 1.0 % and 0.0 %). Patients with hematological cancer on 

the other hand are more often admitted because of sepsis (51.1 % vs. 17.7 % and 18.0 %). 

Another remarkable difference is that there are far fewer smokers among the patients with 

hematological cancer (1.1 %) than among the patients without cancer (19.2 %) or among the 

patients with a solid tumor (16.1 %). Alcohol problems seem to occur more often with patients 

without cancer (13.2 % vs. 4.3 % and 3.2 %). It could also be concluded that there is a 

significant difference between the three subgroups in ECOG performance status and in surgery 

category (no surgery, scheduled or unscheduled surgery).  

 

The results in App Table 11 showed that 13.6 % of the patients with hematological cancer,  

11.4 % of the patients with a solid tumor and 9.1 % of the patients without cancer received 

concordant PECs. Based on this data, it could not be concluded that there is a significant 

difference in the proportion of patients with concordant PECs between the cancer type 

subgroups (p-value = 0.2206). This was also confirmed by the results of the pairwise 

comparisons (see App Table 11). Every 95 % confidence interval for the estimated difference 

in risk of concordant PECs contained the value 0, indicating that no significant difference in 

risk was detected.  
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5.4  Differences between cancer status subgroups 

 

The results of all statistical tests that compare the cancer status subgroups (no cancer, active 

cancer and not active cancer) have been presented in App Table 6 and App Table 7. In what 

follows, a selection of the differences will be discussed.  

 

As expected, there is a significant difference in main admission reasons between the cancer 

status subgroups. There are for example more patients without cancer that are admitted due to 

heart failure (19.5 % vs. 9.4 % and 8.9 %), neurological issues (12.5 % vs. 6.8 % and 6.3 %), 

multiple trauma (7.3 % vs. 0.0 % and 1.5 %) or head trauma (4.4 % vs. 0.9 % and 0.7 %) and 

there are more patients with active or not active cancer that are admitted because of sepsis 

(29.1 % and 24.8 % vs. 17.7 %). There are also more patients without cancer that have alcohol 

(13.2 % vs. 0.9 % and 5.2 %) or smoking problems (19.2 % vs. 8.5 and 14.4 %).  

 

A remarkable result is that significantly less patients with active cancer have a DNR-order 

before admission (74.4 % vs. 90.3 % for patients without cancer and 90.4 % for patients with 

not active cancer). On the other hand, it was also noticed that the proportion of patients who 

have a written withholding or withdrawing order within 24 hours after admission is larger in 

the group of patients with active cancer (9.4 % vs. 4.0 % for patients without cancer and 2.2 % 

for patients with not active cancer). There is also a significant difference between the three 

subgroups in ECOG performance and in type of surgery (no surgery, scheduled or unscheduled 

surgery).  

 

The results in App Table 13 show that 9.1 % of the patients without cancer, 8.1 % of the patients 

with not active cancer and 20.5 % of the patients with active cancer have received concordant 

PECs and that these differences between the three groups were significant (p-value = 0.0002). 

The results of the pairwise comparisons have been presented in App Table 14. It could be 

concluded that there is a significant difference in the proportion of patients with concordant 

PECs between the group of patients without cancer and active cancer (p-value = 0.0002) and 

between the group of patients with active cancer and with not active cancer (p-value = 0.0010). 

The estimated risk of receiving concordant PECs is 11.4 % [3.5 %, 19.4 %] larger for patients 

with active cancer than for patients without cancer and 12.4 % [3.7 %, 21.0 %] larger for 

patients with active cancer than for patients with not active cancer. No evidence for a significant 

difference in risk of receiving concordant PECs between patients without cancer and with not 

active cancer was found (p-value = 0.7075).  
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5.5 Differences between surgery subgroups 

 

The results of all statistical tests that compare the surgery subgroups (no surgery, scheduled 

surgery and unscheduled surgery) have been presented in App Table 8 and App Table 9. In 

what follows, a selection of the differences will be discussed. 

 

For all groups, it appears that patients go to a university hospital rather than to a public hospital. 

This contrast is the largest for patients with a scheduled surgery: 77.3 % are treated in a 

university hospital and only 11.1 % are treated in a public hospital. This difference is less 

pronounced in the other subgroups (50.3 % vs. 25.5 % for patients without surgery and  

59.1 % vs. 24.5 % for patients with unscheduled surgery). It also appears that more patients 

with a scheduled surgery are treated in large hospitals with more than 750 available beds  

(61.4 % vs. 40.9 % and 47.0 %) and that the ethical climate of the ICU is rather poor  

(60.9 % vs. 30.7 % and 46.2 %).  

 

There were also some dissimilarities in patient characteristics. When looking at the type of 

comorbidities, it appeared that significantly more patients with scheduled surgery have a solid 

tumor (44.9 % vs. 13.6 % and 18.1 %) and that significantly more patients without surgery have 

a hematological malignancy (7.8 % vs. 1.9 % and 1.4 %). Another observed trend is that patients 

without surgery have less need of invasive mechanical ventilation or a vasopressor (50.0 % vs. 

68.8 % and 73.4 %) during their ICU stay. There is also a significant difference between the 

three surgery groups in age distribution, in ECOG performance status and in reasons of 

admission at the ICU.  

 

The results in App Table 15 show that 10.6 % of the patients without surgery, 4.8 % of the 

patients with scheduled surgery and 10.2 % of the patients with unscheduled surgery have 

received concordant PECs. These differences appeared to be significant (p-value = 0.0376). 

The results of the pairwise comparisons have been presented in App Table 16. The estimated 

risk of receiving concordant PECs is 5.8 % [2.0 %, 9.5 %] larger for patients without surgery 

than for patients with scheduled surgery and is 5.4 % [0.7 %, 10.0 %] larger for patients with 

unscheduled surgery than for patients with scheduled surgery. It could not be concluded that 

there was a significant difference in risk of receiving concordant PECs between the group of 

patients without surgery and with unscheduled surgery (p-value = 0.9092).   
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6 Risk of death within 28 days, death within one year, CEP and TLD 
 

6.1 Goal and method 

 

Within the subgroups, a distinction was made between patients who did and did not receive 

concordant PECs. Fisher’s exact tests were applied to investigate whether there was a 

significant difference between the different subgroups in risk of death within 28 days, risk of 

death within 1 year, risk of reaching the combined endpoint and risk of TLD registration by the 

end of the study. It was investigated whether the same trend could be observed between patients 

with and without concordant PECs.   

 

 

6.2 Risk of death within 28 days 

 

An overview of the number of patients that have died within 28 days (during ICU stay or not) 

and the results of the Fisher’s exact tests (to test for difference in risk of death within 28 days 

between the different subgroups) have been presented in App Table 17, App Table 18, App 

Table 19 and App Table 20 for the age, cancer type, cancer status and surgery subgroups 

respectively. There were 54 patients (53 patients without concordant PECs and 1 patient with 

concordant PECs) whose situation after 28 days was unknown. These patients were not taken 

into consideration for testing possible differences between the subgroups.  

 

It could be concluded that for the patients without concordant PECs, there is a significant 

difference in risk of death within 28 days between the subgroups (p-values between 0.0005 and 

0.0320). The risk is larger for older patients (22.6 %) than for younger patients (14.9 %), is 

larger for patients with hematological cancer (32.9 %) than for patients without  

cancer (15.4 %) and patients with a solid tumor (17.4 %), is larger for patients with active  

cancer (23.7 %) than for patients without cancer (15.4 %) and patients with not active cancer 

(19.8 %) and is also larger for patients without surgery (20.9 %) than for patients with scheduled 

surgery (4.1 %) or patients with unscheduled surgery (11.9 %).   

 

When looking at the patients with concordant PECs, it could only be concluded, that there was 

a significant difference in risk of concordant PECs between the surgery subgroups  

(p-value = 0.0210). 64.6 % of the patients without surgery and 56.8 % of the patients with 

unscheduled surgery already died within 28 days, this in contrast with only 20.0 % of the 
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patients with scheduled surgery. For the age, cancer type and cancer status subgroups, no 

significant difference was detected (p-values between 0.4478 and 1).  

 

All the percentages mentioned above are expressed relative to the total number of patients in 

the subgroup (including the patient whose situation after 28 days was unknown).  

 

 

6.3 Risk of death within 1 year 

 

An overview of the number of patients who have died within one year and the results of the 

Fisher’s exact tests (to test for difference in risk of death within 1 year between the different 

subgroups) have been presented in App Table 21, App Table 22, App Table 23 and App Table 

24 for the age, cancer type, cancer status and surgery subgroups respectively. There were 241 

patients (235 patients without concordant PECs and 6 patients with concordant PECs) whose 

situation after 1 year was unknown. These patients were not taken into consideration for testing 

possible differences between the subgroups. 

 

It could be concluded that for the patients without concordant PECs, there is a significant 

difference in risk of death within 1 year between the subgroups (all p-values = 0.0005). The 

risk is larger for older patients (36.0 %) than for younger patients (25.2 %), is larger for patients 

with hematological cancer (51.3 %) than for patients without cancer (23.9 %) and patients with 

a solid tumor (37.4 %), is larger for patients with active cancer (46.2 %) than for patients 

without cancer (23.9 %) and patients with not active cancer (38.0 %) and is also larger for 

patients without surgery (32.6 %) than for patients with scheduled surgery (14.7 %) or patients 

with unscheduled surgery (21.4 %).   

 

When looking at the patients with concordant PECs, it could only be concluded that there was 

a significant difference in risk of death within 1 year between the surgery subgroups  

(p-value = 0.0310). Only 60.0 % of the patients with scheduled surgery died within 1 year, this 

in contrast with 83.2 % for patients without surgery and 75.7 % for patients with unscheduled 

surgery. For the age, cancer type and cancer status subgroups, no significant difference was 

detected (p-values between 0.5262 and 1).  

 

All the percentages mentioned above are expressed relative to the total number of patients in 

the subgroup (including the patient whose situation after 1 year is unknown).  
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6.4 Risk of combined endpoint 

 

An overview of the number of patients that have reached CEP and the results of the Fisher’s 

exact tests (to test the difference in risk of reaching CEP between the different subgroups) have 

been presented in App Table 25, App Table 26, App Table 27 and App Table 28 for the age, 

cancer type, cancer status and surgery subgroups respectively. There were 339 patients  

(331 patients without concordant PECs and 8 patients with concordant PECs) for who it was 

unknown whether they have reached the combined endpoint or not. These patients were not 

taken into consideration for testing possible differences between the subgroups. 

 

It could be concluded that for the patients without concordant PECs, there is a significant 

difference in risk of reaching the combined endpoint between the subgroups (p-values between 

0.0005 and 0.0096). The risk is larger for older patients (51.4 %) than for younger patients  

(40.1 %), is larger for patients with hematological cancer (64.5 %) than for patients without 

cancer (39.7 %) and patients with a solid tumor (49.4 %), is larger for patients with active  

cancer (58.1 %) than for patients without cancer (39.7 %) and patients with not active  

cancer (50.8 %) and is also larger for patients without surgery (47.1 %) than for patients with 

scheduled surgery (33.0 %) or patients with unscheduled surgery (35.8 %).   

 

When looking at the patients with concordant PECs, it could not be concluded that there was a 

significant difference in risk of reaching the combined endpoint between the subgroups  

(p-values between 0.1164 and 0.8856).  

 

All the percentages mentioned above are expressed relative to the total number of patients in 

the subgroup (including the patient for who it was unknown if they reached the combined 

endpoint or not).  

 

 

6.5 Risk of TLD  

 

An overview of the number of patients who registered a TLD by the end of the study and the 

results of the Fisher’s exact tests (to test for difference in risk or TLD registration between the 

different subgroups) have been presented in App Table 29, App Table 30, App Table 31 and 

App Table 32 for the age, cancer type, cancer status and surgery subgroups respectively.  
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For the patients without concordant PECs, a significant difference in risk of TLD registration 

by the end of the study has only been observed for the age subgroups and the surgery subgroups 

(p-value 3.8E-05 and 0.0005 respectively). The risk of TLD registration was larger for older 

patients (11.1 %) than for younger patients (4.7 %) and was also larger for patients without 

surgery (8.3 %) than for patients with scheduled surgery (1.0 %) and for patients with 

unscheduled surgery (3.4 %). No significant difference in risk of TLD registration was observed 

for the cancer type and cancer status subgroups (p-values 0.9790 and 0.2704 respectively).  

 

For the patients with concordant PECs, no significant difference in risk of TLD registration by 

the end of the study was observed for any of the subgroups (p-values between 0.3538 and 

0.8604).  

 

 

6.6 Remark about patients without concordant PECs 
 

For the patients without concordant PECs, whose level of care is appropriate according in the 

clinicians, it could be concluded that the mortality (risk of death within 28 days, risk of death 

within 1 year and risk of reaching CEP) was higher for older patients, for patients with 

hematological cancer, for patients with active cancer and for patients without surgery. This may 

be an indication that more patients in those subgroups should actually have received concordant 

PECs and their level of care may not have been appropriate.   
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7 Unweighted cumulative incidence curves 
 

7.1 Age subgroups  
 

The cumulative incidence curves for the time from admission until receiving the 2nd PEC for 

the age subgroups have been presented in Figure 2. A significant difference in the cause-specific 

hazard rate of receiving concordant PECs has been detected (p-value log rank test = 0.001). 

This rate is 1.75 [1.26, 2.43] times as large for older patients as for younger patients. At the end 

of the study, about 13.6 % of the older patients received concordant PECs, this in comparison 

to 8.5 % of the younger patients (see also App Table 10).  

 

 

 
Figure 2: Comparison of age subgroups – cumulative incidence curves for time from admission until receiving of 2nd PEC. 

 

 

The cumulative incidence curves for the time between receiving the 2nd PEC and TLD for the 

age subgroups have been presented in Figure 3. No significant difference in cause- 

specific hazard rate of TLD registration was observed (p-value log rank test = 0.924,  

HR = 1.03 [0.54, 1.96]). At the end of the study, 28.0 % of the younger patients and 27.5 % of 

the older patients with concordant PECs have registered a TLD (see App Table 29). It was also 

observed that most TLDs were registered within 14 days after receiving concordant PECs.  
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Figure 3: Comparison of age subgroups – cumulative incidence curves for time between receiving 2nd PEC and TLD. 

 

7.2 Cancer type subgroups 
 

The cumulative incidence curves for the time from admission until receiving the 2nd PEC for 

the cancer type subgroups have been presented in Figure 4. At the end of the study, 9.1 % of 

the patients without cancer, 13.6 % of the patients with hematological cancer and 11.4 % of the 

patients with a solid tumor have received concordant PECs (see also App Table 12). Because 

the proportional hazard assumption was not met (see App Figure 4), Aalen’s additive hazard 

model was fitted instead of the cause-specific Cox proportional hazard model. The cause-

specific hazard rate of receiving concordant PECs was significantly higher for patients with 

hematological cancer than for patients without cancer (p-value < 0.001). No significant 

difference was detected between patients with a solid tumor and patients without cancer  

(p-value = 0.665).  

 

Figure 4: Comparison cancer type subgroups – cumulative incidence curves for time from admission until receiving of 2nd PEC. 
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The cumulative incidence curves for the time between receiving the 2nd PEC and TLD have 

been presented in Figure 5. By the end of the study, 29.2 % of the patients without cancer,  

16.7 % of the patients with hematological cancer and 27.3 % of the patients with a solid tumor 

have registered a TLD (App Table 30). No significant difference in the cause-specific hazard 

rate in TLD registration between the three cancer type subgroups has been observed (p-value 

of log rank test = 0.688,  HRhem = 0.55 [0.13, 2.30] and HRsolid = 0.88 [0.42, 1.85]).  

 

 

 
Figure 5: Comparison cancer type subgroups – cumulative incidence curves for time between receiving 2nd PEC and TLD. 

 

 

7.3 Cancer status subgroups 
 

The cumulative incidence curves for the time from admission until receiving the 2nd PEC for 

the cancer status subgroups have been presented in Figure 6. At the end of the study, 9.1 % of 

the patients without cancer and 8.1 % of the patients with not active cancer have received 

concordant PECs, this in contrast with 20.5 % of the patients with active cancer (see also  

App Table 14). A significant difference has been observed between the three subgroups in the 

cause-specific hazard rate of receiving concordant PECs (p-value log rank test = 7.7E-05). This 

rate was 2.84 [1.59, 5.07] times larger for patients with active cancer than for patients with not 

active cancer. No significant difference has been observed between the patients without cancer 

and patients with not active cancer (cause-specific hazard ratio was 1.16 [0.73, 1.83]).   
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Figure 6: Comparison cancer status subgroups – cumulative incidence curves for time from admission until receiving of 2nd 
PEC. 

 

 

The cumulative incidence curves for the time between receiving the 2nd PEC and TLD for the 

cancer status subgroups have been presented in Figure 7. No significant differences in cause-

specific hazard rate between the three subgroups has been observed (p-value log rank  

test = 0.769, HRactive = 1.22 [0.37, 4.01] and HRno cancer = 1.40 [0.54, 3.60]). At the end of the 

study, 25.0 % of the patients with active cancer, 23.8 % of the patients with not active cancer 

and 29.2 % of the patients without cancer have registered a TLD (see App Table 31).  

 

 

 
Figure 7: Comparison cancer status subgroups – cumulative incidence curves for time between receiving 2nd PEC and TLD. 
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7.4 Surgery subgroups 
 

The cumulative incidence curves for the time from admission until receiving the 2nd PEC for 

the surgery subgroups have been presented in Figure 8. At the end of the study, 10.6 % of the 

patients without surgery and 10.2 % of the patients with unscheduled surgery received 

concordant PECs, this in contrast with only 4.8 % of the patients with scheduled surgery (see 

also App Table 16). No significant difference in the cause-specific hazard rate of receiving 

concordant PECs between the three subgroups has been detected (p-value log rank test = 0.193, 

HRno surgery = 1.79 [0.94, 3.43] and HRunscheduled = 1.80 [0.89, 3.61]).  

 

 

Figure 8: Comparison of surgery subgroups – cumulative incidence curves for time from admission until receiving of 2nd PEC. 

 

The cumulative incidence curves for the time between receiving the 2nd PEC and TLD have 

been presented in Figure 9. First, it needs to be noticed that there is only one patient with a TLD 

registration in the reference group (patients with scheduled surgery). This is why the  

95 % confidence intervals of the cause-specific hazard ratios are very wide. Due to this issue, 

the focus lies on the visual interpretation of the cumulative incidence curves. The steepness of 

the cumulative incidence curves for patients without surgery and patients with unscheduled 

surgery seems similar which may be an indication that the rate of TLD registration may be 

similar as well. At the end of the study, only 10.0 % of the patients with scheduled surgery had 

a TLD registration, this in contrast with 27.9 % for patients without surgery and 32.4 % for 

patients with unscheduled surgery (see App Table 32).  
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Figure 9: Comparison of surgery subgroups – cumulative incidence curves for time between receiving 2nd PEC and TLD. 

 

 

 

7.5 First indication of discrimination?  

 

An overview of the observed differences between the subgroups in the proportion of patients 

with concordant PECs, the proportion of patients with a TLD registration, the cause-specific 

hazard rate of receiving concordant PECs and the cause-specific hazard rate of TLD 

registrations (which have been discussed in previous sections) is shown in Table 3.   

 

Although there is a significant difference between some subgroups in the proportion of patients 

with concordant PECS or in the cause-specific hazard rate of receiving those concordant PECs, 

there was never a significant difference observed in the proportion of patients with a TLD 

registration or in the cause-specific hazard rate of those TLD registrations. Therefore, it can be 

concluded that the observations do not point towards discrimination (trend A was observed, but 

not trend B – see section 4.1). 
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7.6 Difference in mortality rate between subgroups 
 

7.6.1 Goal and method 

 

Next, cumulative incidence curves for the time between receiving the 2nd PEC and death or 

CEP for the different subgroups were obtained. The time-between-events can vary from 0 to 

365 days. However, it has been observed that most patients who died, died within the first  

30 days. In order to obtain cumulative incidence curves, where the change in cumulative 

incidence is clearly shown especially within those first 30 days, it was decided to partially 

categorise the time between receiving the 2nd PEC and death or CEP. Patients with a  

time-between-events of 31 – 50 days, 51 – 100 days, 101 – 200 days, 201 – 300 days and  

301 – 365 days were considered together.  No categorization was applied if the time between 

the two events was between 0 and 30 days. The cumulative percentage was calculated relative 

to the number of patients with concordant PECs in that subgroup. 

 

As there were no competing events for dying or for reaching the combined endpoint, an ordinary 

Cox proportional hazard model was used (instead of a cause-specific model)  to compare hazard 

rates between the different subgroups. As there is no information available about the cause of 

death of the patients (whether they died because there was a unofficial treatment limitation 

decision or whether they died due to their underlying disease trajectory), possible differences 

in mortality rate between different subgroups cannot be considered as an indication of 

discrimination.  

 

 

7.6.2 Age subgroups 

 

The cumulative incidence curves for the time between receiving the 2nd PEC and death or CEP 

for the age subgroups have been presented in Figure 10. After one year, 88.6 % of the younger 

patients and 85.5 % of the older patients with concordant PECs have reached the combined 

endpoint (see App Table 25). No significant difference in mortality rate between the two 

subgroups has been observed (p-value log rank test = 0.924, HR = 1.02 [0.72, 1.45]).  
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Figure 10: Comparison of age subgroups – cumulative incidence curves for time between receiving 2nd PEC and death or CEP. 

 

 

7.6.3 Cancer type subgroups 

 

The cumulative incidence curves for the time between receiving the 2nd PEC and death or CEP 

for the cancer type subgroups have been presented in Figure 11. After one year, 86.8 % of the 

patients without cancer, 91.7 % of the patients with hematological cancer and 88.2 % of the 

patients with a solid tumor have reached CEP (see App Table 26). No significant difference in 

mortality rate between the three subgroups has been observed (p-value log rank test = 0.356,  

HRhem = 1.45 [0.78, 2.73] and HRsolid = 0.88 [0.58, 1.32]). It is however remarkable that  

83.3 % of the patients with hematological cancer had already died within 10 days after receiving 

the 2nd PEC.  

 

 
Figure 11: Comparison cancer type subgroups – cumulative incidence curves for time between receiving 2nd PEC death or CEP. 
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7.6.4 Cancer status subgroups 

 

The cumulative incidence curves for the time between receiving the 2nd PEC and death or CEP 

for the cancer status subgroups have been presented in Figure 12. After one year,  95.8 % of the 

patients with active cancer, 81.8 % of the patients with not active cancer and 86.8 % of the 

patients without cancer have reached the combined endpoint (see App Table 27). Again, no 

significant difference in mortality rate between the three subgroups has been observed (p-value 

log rank test = 0.852, HRactive = 1.19 [0.64, 2.21] and HRno cancer =1.12 [0.68, 1.86]). 

 

 

 
Figure 12: Comparison cancer status subgroups – cumulative incidence curves for time between receiving 2nd PEC death/CEP. 

 

 

7.6.5 Surgery subgroups 

 

The cumulative incidence curves for the time between receiving the 2nd PEC and death or CEP 

for the surgery subgroups have been presented in Figure 13. After one year, 89.4 % of the 

patients without surgery, 86.5 % of the patients with unscheduled surgery and 70.0 % of the 

patients with scheduled surgery have reached the combined endpoint (see App Table 28). A 

significant difference in mortality rate between the three subgroups has been detected (p-value 

log rank test = 0.044). The mortality rate of patients without surgery and patients with scheduled 

surgery is respectively 2.44 [1.13, 5.26] and 1.92 [0.85, 4.36] times as large as the mortality 

rate of patients with a scheduled surgery. This may be an indication that doctors are more 

reluctant to give up on patients who had a scheduled surgery and that they try to keep those 

patients alive as long as possible. 
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Figure 13: Comparison of surgery subgroups – cumulative incidence curves for time between receiving 2nd PEC death or CEP. 
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8 Inverse propensity score weighting 
 

8.1 Goal and method 

 

As was explained in section 3.2, inverse propensity score weighting was applied in order to 

correct for systematic differences in background characteristics between the groups 

(confounding). The following steps need to be followed in order to obtain the weights for each 

patient for the age subgroups:  

 

1. Find the variables that are related to the outcome variable CEP.  

2. Find out which of those variables are also related with age. 

3. Estimate the propensity score. 

4. Calculate the weights. 

These steps will be further explained in following sections.  

 

 

8.2 Variables related with CEP 
 

The variable CEP was converted to a binary variable with value 1 if the patient was dead, not 

at home or had a poor QOL and value 0 if the patient was still alive, at home and had a good 

QOL after one year. The 339 patients for who the situation after one year was unknown, were 

not taken into consideration.  

 

The first step towards obtaining the weight for each patient, was to look for the variables that 

are related with the binary variable CEP. This is done by executing a forward, backward and 

both-way stepwise logistic regression (significance level set to 0.10) with CEP as the outcome 

variable and patient, ICU and hospital characteristics as predictors. Only the variables that 

contain information about the patient known at the moment of admission at the ICU have been 

considered. Five of these variables contained 125 missing values and were therefore not 

included. All stepwise procedures lead to the same model, which contains 16 variables. An 

overview of these variables, the coefficient estimates and the p-values indicating the 

significance is presented in Table 4. 
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Table 4: Overview of variables related with CEP, the coefficient estimates and p-values. 

 

 

 

8.3 Variables related with age 

 

The variable age is converted to a binary variable with the value 1 for patients younger than 

75 years old and the variable 0 for patients that are 75 years or older. The next step towards 

obtaining the weight for each patient was to find out which of the variables related with CEP 

(see Table 4) and all possible two-way interactions between those variables, are also related 

with the binary variable age. This is done by applying a both-ways stepwise multinomial 

logistic regression (significance level set to 0.20). This resulted in a model that contains  

17 variables and two-way interactions. Although the gender of the patient, the geographical 

region of the hospital and the ethical climate of the ICU didn’t seem to be significantly related 

with CEP, it does seem important to balance out their effect as well. Therefore, they are also 

included. An overview of the selected variables and interactions, their coefficient estimates and 

p-values of significance are presented in Table 5.  

 

 

 

 

Variable Estimate β SE p-value Variable Estimate β SE p-value

 - alcohol problems 0.54 0.23 0.0165  - total number of beds in the ICU -0.02 0.01 0.0001

 - age (< 75 year old or ≥ 75 year old) 0.36 0.16 0.0205  - patient-nurse ratio 0.20 0.09 0.0210

 - head trauma as admission reason 1.32 0.42 0.0009  - patient-junior physician ratio 0.08 0.03 0.0207

 - liver failure as admission reason 0.43 0.25 0.0873  - total number of beds in the hospital 0.0009

 - neurologic reason for admission 0.85 0.25 0.0004 >750 0.21 0.38

 - number of comorbidities 0.40 0.12 0.0010 250-500 0.18 0.39

 - liver cirrhosis as comorbidity -0.77 0.35 0.0260 500-750 -0.52 0.37

 - whether the patient is competent 1.4E-09

competent -0.71 0.32

not competent 0.20 0.32

 - whether the patient has a DNR before admission 0.0067

no CPR 1.17 0.55

withholding 1.45 0.64

unknown 0.12 0.41

 - surgery (no surgery, scheduled surgery or unscheduled surgery 1.1E-05

scheduled -0.78 0.21

unscheduled -0.63 0.17

 - cancer status (no cancer active cancer or not active cancer) 0.0263

no cancer -0.84 0.33

not active -0.59 0.34

 - ECOG performance status 9.6E-13

full functional -1.31 0.36

functional but not able to work -0.40 0.37

limited functionality 0.06 0.39

symptomatic -0.91 0.36

unknown 0.72 0.54

Patient characteristics ICU and hospital characteristics 



44 

 

Table 5: Overview of variables related with CEP and age, the coefficient estimates and p-values. 

 

 

 

8.4 Propensity scores and weights for age  

 

The next step was to use the multinomial logistic regression model to predict the probability 

that a patient is younger than 75 years old, given his set of covariates. All variables presented 

in Table 5 were used as predictors in this model. The weight for a patient is the inverse of the 

probability to belong to their own age group (inverse of the propensity score):  

 

Weight for a patient younger than 75 years:     
( )

1

75 |
i

i

w
P year x

=


 

 

Weight for a patient of 75 years or older:            
( ) ( )

1 1

75 | 1 75 |
j

j j

w
P year x P year x

= =
 − 

  

 

 

Estimate β SE p-value

Variable Estimate β SE p-value  - comorbidities     *    ECOG performance status 0.0012

 - alcohol problems 1.80 0.33 6.9E-11 comorbidities * full functional -0.24 0.04

 - head trauma as admission reason -2.07 0.75 0.0259 comorbidities * funtional but not able to work 0.61 0.41

 - number of comorbidities -1.25 0.52 0.0174 comorbidities * limited functionality 0.73 0.41

 - liver cirrhosis as comorbidity 13.00 0.38 2.5E-06 comorbidities * symptomatic 0.60 0.40

 - whether the patient has a DNR before admission 0.0120 comorbidities * unknown 0.90 0.51

no CPR -0.26 0.32  - comorbidities     *    surgery 0.0064

withholding -1.05 0.35 comorbidities * scheduled -0.48 0.25

unknown 0.42 0.35 comorbidities * inscheduled -0.60 0.21

 - surgery 0.0264  - surgery     *    liver cirrhosis 0.0012

scheduled -0.16 0.28 scheduled * liver cirrhosis 7.04 / 
(*1)

unscheduled 0.07 0.21 unscheduled * liver cirrhosis 35.80 / 
(*1)

 - cancer status 0.0013  - liver cirrhosis     *    ECOG performance status 0.0048

no cancer -2.03 0.62 liver cirrhosis * full functional 3.77 1.7E-06

not active -1.16 0.71 liver cirrhosis * funtional but not able to work -6.68 0.50

 - ECOG performance status 9.6E-05 liver cirrhosis * limited functionality -23.65 0.41

full functional 0.55 0.51 liver cirrhosis * symptomatic 6.63 5.4E-07

functional but not able to work -0.75 0.54 liver cirrhosis * unknown 4.73 8.4E-07

limited functionality -0.76 0.54  - head trauma     *    total beds in hospital 0.0231

symptomatic -0.30 0.52 head trauma * >750 1.91 0.99

unknown -0.30 0.56 head trauma * 250-500 24.29 / 
(*2)

head trauma * 500-750 0.14 0.94

Estimate β SE p-value  - liver cirrhosis     *    total beds in hospital 0.0983

 - total number of beds in the hospital 0.0446 liver cirrhosis * >750 9.86 0.73

>750 0.27 0.27 liver cirrhosis * 250-500 -6.83 0.50

250-500 -0.22 0.30 liver cirrhosis * 500-750 9.97 0.81

500-750 0.08 0.30  - cancer status     *    comorbidities 0.0378

no cancer * comorbidities 0.90 0.41

Estimate β SE p-value not active * comorbidities 0.49 0.47

 - gender 0.16 0.13 0.2107  - surgery     *    head trauma 0.2971

 - geographical region 0.7640 scheduled * head trauma 0.00 0.00

Northern Europe  -0.25 0.26 unscheduled * head trauma 1.27 0.83

Southern Europe       -0.25 0.32

Western Europe/USA        -0.20 0.23

 - ethical climate 0.0970

good 0.09 0.22

poor -0.33 0.17

(*1): no older patients with liver cirrhosis and a scheduled or unscheduled surgery 

(*2): no older patients were admitted in a hospital with 250-500 beds due to a head trauma

Main effects Interaction effects

Patient characteristics

ICU and hospital characteristics 

Manually added variables

Variable

Variable

Variable



45 

 

When using inverse propensity score weighting, there is always a risk that some observations 

have extremely high weights which can greatly influence the results. According to 

literature [19], a possible ad hoc solution lies in replacing all weights that are larger than the 

95th percentile by the weight of the 95th percentile. This process is called trimming of the 

weights.  

 

 

8.5 Propensity scores and weights for cancer type, cancer status and surgery  

 

In the previous section it was explained how the propensity scores and weights for the age 

subgroups were obtained. A similar method wa used to calculate the weights when the cancer 

type, cancer status and surgery subgroups are considered. The main difference is that the 

patients are now divided into three groups instead of two. The three groups are referred to as 

group A, group B and group C to keep the explanation general.  

 

Multinomial logistic regression models were built in a similar way as explained in section 8.4.  

The final models were used to estimate three propensity scores for each patient (estimated 

probability to belong to group A, group B and group C, given his set of covariates). The single 

weight for each patient could then be calculated as follows:  

 

Weight for a patient in group A:   
( ) ( )

1 1

|
i

A i i

w
PS x P group A x

= =  

 

Weight for a patient in group B:   
( ) ( )

1 1

|
j

B j j

w
PS x P group B x

= =  

 

Weight for a patient in group C:  
( ) ( )

1 1

|
k

C k k

w
PS x P group C x

= =  

 

Trimming of the weights at the 95th percentile was again applied to avoid extremely large 

weights that may have a big influence on the results.  
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9 Weighted cumulative incidence curves  
 

 

9.1 Calculation of cumulative incidence 

 

In section 8 it was explained how the weights for age, cancer status, cancer type and surgery 

were obtained for each patient. An overview of the ranges of the weights has been presented in 

App Table 34. The next step is to use these weights to construct the weighted cumulative 

incidence curves. The incidence at time t is now calculated by dividing the sum of the weights 

of the patients experiencing the event at time t by the sum of the weights of all patients in the 

group. Checking for indications of discrimination is done in a similar way as with the 

unweighted cumulative incidence curves (see section 4.2).  

 

 

9.2 Age subgroups 
 

The weighted cumulative incidence curves for the time from admission until receiving the  

2nd PEC for the age subgroups have been presented in Figure 14. If every young patient would 

be replaced by an older patient with the same characteristics (same values for the predictors 

mentioned in Table 5), then 13.4 % of the patients would have received concordant PECs by 

the end of the study. Similarly, if every older patient would be replaced by a younger patients 

with the same characteristics, then 8.9 % of the patients would have received concordant PECs. 

The cause-specific hazard rate of receiving concordant PECs is 1.65 [1.17, 2.32] times larger 

for older patients than for younger patients (p-value robust log rank test = 0.010).  

 

 
Figure 14: Comparison age subgroups – weighted cumulative incidence curves for time from admission until receiving 2nd PEC. 
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The weighted cumulative incidence curves for the time between receiving the 2nd PEC and  

TLD have been presented in Figure 15. If every young patient would be replaced by an older 

patient with the same characteristics, then 28.0 % of the patients would have had a TLD 

registration by the end of the study. Similarly, if every older patient would be replaced by a 

younger patients with the same characteristics, then 29.2 % of the patients would have received 

a TLD registration. No significant difference in cause-specific hazard rate of TLD  

registration between the two age groups has been observed (p-value robust log rank test = 0.958, 

HR = 0.98 [0.51, 1.91]). 

 

These results coincide with the results that were found based on the unweighted cumulative 

incidence curves.  

 

 

Figure 15: Comparison  age subgroups – weighted cumulative incidence curves for time between receiving 2nd PEC and TLD. 

 

 

9.3 Cancer type subgroups 
 

The weighted cumulative incidence curves for the time from admission until receiving  

the 2nd PEC for the cancer type subgroups have been presented in Figure 16. If all patients had 

hematological cancer, 14.6 % would have received concordant PECs, this in contrast with only 

9.2 % if no one had cancer and 11.6 % if all patients had a solid tumor. As the proportional 

hazard assumption was not met (see App Figure 16),  Aalen’s additive model was fitted instead. 

It could be concluded that the rate of receiving concordant PECs is significantly higher for 

patients with hematological cancer than for patients without cancer (p-value < 0.001). 
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Figure 16: Comparison cancer type subgroups – weighted cumulative incidence curves for time from admission until receiving 
of 2nd PEC. 

 

The weighted cumulative incidence curves for the time between receiving the 2nd PEC and TLD 

for the cancer type subgroups have been presented in Figure 17. If none of the patients had 

cancer, 31.1 % of the patients would have registered a TLD by the end of the study, 18.1 % if 

all patients had hematological cancer and 25.2 % if all patients had a solid tumor. No  

significant difference in the cause-specific hazard rate in TLD registration between the  

three subgroups was observed (p-value robust log rank test = 0.517, HRhem = 0.53 [0.13, 2.21] 

and HRsolid = 0.74 [0.31, 1.74]).  

 

These results also coincide with the results that were found based on the unweighted cumulative 

incidence curves.  

 

 

Figure 17: Comparison  cancer type subgroups – weighted cumulative incidence curves for time between receiving 2nd PEC and TLD. 
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9.4 Cancer status subgroups 
 

The weighted cumulative incidence curves for the time from admission until receiving the  

2nd PEC for the cancer status subgroups have been presented in Figure 18. If all patients had 

active cancer, 20.4 % of them would have received concordant PECs by the end of the study. 

This in contrast with 8.9 % if none of the patients had cancer and 9.2 % if all patients had not 

active cancer. As the proportional hazard assumption was not met (see App Figure 19),  Aalen’s 

additive model was fitted instead. No significant difference in rate if receiving concordant PECs 

was detected (p-values = 0.088 and 0.234). However, when visually analysing the cumulative 

incidence curves, it appears that patients with active cancer receive concordant PECs more 

rapidly than patients without cancer or patients with not active cancer (which was also 

concluded based on the unweighted cumulative incidence curves).  

 

 
Figure 18: Comparison of cancer status subgroups – weighted cumulative incidence curves for time from admission until 
receiving of 2nd PEC. 

 

The weighted cumulative incidence curves for the time between receiving the 2nd PEC and TLD 

has been presented in Figure 19. At the end of the study, 30.4 % would have registered a TLD 

if none of the patients had cancer, this in comparison with 28.7 % if everyone had active cancer 

and 23.4 % if everyone had not active cancer. No significant difference in the cause-specific 

hazard rate of TLD registration between the three subgroups has been observed (p-value robust 

log rank test = 0.718, HRactive = 1.36 [0.37, 4.96] and HRno cancer = 1.47 [0.53, 4.10]).  

 

These results coincide with the results that were found based on the unweighted cumulative 

incidence curves.  
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Figure 19: Comparison of cancer status subgroups – weighted cumulative incidence curves for time between receiving 2nd PEC 
and TLD. 

 

9.5 Surgery subgroups 
 

The weighted cumulative incidence curves for the time from admission until receiving the  

2nd PEC for the surgery subgroups have been presented in Figure 20. At the end of the study,  

6.6 % of the patients would have received concordant PECs if all patients had a scheduled 

surgery, this in comparison with 9.8 % if all patients had an unscheduled surgery and 9.2 % if 

none of the patients had a surgery. No significant difference in the cause-specific hazard  

rate of receiving concordant PECs between the three subgroups has been observed (p-value 

robust log rank test = 0.815, HRno surgery = 1.11 [0.53, 2.34] and HRunscheduled = 1.25 [0.56, 2.83]).  

 

 
Figure 20: Comparison surgery subgroups – weighted cumulative incidence curves for time from admission until receiving of 2nd PEC. 
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The weighted cumulative incidence curves for the time between receiving the 2nd PEC  

and TLD have been presented in Figure 21. If all patients had a scheduled surgery,  

only 15.9 % of the patients would have registered a TLD by the end of the study. This  

in contrast with 25.2 % if none of the patients had surgery and 34.7 % if all patients had 

unscheduled surgery. No significant difference in cause-specific hazard rate of TLD  

registration between the three subgroups has been observed (p-value robust log rank  

test 0.371, HRno surgery = 1.96 [0.40, 9.52], HRunscheduled = 2.61 [0.48, 14.10]).  

 

These results coincide with the results that were found based on the unweighted cumulative 

incidence curves.  

 

 

 
Figure 21: Comparison of surgery subgroups – weighted cumulative incidence curves for time between receiving 2nd PEC and TLD. 

 

9.6 First indication of discrimination? 

 

For the age and cancer type, a significant difference was detected in the cause-specific hazard 

rate of receiving concordant PECs, but no significant difference was observed in the cause-

specific hazard rate of TLD registration. For the cancer status and surgery subgroups, no 

significant difference in cause-specific hazard rate of receiving PECs and of TLD registration 

was detected. Therefore, it can be concluded that the observations do not point towards 

discrimination (trend A was observed, but not trend B – see section 4.1). 
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9.7 Difference in mortality rate between subgroups 

 

9.7.1 Age subgroups 

 

The weighted cumulative incidence curves for the time between receiving the 2nd PEC and 

death or CEP for the age subgroups have been presented in Figure 22. If every young patient 

would have been replaced by an older patient with the same characteristics (same values for the 

predictors mentioned in Table 5), then 85.3 % of the patients would have reached CEP. 

Similarly, if every older patient would have been replaced by a younger patient with the same 

characteristics, then 88.8 % of the patients would have reached CEP. No significant difference 

in the mortality rate between the two age groups has been detected (p-value robust log rank  

test = 0.984 and HR = 1.00 [0.68, 1.47]). These results coincide with the results that were found 

based on the unweighted cumulative incidence curves.  

 

 
Figure 22: Comparison age subgroups – weighted cumulative incidence curves for time between receiving 2nd PEC and death 
or CEP. 

 

9.7.2 Cancer type subgroups 

 

The weighted cumulative incidence curves for the time between receiving the 2nd PEC and 

death or CEP for the cancer type subgroups have been presented in Figure 23. No  

significant difference in mortality rate between the three subgroups has been detected  

(p-value robust log rank test = 0.576, HRhem = 1.20 [0.54, 2.68] and HRsolid = 0.82 [0.53, 1.27].  
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A remarkable result is that, if all patients had hematological cancer, 77.7 % of the patients 

would have already died within 10 days after receiving the 2nd PEC. This in contrast with only 

51.0 % if none of the patients had cancer and 36.9 % if all patients had a solid tumor. After one 

year however, it appears that about 88 % of the patients would have reached CEP, no matter 

which subgroup is considered. These results coincide with the results that were found based on 

the unweighted cumulative incidence curves.  

 

 

 
Figure 23: Comparison of cancer type subgroups – weighted cumulative incidence curves for time between receiving 2nd PEC 
death or CEP. 

 

 

9.7.3 Cancer status subgroups 

 

The weighted cumulative incidence curves for the time between receiving the 2nd PEC and 

death or CEP for the cancer type subgroups have been presented in Figure 24. At the  

end of the study, 88.3 % of the patients would have reached the combined endpoint  

if no one had cancer, 93.7 % if all patients had active cancer and 81.4 % if all patients had  

not active cancer. No significant difference in the mortality rate between the three  

subgroups has been detected (p-value robust log rank test = 0.858, HRactive = 1.19 [0.58, 2.42] 

and HRno cancer = 1.19 [0.64, 2.23]). These results coincide with the results that were found based 

on the unweighted cumulative incidence curves.  
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Figure 24: Comparison of cancer status subgroups – weighted cumulative incidence curves for time between receiving 2nd PEC 
death or CEP. 

 

9.7.4 Surgery subgroups 

 

The weighted cumulative incidence curves for the time between receiving the 2nd PEC and 

death or CEP for the surgery subgroups have been presented in Figure 25. If all patients had a 

scheduled surgery, only 62.6 % of the patients would have reached the combined endpoint after 

one year. This in contrast with 87.8 % if none of the patients had surgery and 90.9 % if all 

patients had an unscheduled surgery. The mortality rate for patients without surgery and patients 

with unscheduled surgery is respectively 2.63 [1.24, 5.57] and 2.79 [1.25, 6.22] times as large 

as the mortality rate of patients with a scheduled surgery. These results coincide with the results 

that were found based on the unweighted cumulative incidence curves. 

 

 
Figure 25: Comparison of surgery subgroups – weighted cumulative incidence curves for time between receiving 2nd PEC death 
or CEP.  
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10 Conclusion 
 

Life supporting therapy should only be provided to patients at an intensive care unit (ICU)  

if the patients and their relatives are well informed about the treatment and associated risks  

and if the treatment intensity is proportional to the expected result. In this thesis, the focus was 

laid on possible overtreatment. A measure of overtreatment was the number of perceptions of 

excessive care (PEC) that patients received from clinicians. D.D. Benoit et al. (2018) showed 

that having at least two independent PECs (concordant PECs) is predictive of the patients’ one- 

year outcome. 

 

The main goal of this thesis was to study whether there was an indication of discrimination of 

subgroups of patients by clinicians. The following subgroups were studied: age subgroups  

(< 75 year old, ≥ 75 year old), cancer type subgroups (no cancer, hematological cancer, solid 

tumor), cancer status subgroups (no cancer, active cancer, not active cancer) and surgery 

subgroups (no surgery, scheduled surgery, unscheduled surgery). There is a hint of 

discrimination concerning the level of care if 1) there is a significant difference between 

subgroups in the proportion of patients with concordant PECs or in the rate of receiving those 

concordant PECs and 2) if there is a significant difference between subgroups in the proportion 

of patients with a treatment limitation decision (TLD) registrations or in the rate of TLD 

registration.  

 

Univariate analysis showed that the proportion of patients who received concordant PECs is 

significantly higher in the subgroup of older patients and in the subgroups of patients with active 

cancer and that the proportion is significantly lower in the subgroup of patients with scheduled 

surgery in comparison to the other subgroups. 

 

When studying the mortality (risk of death within 28 days, risk of death within 1 year and risk 

of reaching CEP) of patients with concordant PECs, no significant difference could be detected 

between the age, cancer type and cancer status subgroups. For the surgery subgroups, the risk 

of death within 28 days and death within 1 year was lower for patients with a scheduled surgery. 

When looking at the mortality of patients without concordant PECs (whose clinicians think the 

level of care is appropriate), it appeared that the mortality is significantly higher for older 

patients, for patients with hematological cancer, for patients with active cancer and for patients 

without surgery. This may be an indication that more patients in those subgroups should have 

received concordant PECs and the level of care may not have been appropriate.  
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Cumulative incidence curves were constructed for all subgroups for 1) the time from admission 

until receiving the 2nd PEC and 2) the time from receiving the 2nd PEC until treatment limitation 

decision (TLD) registration. By fitting cause-specific hazard models, hazard rates of different 

subgroups could be compared. Cumulative incidence curves for the time from receiving the  

2nd PEC until death or combined endpoint were constructed as well (although these do not give 

extra information about possible discrimination). To adjust for background characteristics, 

inverse propensity score weighting was applied and weighted cumulative incidence curves were 

constructed. The propensity score was defined as the estimated conditional probability for a 

patient to belong to his own subgroup given the patient’s characteristics.  

 

Following things could be concluded based on the unweighted as well as on the weighted 

cumulative incidence curves. No significant difference in cause-specific hazard rate of TLD 

registration was detected between any of the subgroups. The cause-specific hazard rate of 

receiving concordant PECs was significantly higher for older patients and for patients with 

hematological cancer in comparison with the patients in the other subgroups. No significant 

difference in cause-specific hazard rate of receiving concordant PECs between the surgery 

subgroups was detected. Based on the unweighted cumulative incidence curves, the cause-

specific hazard rate of receiving concordant PECs was significantly higher for patients with 

active cancer than for patients with not active cancer or patients without cancer. However, this 

difference was not detected based on the weighted cumulative incidence curves. Overall, it 

could be concluded that the observations do not point towards discrimination of patients based 

on age, cancer type, cancer status of surgery type.  

 

One of the biggest limitations of this study is that no definite conclusion about discrimination 

can be formulated. Additional information will be necessary. In the current dataset, there is,  

for example, no information about cause of death of patients. It is unknown whether  

patients have died due to an unofficial treatment limitation decision or due to  

their underlying disease trajectory. If this information would be available, differences in the 

mortality rate between subgroups may also be seen as an indication of discrimination. 

Besides that, additional qualitative information (i.e. by interviewing clinicians, by asking the 

opinions of anthropologists…) would also be useful. It should also be mentioned that the 

number of patients with concordant PECs is probably underestimated as patients who were 

admitted prior to the study period and patients who remained in the ICU after the end of the 

study (and could have received concordant PECs during their unobserved ICU-stay) were 
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excluded from the analysis [2]. Another issue in this study was the reasonable amount of 

missing data (i.e. 339 out of the 1641 patients for whom it is unknown whether they reached 

the combined endpoint or not).  

 

Finally, as no clear discriminatory attitude of clinicians was detected in this study, it is for 

further research (based on the same data) not necessary to make a distinction between the 

different types of subgroups.  
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A Appendix 
 

 

A.1 Selection bias in average(-) ethical climate 
 

 
App Table 1: Comparison of ICU mortality and length of stay between ethical climates [2] 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Good Average + Average - Poor p-value

n=178 n=415 n=82 n=541

7.90% 8.00% 22.00% 8.70% 0.001*

n=176 n=414 n=82 n=536

1.2 (0.8-3.1) 1.2 (0.8-3.1) 3.1 (1.5-11.2) 1.6 (0.9-1.6) < 0.0001

Ethical climate

ICU mortality

Median length of 

stay in days (IQR)

*Pearson Chi-Square, ** Non-parametric test comparing medians
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A.2 Univariate description 
 

A.2.1 Comparing country, hospital, ICU and patient characteristics 
 
App Table 2: Differences in characteristics between age subgroups (part 1). 

 

number percentage
median                              

(25th - 75th percenti le)
number percentage

median                              
(25th - 75th percenti le)

Wilcoxon rank sum test
Χ²-test / Fisher's exact 

test

Number of ICU beds / 100.000 inhabitants 11.6 (6.4 - 15.9) 12.5 (6.7 - 15.9) 0.00005973

Geographical region 0.2935

Central Europe 146 11.8% 56 13.8%

Northern Europe 217 17.6% 74 18.3%

Southern Europe 97 7.8% 40 9.9%

Western Europe / USA 776 62.8% 235 58.0%

number percentage
median                              

(25th - 75th percenti le)
number percentage

median                              
(25th - 75th percenti le)

Wilcoxon rank sum test
Χ²-test / Fisher's exact 

test

Hospital type 0.0063

Public 267 21.6% 118 29.1%

Private 66 5.3% 28 6.9%

University affiliated 195 15.8% 54 13.3%

University 708 57.3% 205 50.6%

Total beds in hospital 0.0383

<250 89 7.2% 33 8.1%

250-499 254 20.6% 108 26.7%

500-749 319 25.8% 102 25.2%

>750 574 46.4% 162 40.0%

number percentage
median                              

(25th - 75th percenti le)
number percentage

median                              
(25th - 75th percenti le)

Wilcoxon rank sum test
Χ²-test / Fisher's exact 

test

Ethical climate 0.2634

Good 249 20.1% 72 17.8%

Average + 531 43.0% 166 41.0%

Poor  456 36.9% 167 41.2%

Number of beds per ICU 14 (10 - 24) 13 (9 - 24) 0.1547

Percentage of population over 65 year  in ICUb 18 (18 - 18) 18 (18 - 18) 6.0E-05

Patient to nurse ratio 2 (1.4 - 3) 2 (1.4 - 3) 0.2763

Patient to junior physician ratio 4 (3 - 6) 4 (3 - 6) 0.9552

Patient to senior physician ratio 7 (5 - 8) 7 (5 - 8) 0.6804
bvariable considered as categorical because of the limited number of unique values

Hospital characteristics

ICU characteristics

< 75 year old  (1236 patients) Test results: p-value≥ 75 year old  (405 patients)

Country characteristics
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App Table 3: Differences in characteristics between age subgroups (part 2). 

 

number percentage
median                              

(25th - 75th percenti le)
number percentage

median                              
(25th - 75th percenti le)

Wilcoxon rank sum test
Χ²-test / Fisher's exact 

test
Age 59 (47 - 67) 80 (77 - 84) < 2.2 E-16

Gender (male)  749 60.6% 221 54.6% 0.03714

ECOG performance status 1.9E-06

Grade 0 (full functional) 472 38.2% 101 24.9%

Grade 1 (symptomatic) 303 24.5% 101 24.9%

Grade 2 (functional but not able to work) 160 12.9% 80 19.8%

Grade 3 (limited functionality) 136 11.0% 68 16.8%

Grade 4 (bedridden) 58 4.7% 24 5.9%

Unknown 107 8.7% 31 7.7%

Nursing home resident 50 4.0% 28 6.9% 0.0264

Moderate to severe comorbidities (number) 2.7E-05

0 608 49.2% 182 44.9%

1 514 41.6% 152 37.5%

≥  2 114 9.2% 71 17.5%

Type comorbidity

Solid tumor 219 17.7% 85 21.0% 0.1627

Heart failure (NYHA III or IV) 109 8.8% 83 20.5% 4.0E-10

COPD (Gold III or IV or equivalent) 131 10.6% 59 14.6% 0.0378

Neurological (excluding dementia) 79 6.4% 24 5.9% 0.8280

Hematological malignancy 80 6.5% 12 3.0% 0.0111

Liver cirrhosis (Child Pugh B or C) 77 6.2% 5 1.2% 0.0001

Chronic renal failure requiring dialysis 39 3.2% 15 3.7% 0.7066

Dementia (moderate or severe) 16 1.3% 23 5.7% 1.3E-06

AIDS 14 1.1% 0 0.0% 0.0278

Abuse 

Alcohol 169 13.7% 12 3.0% 4.1E-09

Active smoking 264 21.4% 26 6.4% 1.3E-11

Main admission reason(s)

Respiratory failure 287 23.2% 103 25.4% 0.4007

Sepsis / severe sepsis / septic shock 252 20.4% 71 17.5% 0.2367

Heart failure / cardiogenic shock 186 15.0% 93 23.0% 0.0003

Neurologic pathology / Stroke / ICB 141 11.4% 41 10.1% 0.5332

Gastro-intestinal pathology / liver failure  133 10.8% 36 8.9% 0.3264

Metabolic / renal   112 9.1% 32 7.9% 0.5385

Multiple trauma 83 6.7% 13 3.2% 0.0129

Head trauma 41 3.3% 17 4.2% 0.4980

Surgery within 48 hrs 403 32.6% 157 38.8% 0.0272

Surgery 0.0181

No surgery 827 66.9% 243 60.0%

Scheduled surgery 142 11.5% 65 16.0%

Unscheduled surgery 267 21.6% 97 24.0%

Do-not-resuscitate order before admission 0.0007

Full code 1113 90.0% 350 86.4%

Unknown 61 4.9% 14 3.5%

No CPR 40 3.2% 21 5.2%

Withholding of therapy 22 1.8% 20 4.9%

Severity of illness < 24 hrs after admission 

Invasive mechanical ventilation 604 48.9% 180 44.4% 0.1364

Vasopressor need 427 34.5% 156 38.5% 0.1647

Dialysis 41 3.3% 14 3.5% 1

Written withholding / withdrawing order  < 24 h 38 3.1% 29 7.2% 0.0005

Characteristics during ICU stay  (non missing values)a n = 1137 n = 374

Invasive mechanical ventilation 675 59.4% 198 52.9% 0.0338

Duration of invasive ventilation (days) 1 (0 - 3) 1 (0 - 2) 0.01068

Vasopressor need 536 47.1% 180 48.1% 0.7858

Duration of vasopressors (days) 0 (0-2) 0 (0-2) 0.9051

Dialysis 84 7.4% 39 10.4% 0.0791

Duration of dialysis (days) 0 (0 - 0) 0 (0 - 0) 0.07208
aPercentages are related to the number of non-missing values

< 75 year old  (1236 patients) ≥ 75 year old  (405 patients) Test results: p-value

Patient characteristics
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App Table 4: Differences in characteristics between cancer type subgroups (part 1). 

 
 

 

 

 

 

 

 

 

 

 

 

number percentage
median                                        

(25th - 75th percenti le)
number percentage

median                                        
(25th - 75th percenti le)

number percentage
median                                        

(25th - 75th percenti le)
Kruskal-Wallis test

Χ²-test / Fisher's 

exact test

Number of ICU beds / 100.000 inhabitants 11.6 (6.4 - 15.9) 11.6 (6.4 - 15.9) 11.6 (11.6 - 15.9) 0.4883

Geographical region 0.0005

Central Europe 147 11.7% 50 16.7% 5 5.7%

Northern Europe 257 20.5% 31 10.4% 3 3.4%

Southern Europe 98 7.8% 29 9.7% 10 11.4%

Western Europe / USA 752 60.0% 189 63.2% 70 79.5%

number percentage
median                                        

(25th - 75th percenti le)
number percentage

median                                        
(25th - 75th percenti le)

number percentage
median                                        

(25th - 75th percenti le)
Kruskal-Wallis test

Χ²-test / Fisher's 

exact test

Hospital type 0.0045

Public 318 25.4% 58 19.4% 9 10.2%

Private 77 6.1% 14 4.7% 3 3.4%

University affiliated 178 14.2% 52 17.4% 19 21.6%

University 681 54.3% 175 58.5% 57 64.8%

Total beds in hospital 0.0077

<250 85 6.8% 28 9.4% 9 10.2%

250-499 271 21.6% 75 25.1% 16 18.2%

500-749 336 26.8% 54 18.1% 31 35.2%

>750 562 44.8% 142 47.5% 32 36.4%

number percentage
median                                        

(25th - 75th percenti le)
number percentage

median                                        
(25th - 75th percenti le)

number percentage
median                                        

(25th - 75th percenti le)
Kruskal-Wallis test

Χ²-test / Fisher's 

exact test

Ethical climate 1.9E-06

Good 241 19.2% 45 15.1% 35 39.8%

Average + 552 44.0% 119 39.8% 26 29.5%

Poor  461 36.8% 135 45.2% 27 30.7%

Number of beds per ICU 14 (10 - 24) 14 (10 - 25) 12 (8 - 14) 0.00936

Percentage of population over 65 year  in ICUb 18 (18 - 18) 18 (18 - 18) 18 (18 - 18) 0.0005

Patient to nurse ratio 2 (1.3 - 3) 2 (1.4 - 2) 2 (2 - 3) 0.0002594

Patient to junior physician ratio 4 (3 - 6) 4 (3 - 6) 4 (3.75 - 6) 0.2052

Patient to senior physician ratio 7 (4 - 8) 7 (5 - 8) 7 (6 - 8) 0.2187
bvariable considered as categorical because of the limited number of unique values

Hospital characteristics

ICU characteristics

Solid tumor (299 patients)No cancer (1254 patients) Test results: p-valueHematological cancer (88 patients)

Country characteristics
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App Table 5: Differences in characteristics between cancer type subgroups (part 2). 

 

number percentage
median                                        

(25th - 75th percenti le)
number percentage

median                                        
(25th - 75th percenti le)

number percentage
median                                        

(25th - 75th percenti le)
Kruskal-Wallis test

Χ²-test / Fisher's 

exact test

Age (continuous) 63 (18 - 74) 68 (59 -75) 63 (53.75 - 70.25) 0.0001

Age (categorical: 75 years or older) 308 24.6% 85 28.4% 12 13.6% 0.0179

Gender (male)  736 58.7% 187 62.5% 47 53.4% 0.5553

ECOG performance status 0.0005

Grade 0 (full functional) 475 33.9% 83 27.8% 15 17.0%

Grade 1 (symptomatic) 285 22.7% 88 29.4% 31 35.2%

Grade 2 (functional but not able to work) 169 13.5% 50 16.7% 21 23.9%

Grade 3 (limited functionality) 156 12.4% 38 12.7% 10 11.4%

Grade 4 (bedridden) 57 4.5% 21 7.0% 4 4.5%

Unknown 112 8.9% 19 6.3% 7 8.0%

Nursing home resident 69 5.5% 7 2.3% 2 2.3% 0.0380

Moderate to severe comorbidities (number) 0.0005

0 790 63.0% 0 0.0% 0 0.0%

1 379 30.2% 216 72.2% 71 80.7%

≥  2 85 6.8% 83 27.8% 17 19.3%

Type comorbidity

Heart failure (NYHA III or IV) 166 13.2% 22 7.4% 4 4.5% 0.0020

COPD (Gold III or IV or equivalent) 143 11.4% 42 14.0% 5 5.7% 0.0905

Neurological (excluding dementia) 89 7.1% 13 4.3% 1 1.1% 0.0220

Liver cirrhosis (Child Pugh B or C) 72 5.7% 9 3.0% 1 1.1% 0.0410

Chronic renal failure requiring dialysis 46 3.7% 5 1.7% 3 3.4% 0.2204

Dementia (moderate or severe) 32 2.6% 6 2.0% 1 1.1% 0.7886

AIDS 13 1.0% 1 0.3% 0 0.0% 0.0005

Abuse 

Alcohol 166 13.2% 13 4.3% 2 2.3% 0.0005

Active smoking 241 19.2% 48 16.1% 1 1.1% 0.0005

Main admission reason(s)

Respiratory failure 289 23.0% 72 28.1% 29 33.0% 0.1067

Sepsis / severe sepsis / septic shock 222 17.7% 56 18.0% 45 51.1% 2.1E-13

Heart failure / cardiogenic shock 244 19.5% 26 8.7% 9 10.2% 1.1E-05

Neurologic pathology / Stroke / ICB 157 12.5% 18 6.0% 7 8.0% 0.0036

Gastro-intestinal pathology / liver failure  133 10.6% 32 10.7% 4 4.5% 0.1764

Metabolic / renal   108 8.6% 25 8.4% 11 12.5% 0.4425

Multiple trauma 92 7.3% 4 1.3% 0 0.0% 0.0005

Head trauma 55 4.4% 3 1.0% 0 0.0% 0.0005

Surgery within 48 hrs 400 31.9% 152 50.8% 8 9.1% 1.0E-14

Surgery < 2.2 E-16

No surgery 850 67.8% 140 46.8% 80 90.9%

Scheduled surgery 111 8.9% 93 31.1% 3 3.4%

Unscheduled surgery 293 23.4% 66 22.1% 5 5.7%

Do-not-resuscitate order before admission 0.0035

Full code 1132 90.3% 251 83.9% 80 90.9%

Unknown 57 4.5% 14 4.7% 4 4.5%

No CPR 34 2.7% 24 8.0% 3 3.4%

Withholding of therapy 31 2.5% 0 3.3% 1 1.1%

Severity of illness < 24 hrs after admission 

Invasive mechanical ventilation 616 49.1% 141 47.2% 27 30.7% 0.0036

Vasopressor need 443 35.3% 116 38.8% 24 27.3% 0.1330

Dialysis 47 3.7% 7 2.3% 1 1.1% 0.2909

Written withholding / withdrawing order  < 24 h 50 4.0% 17 5.7% 0 0.0% < 2.2 E-16

Characteristics during ICU stay  (non missing values)a n = 1165 n = 273 n = 73

Invasive mechanical ventilation 684 58.7% 154 56.4% 35 47.9% 0.1721

Duration of invasive ventilation (days) 1 (0 - 3) 1 (0 - 2) 0 (0 - 4) 0.6545

Vasopressor need 544 46.7% 137 50.2% 35 47.9% 0.5802

Duration of vasopressors (days) 0 (0 - 2) 1 (0 - 2) 0 (0 - 2) 0.4679

Dialysis 97 8.3% 17 6.2% 9 13.3% 0.2120

Duration of dialysis (days) 0 (0 - 0) 0 (0 - 0) 0 (0 - 0) 0.1903
aPercentages are related to the number of non-missing values

Hematological cancer (88 patients) Test results: p-valueNo cancer (1254 patients) Solid tumor (299 patients)

Patient characteristics
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App Table 6: Differences in characteristics between cancer status subgroups (part 1). 

 
 

 

 

 

 

 

number percentage
median                                      

(25th - 75th percentile)
number percentage

median                                      

(25th - 75th percentile)
number percentage

median                                      

(25th - 75th percentile)
Kruskal-Wallis test

Χ²-test / Fisher's exact 

test

Number of ICU beds / 100.000 inhabitants 11.6 (6.4 - 15.9) 13.8  (11.6- 15.9) 11.6 (6.4 - 15.9) 0.0013

Geographical region 0.0005

Central Europe 147 11.7% 15 12.8% 40 14.8%

Northern Europe 257 20.5% 7 6.0% 27 10.0%

Southern Europe 98 7.8% 7 6.0% 32 11.9%

Western Europe / USA 752 60.0% 88 75.2% 171 63.3%

number percentage
median                                      

(25th - 75th percentile)
number percentage

median                                      

(25th - 75th percentile)
number percentage

median                                      

(25th - 75th percentile)
Kruskal-Wallis test

Χ²-test / Fisher's exact 

test

Hospital type 0.0020

Public 318 25.4% 20 17.1% 47 17.4%

Private 77 6.1% 10 8.5% 7 2.6%

Universityaffiliated 178 14.2% 28 23.9% 43 15.9%

University 681 54.3% 59 50.4% 173 64.1%

Total beds in hospital 0.0002

<250 85 6.8% 20 17.1% 17 6.3%

250-499 271 21.6% 33 28.2% 58 21.5%

500-749 336 26.8% 15 12.8% 70 25.9%

>750 562 44.8% 49 41.9% 125 46.3%

number percentage
median                                      

(25th - 75th percentile)
number percentage

median                                      

(25th - 75th percentile)
number percentage

median                                      

(25th - 75th percentile)
Kruskal-Wallis test

Χ²-test / Fisher's exact 

test

Ethical climate 0.1261

Good 241 19.2% 26 22.2% 54 20.0%

Average + 552 44.0% 48 41.0% 97 35.9%

Poor  461 36.8% 43 36.8% 119 44.1%

Number of beds per ICU 14 (10 - 24) 12 (8 - 22) 12.5 (10 - 24.75) 0.0182

Percentage of population over 65 year  in ICUb 18 (18 - 18) 18 (18 - 18) 18 (18 - 18) 0.0005

Patient to nurse ratio 2 (1.3 - 3) 2 (2 - 2) 2 (1.4 - 3) 0.0409

Patient to junior physician ratio 4 (3 - 6) 5 (3 - 7) 4 (3 - 6) 0.0855

Patient to senior physician ratio 7 (4 - 8) 7 (6 - 8) 7 (5 - 8) 0.0825
bvariable considered as categorical because of the limited number of unique values

Hospital characteristics

ICU characteristics

Active cancer (117 patients)No cancer (1254 patients) Test results: p-valueNot active cancer (270 patients)

Country characteristics
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App Table 7: Differences in characteristics between cancer status subgroups (part 2). 

 

number percentage
median                                                        

(25th - 75th percentile)
number percentage

median                                                        

(25th - 75th percentile)
number percentage

median                                                        

(25th - 75th percentile)
Kruskal-Wallis test

Χ²-test / Fisher's exact 

test

Age (continuous) 63 (50 - 74) 66 (58 - 73) 67 (57 - 75) 0.002449

Age (categorical: 75 years or older) 308 24.6% 24 20.5% 73 27.0% 0.3849

Gender (male)  736 58.7% 63 53.8% 171 63.3% 0.1805

ECOG performance status 0.0005

Grade 0 (full functional) 475 37.9% 20 17.1% 78 28.9%

Grade 1 (symptomatic) 285 22.7% 30 25.6% 89 33.0%

Grade 2 (functional but not able to work) 169 13.5% 26 22.2% 45 16.7%

Grade 3 (limited functionality) 156 12.4% 21 17.9% 27 10.0%

Grade 4 (bedridden) 57 4.5% 9 7.7% 16 5.9%

Unknown 112 8.9% 11 9.4% 15 5.6%

Nursing home resident 69 5.5% 3 2.6% 6 2.2% 0.0340

Moderate to severe comorbidities (number) 0.0005

0 790 63.0% 0 0.0% 0 0.0%

1 379 30.2% 90 76.9% 197 73.0%

≥  2 85 6.8% 27 23.1% 73 23.0%

Type comorbidity

Heart failure (NYHA III or IV) 166 13.2% 5 4.3% 21 7.8% 0.0005

COPD (Gold III or IV or equivalent) 143 11.4% 12 10.3% 35 13.0% 0.6898

Neurological (excluding dementia) 89 7.1% 7 6.0% 7 2.6% 0.0215

Liver cirrhosis (Child Pugh B or C) 72 5.7% 0 0.0% 10 3.7% < 2.2E-16

Chronic renal failure requiring dialysis 46 3.7% 4 3.4% 4 1.5% 0.1629

Dementia (moderate or severe) 32 2.6% 1 0.9% 6 2.2% 0.6687

AIDS 13 1.0% 0 0.0% 1 0.4% < 2.2E-16

Abuse 

Alcohol 166 13.2% 1 0.9% 14 5.2% 0.0005

Active smoking 241 19.2% 10 8.5% 39 14.4% 0.0048

Main admission reason(s)

Respiratory failure 289 23.0% 36 30.8% 65 24.1% 0.1704

Sepsis / severe sepsis / septic shock 222 17.7% 34 29.1% 67 24.8% 0.0009

Heart failure / cardiogenic shock 244 19.5% 11 9.4% 24 8.9% 1.2E-05

Neurologic pathology / Stroke / ICB 157 12.5% 8 6.8% 17 6.3% 0.0020

Gastro-intestinal pathology / liver failure  133 10.6% 10 8.5% 26 9.6% 0.7234

Metabolic / renal   108 8.6% 14 12.0% 22 8.1% 0.4356

Multiple trauma 92 7.3% 0 0.0% 4 1.5% 0.0005

Head trauma 55 4.4% 1 0.9% 2 0.7% 0.0025

Surgery within 48 hrs 100 31.9% 38 32.5% 122 45.2% 0.0002

Surgery < 2.2E-16

No surgery 850 67.8% 79 67.5% 141 52.2%

Scheduled surgery 111 8.9% 19 16.2% 77 28.5%

Unscheduled surgery 293 23.4% 19 16.2% 52 19.3%

Do-not-resuscitate order before admission 0.0005

Full code 1132 90.3% 87 74.4% 224 90.4%

Unknown 57 4.5% 8 6.8% 10 3.7%

No CPR 34 2.7% 14 12.0% 13 4.8%

Withholding of therapy 31 2.5% 8 6.8% 3 1.1%

Severity of illness < 24 hrs after admission 

Invasive mechanical ventilation 616 49.1% 42 35.9% 126 46.7% 0.0217

Vasopressor need 443 35.3% 34 29.1% 106 39.3% 0.1495

Dialysis 47 3.7% 3 2.6% 5 1.9% 0.3053

Written withholding / withdrawing order  < 24 h 50 4.0% 11 9.4% 6 2.2% 0.0080

Characteristics during ICU stay  (non missing values)a n = 1165 n = 93 n = 253 

Invasive mechanical ventilation 684 58.7% 46 49.5% 143 56.5% 0.2002

Duration of invasive ventilation (days) 1  (0 - 3) 0  (0 - 3) 1  (0 - 3) 0.5583

Vasopressor need 544 46.7% 42 45.2% 130 51.4% 0.3626

Duration of vasopressors (days) 0  (0 - 2) 0  (0 - 2) 1  (0 - 2) 0.4729

Dialysis 97 8.3% 5 5.4% 21 8.3% 0.6702

Duration of dialysis (days) 0  (0 - 0) 0 (0 - 0) 0 (0 - 0) 0.6219
aPercentages are related to the number of non-missing values

Not active cancer (270 patients) Test results: p-valueNo cancer (1254 patients) Active cancer (117 patients)

Patient characteristics
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App Table 8: Differences in characteristics between surgery subgroups (part 1). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

number percentage
median                                              

(25th - 75th percentile)
number percentage

median                                              

(25th - 75th percentile)
number percentage

median                                              

(25th - 75th percentile)
Kruskal-Wallis test

Χ²-test / Fisher's exact 

test

Number of ICU beds / 100.000 inhabitants 11.6 (6.4 - 15.9) 11.6 (6.4 - 15.9) 11.6 (6.4 - 15.9) 0.3832

Geographical region 1.0E-13

Central Europe 95 8.9% 49 23.7% 58 15.9%

Northern Europe 214 20.0% 19 9.2% 58 15.9%

Southern Europe 71 6.6% 14 6.8% 52 14.3%

Western Europe / USA 690 64.5% 125 60.4% 196 53.8%

number percentage
median                                              

(25th - 75th percentile)
number percentage

median                                              

(25th - 75th percentile)
number percentage

median                                              

(25th - 75th percentile)
Kruskal-Wallis test

Χ²-test / Fisher's exact 

test

Hospital type 0.0005

Public 273 25.5% 23 11.1% 89 24.5%

Private 74 6.9% 2 1.0% 18 4.9%

Universityaffiliated 185 17.3% 22 10.6% 42 11.5%

University 538 50.3% 160 77.3% 215 59.1%

Total beds in hospital 8.9E-08

<250 99 9.3% 2 1.0% 21 5.8%

250-499 234 21.9% 43 20.8% 85 23.4%

500-749 299 27.9% 35 16.9% 87 23.9%

>750 438 40.9% 127 61.4% 171 47.0%

number percentage
median                                              

(25th - 75th percentile)
number percentage

median                                              

(25th - 75th percentile)
number percentage

median                                              

(25th - 75th percentile)
Kruskal-Wallis test

Χ²-test / Fisher's exact 

test

Ethical climate < 2.2 E-16

Good 258 24.1% 25 12.1% 38 10.4%

Average + 483 45.1% 56 27.1% 158 43.4%

Poor  329 30.7% 126 60.9% 168 46.2%

Number of beds per ICU 13 (10 - 22) 24 (11 - 44) 14 (10 - 40) 1.378E-11

Percentage of population over 65 year  in ICUb 18 (18 - 18) 18 (18 - 18) 18 (18 - 18) 0.0005

Patient to nurse ratio 2 (1.4 - 3) 2 (1.4 - 3) 2 (1.375 - 2) 0.06405

Patient to junior physician ratio 4 (3 - 6) 4 (3 - 6) 4 (3 - 6) 0.7581

Patient to senior physician ratio 6 (5 - 8) 7 (5 - 8) 7 (5 - 8) 0.5132
bvariable considered as categorical because of the limited number of unique values

Hospital characteristics

ICU characteristics

Scheduled surgery  ( 207 patients)No surgercy ( 1070 patients) Test results: p-valueUnscheduled surgery ( 364 patients)

Country characteristics
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App Table 9: Differences in characteristics between surgery subgroups (part 2). 

number percentage
median                                              

(25th - 75th percentile)
number percentage

median                                              

(25th - 75th percentile)
number percentage

median                                              

(25th - 75th percentile)
Kruskal-Wallis test

Χ²-test / Fisher's exact 

test

Age (continuous) 64 (51 - 73.75) 67 (55 - 76) 64 (51 - 75) 0.01578

Age (categorical: 75 years or older) 243 22.7% 65 31.4% 97 26.6% 0.0181

Gender (male)  631 59.0% 128 61.8% 211 58.0% 0.6566

ECOG performance status 3.4E-08

Grade 0 (full functional) 347 32.4% 70 33.8% 156 42.9%

Grade 1 (symptomatic) 236 22.1% 82 39.6% 86 23.6%

Grade 2 (functional but not able to work) 168 15.7% 25 12.1% 47 12.9%

Grade 3 (limited functionality) 152 14.2% 13 6.3% 39 10.7%

Grade 4 (bedridden) 62 5.8% 8 3.9% 12 3.3%

Unknown 105 9.8% 9 4.4% 24 6.6%

Nursing home resident 62 5.8% 6 2.9% 10 2.7% 0.0251

Moderate to severe comorbidities (number) 3.5E-06

0 516 48.2% 68 32.9% 206 56.6%

1 436 40.7% 105 50.7% 125 34.3%

≥  2 118 11.0% 34 16.4% 33 9.1%

Type comorbidity

Solid tumor 145 13.6% 93 44.9% 66 18.1% < 2.2 E-16

Heart failure (NYHA III or IV) 119 11.1% 29 14.0% 44 12.1% 0.47990

COPD (Gold III or IV or equivalent) 134 12.5% 25 12.1% 31 8.5% 0.11550

Neurological (excluding dementia) 81 7.6% 9 4.3% 13 3.6% 0.01179

Hematological malignancy 83 7.8% 4 1.9% 5 1.4% 0.0005

Liver cirrhosis (Child Pugh B or C) 57 5.3% 6 2.9% 19 5.2% 0.3322

Chronic renal failure requiring dialysis 36 3.4% 8 3.9% 10 2.7% 0.7518

Dementia (moderate or severe) 26 2.4% 4 1.9% 9 2.5% 0.9465

AIDS 14 1.3% 0 0.0% 0 0.0% < 2.2 E-16

Abuse 

Alcohol 143 13.4% 10 4.8% 28 7.7% 0.0001

Active smoking 195 18.2% 35 16.9% 60 16.5% 0.7187

Main admission reason(s)

Respiratory failure 336 31.4% 14 6.8% 40 11.0% < 2.2 E-16

Sepsis / severe sepsis / septic shock 256 23.9% 8 3.9% 59 16.2% 4.3E-11

Heart failure / cardiogenic shock 148 13.8% 29 14.0% 102 28.0% 1.8E-09

Neurologic pathology / Stroke / ICB 134 12.5% 3 1.4% 45 12.4% 0.0005

Gastro-intestinal pathology / liver failure  93 8.7% 9 4.3% 67 18.4% 1.0E-08

Metabolic / renal   128 12.0% 4 1.9% 12 3.3% 0.0005

Multiple trauma 64 6.0% 0 0.0% 32 8.8% < 2.2 E-16

Head trauma 37 3.5% 0 0.0% 21 5.8% < 2.2 E-16

Surgery within 48 hrs 0 0.0% 196 94.7% 364 100.0% < 2.2 E-16

Do-not-resuscitate order before admission 0.0005

Full code 937 87.6% 199 96.1% 327 89.8%

Unknown 47 4.4% 8 3.9% 20 5.5%

No CPR 51 4.8% 0 0.0% 10 2.7%

Withholding of therapy 35 3.3% 0 0.0% 7 1.9%

Severity of illness < 24 hrs after admission 

Invasive mechanical ventilation 409 38.2% 129 62.3% 246 67.6% < 2.2 E-16

Vasopressor need 305 28.5% 101 48.8% 177 48.6% 4.2E-15

Dialysis 42 3.9% 3 1.4% 10 2.7% 0.1454

Written withholding / withdrawing order  < 24 h 60 5.6% 1 0.5% 6 1.6% 0.0005

Characteristics during ICU stay  (non missing values)a n = 970 n = 199 n = 342

Invasive mechanical ventilation 485 50.0% 137 68.8% 251 73.4% 1.5E-15

Duration of invasive ventilation (days) 0.5 (0 - 3) 1 (0 - 1) 1 (0 - 3) 0.00003336

Vasopressor need 399 41.1% 115 57.8% 202 59.1% 5.7E-10

Duration of vasopressors (days) 0 (0 - 2) 1 (0 - 2) 1 (0 - 2) 0.000006911

Dialysis 85 8.8% 9 4.5% 29 8.5% 0.1328

Duration of dialysis (days) 0 (0 - 0) 0 (0 - 0) 0 (0 - 0) 0.1582
aPercentages are related to the number of non-missing values

Unscheduled surgery ( 364 patients) Test results: p-valueNo surgercy ( 1070 patients) Scheduled surgery  ( 207 patients)

Patient characteristics
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A.2.2 Comparison of the number of PECs 
 

 
App Table 10: Differences in number of PECs between age subgroups. 

 
 

 

 
App Table 11: Differences in number of PECs between cancer type subgroups. 

 
 

 

 
App Table 12: Pairwise comparisons in number of PECs between cancer type subgroups. 

 
 

 

 
App Table 13: Differences in number of PECs between cancer status subgroups. 

 
 

 

 
App Table 14: Pairwise comparisons in number of PECs between cancer status subgroups. 

 
 

 

 
App Table 15: Differences in number of PECs between surgery subgroups. 

 

p-value X²-test / 

Fisher's exact test

Estimated difference in risk (older - younger) 

of concordant PECs [95 % CI]

PECs Number Percentage Number Percentage 0.0038

0 or 1 PEC 1131 91.5% 350 86.4%

≥ 2 PEC 105 8.5% 55 13.6% 5.1 %   [1.2 % , 8.9 %]

< 75 year old                             

(1236 patients)

≥ 75 year old                             

(405 patients)

p-value X²-test / 

Fisher's exact test

PECs Number Percentage Number Percentage Number Percentage 0.2206

0 or 1 PEC 1140 90.9% 265 88.6% 76 86.4%

≥ 2 PEC 114 9.1% 34 11.4% 12 13.6%

No cancer                              

(1254 patients)

Solid tumor                            

(299 patients)
Hematological cancer           

(88 patients)

Group 1 Group 2

-2.2 %   [-11.0 %, 6.5 %]

-4.5 %   [-12.5 %, 3.4 %]

-2.3 %   [-6.4 %, 1.9 %]

Estimated difference in risk (group 1 - group 2) 

of concordant PECs [95 % CI]

No cancer Solid tumor

No cancer Hematological cancer

Solid tumor Hematological cancer

p-value X²-test / 

Fisher's exact test 

0.6967

0.2209

0.2726

p-value X²-test / 

Fisher's exact test

PECs Number Percentage Number Percentage Number Percentage 0.0002

0 or 1 PEC 1140 90.9% 93 79.5% 248 91.9%

≥ 2 PEC 114 9.1% 24 20.5% 22 8.1%

No cancer                             

(1254 patients)

Active cancer                         

(117 patients)

Not active cancer                         

(270 patients)

Estimated difference in risk (group 1 - group 2) 

of concordant PECs [95 % CI]

-11.4 %   [-19.4 %, -3.5 %]

1.0 %  [-2.9 %, 4.8 %]

12.4 %   [3.7 %, 21.0 %]

Group 1 Group 2
p-value X²-test / 

Fisher's exact test 

No cancer Active cancer 0.0002

No cancer Not active cancer 0.7075

Active cancer Not active cancer 0.0010

p-value X²-test / 

Fisher's exact test

PECs Number Percentage Number Percentage Number Percentage 0.0376

0 or 1 PEC 957 89.4% 197 95.2% 327 89.8%

≥ 2 PEC 113 10.6% 10 4.8% 37 10.2%

No surgercy                            

(1070 patients)

Scheduled surgery               

(207 patients)

Unscheduled surgery              

(364 patients)



11 

 

App Table 16: Pairwise comparisons in number of PECs between surgery subgroups. 

 
 

 

A.3 Risks 
 

A.3.1 Risk of death within 28 days 
 

 
App Table 17: Comparison of age subgroups within the group of patients with and without concordant PECs – number of 
patients who died within 28 days. 

 
 

 
App Table 18: Comparison of cancer type subgroups within the group of patients with and without concordant PECs – number 
of patients who died within 28 days. 

 
 

 
App Table 19: Comparison of cancer status subgroups within the group of patients with and without concordant PECs – number 
of patients who died within 28 days. 

 

No surgery Unscheduled surgery 0.9092 0.4 %   [-3.4 %, 4.2 %]

Scheduled surgery Unscheduled surgery 0.0384 -5.4 %   [-10.0, -0.7]

p-value X²-

test / Fisher's 

Estimated difference in risk (group 1 - group 2) 

of concordant PECs [95 % CI]

No surgery Scheduled surgery 0.0151 5.8 %  [2.0 %, 9.5%]

Group 1 Group 2

number percentage (%) number percentage (%)

< 2 PECs 1131 100% 350 100%

alive after 28 days 923 81.6% 258 73.7%

dead after 28 days 168 14.9% 79 22.6%

lost to follow up 40 3.5% 13 3.7%

≥ 2 PECs 105 100% 55 100%

alive after 28 days 41 39.0% 22 40.0%

dead after 28 days 63 60.0% 33 60.0%

lost to follow up 1 1.0% 0 0.0%

* category: "lost to follow up" not used for test

< 75 year old (1236 patients) ≥ 75 year old (405 patients)

1

0.0009

p-value Fisher's 

exact test

number percentage (%) number percentage (%) number percentage (%)

< 2 PECs 1140 100% 265 100% 76 100%

alive after 28 days 922 80.9% 211 79.6% 48 63.2%

dead after 28 days 176 15.4% 46 17.4% 25 32.9%

lost to follow up 42 3.7% 8 3.0% 3 3.9%

≥ 2 PECs 114 100% 34 100% 12 100%

alive after 28 days 44 38.6% 16 47.1% 3 25.0%

dead after 28 days 69 60.5% 18 52.9% 9 75.0%

lost to follow up 1 0.9% 0 0.0% 0 0.0%

* category: "lost to follow up" not used for test

No cancer (1254 patients) Solid tumor (299 patients) Hematological cancer (88 patients)

0.0020

0.4478

p-value Fisher's 

exact test

number percentage (%) number percentage (%) number percentage (%)

< 2 PECs 1140 100% 93 100% 248 100%

alive after 28 days 922 80.9% 62 66.7% 197 79.4%

dead after 28 days 176 15.4% 22 23.7% 49 19.8%

lost to follow up 42 3.7% 9 9.7% 2 0.8%

≥ 2 PECs 114 100% 24 100% 22 100%

alive after 28 days 44 38.6% 9 37.5% 10 45.5%

dead after 28 days 69 60.5% 15 62.5% 12 54.5%

lost to follow up 1 0.9% 0 0.0% 0 0.0%

* category: "lost to follow up" not used for test

No cancer (1254 patients) Active cancer (117 patients) Not active cancer (270 patients)

0.0320

0.8631

p-value Fisher's 

exact test



12 

 

App Table 20: Comparison of surgery subgroups within the group of patients with and without concordant PECs – number of 
patients who died within 28 days. 

 
 

 

 

A.3.2 Risk of death within 1 year 
 

 
App Table 21: Comparison of age subgroups within the group of patients with and without concordant PECs – number of 
patients who died within 1 year. 

 
 

 

 
App Table 22: Comparison of cancer type subgroups within the group of patients with and without concordant PECs – number 
of patients who died within 1 year. 

 
 

 

 

 

number percentage (%) number percentage (%) number percentage (%)

< 2 PECs 957 100% 197 100% 327 100%

alive after 28 days 710 74.2% 188 95.4% 283 86.5%

dead after 28 days 200 20.9% 8 4.1% 39 11.9%

lost to follow up 47 4.9% 1 0.5% 5 1.5%

≥ 2 PECs 113 100% 10 100% 37 100%

alive after 28 days 39 34.5% 8 80.0% 16 43.2%

dead after 28 days 73 64.6% 2 20.0% 21 56.8%

lost to follow up 1 0.9% 0 0.0% 0 0.0%

* category: "lost to follow up" not used for test

No surgery (1070 patients) Scheduled surgery (207 patients) Unscheduled surgery (364 patients)

0.0210

0.0005

p-value Fisher's 

exact test

number percentage (%) number percentage (%)

< 2 PECs 1131 100% 350 100%

alive after 1 year 656 58.0% 179 51.1%

dead after 1 year 285 25.2% 126 36.0%

lost to follow up 190 16.8% 45 12.9%

≥ 2 PECs 105 100% 55 100%

alive after 1 year 17 16.2% 9 16.4%

dead after 1 year 84 80.0% 44 80.0%

lost to follow up 4 3.8% 2 3.6%

* category: "lost to follow up" not used for test

< 75 year old (1236 patients) ≥ 75 year old (405 patients)

1

0.0005

p-value 

Fisher's exact 

number percentage (%) number percentage (%) number percentage (%)

< 2 PECs 1140 100% 265 100% 76 100%

alive after 1 year 675 59.2% 131 49.4% 29 38.2%

dead after 1 year 273 23.9% 99 37.4% 39 51.3%

lost to follow up 192 16.8% 35 13.2% 8 10.5%

≥ 2 PECs 114 100% 34 100% 12 100%

alive after 1 year 20 17.5% 4 11.8% 2 16.7%

dead after 1 year 89 78.1% 29 85.3% 10 83.3%

lost to follow up 5 4.4% 1 2.9% 0 0.0%

* category: "lost to follow up" not used for test

No cancer (1254 patients) Solid tumor (299 patients) Hematological cancer (88 patients)

0.0005

0.7811

p-value Fisher's 

exact test
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App Table 23: Comparison of cancer status subgroups within the group of patients with and without concordant PECs – number 
of patients who died within 1 year. 

 
 

 

 
App Table 24: Comparison of surgery subgroups within the group of patients with and without concordant PECs – number of 
patients who died within 1 year. 

 
 

 

 

A.3.3 Risk of combined endpoint 
 

 
App Table 25: Comparison of age subgroups within the group of patients with and without concordant PECs – number of 
patients who reached CEP. 

 
 

 

 

number percentage (%) number percentage (%) number percentage (%)

< 2 PECs 1140 100% 9 100% 248 100%

alive after 1 year 675 59.2% 31 33.3% 129 52.0%

dead after 1 year 273 23.9% 43 46.2% 95 38.0%

lost to follow up 192 16.8% 19 20.4% 24 9.7%

≥ 2 PECs 114 100% 24 100% 22 100%

alive after 1 year 20 17.5% 2 8.3% 4 18.2%

dead after 1 year 89 78.1% 22 91.7% 17 77.3%

lost to follow up 5 4.4% 0 0.0% 1 4.5%

* category: "lost to follow up" not used for test

No cancer (1254 patients) Active cancer (82 patients) Not active cancer (222 patients)

0.0005

0.5262

p-value Fisher's 

exact test

number percentage (%) number percentage (%) number percentage (%)

< 2 PECs 957 100% 197 100% 327 100%

alive after 1 year 463 48.4% 154 78.2% 218 66.7%

dead after 1 year 312 32.6% 29 14.7% 70 21.4%

lost to follow up 182 19.0% 14 7.1% 39 11.9%

≥ 2 PECs 113 100% 10 100% 37 100%

alive after 1 year 13 11.5% 4 40.0% 9 24.3%

dead after 1 year 94 83.2% 6 60.0% 28 75.7%

lost to follow up 6 5.3% 0 0.0% 0 0.0%

* category: "lost to follow up" not used for test

No surgery (1070 patients) Scheduled surgery (207 patients) Unscheduled surgery (364 patients)

0.0310

0.0005

p-value Fisher's 

exact test

number percentage (%) number percentage (%)

< 2 PECs 1131 100% 350 100%

Lost to follow up 273 24.1% 58 16.6%

Not reaching combined endpoint 405 35.8% 112 32.0%

Reaching combined endpoint 453 40.1% 180 51.4%

                 1) dead 285 25.2% 126 36.0%

                 2) not at home / bad QOL 168 14.9% 54 15.4%

≥ 2 PECs 105 100% 55 100%

Lost to follow up 5 4.8% 3 5.5%

Not reaching combined endpoint 7 6.7% 5 9.1%

Reaching combined endpoint 93 88.6% 47 85.5%

                 1) dead 84 80.0% 44 80.0%

                 2) not at home / bad QOL 9 8.6% 3 5.5%

< 75 year old (1236 patients) ≥ 75 year old (405 patients) p-value Fisher's 

exact test

0.0096

0.5455
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App Table 26: Comparison of cancer type subgroups within the group of patients with and without concordant PECs – number 
of patients who reached CEP. 

 
 

 

 
App Table 27: Comparison of cancer status subgroups within the group of patients with and without concordant PECs – number 
of patients who reached CEP. 

 
 

 

 
App Table 28: Comparison of surgery subgroups within the group of patients with and without concordant PECs – number of 
patients who reached CEP. 

 
 

 

 

number percentage (%) number percentage (%) number percentage (%)

< 2 PECs 1140 100% 265 100% 76 100%

Lost to follow up 268 23.5% 49 18.5% 14 18.4%

Not reaching combined endpoint 419 36.8% 85 32.1% 13 17.1%

Reaching combined endpoint 453 39.7% 131 49.4% 49 64.5%

                 1) dead 273 23.9% 99 37.4% 39 51.3%

                 2) not at home / bad QOL 180 15.8% 32 12.1% 10 13.2%

≥ 2 PECs 114 100% 34 100% 12 100%

Lost to follow up 7 6.1% 1 2.9% 0 0.0%

Not reaching combined endpoint 8 7.0% 3 8.8% 1 8.3%

Reaching combined endpoint 99 86.8% 30 88.2% 11 91.7%

                 1) dead 89 78.1% 29 85.3% 10 83.3%

                 2) not at home / bad QOL 10 8.8% 1 2.9% 1 8.3%

No cancer (1254 patients) Solid tumor (299 patients) Hematological cancer (88 patients) p-value Fisher's 

exact test

0.8856

0.0005

number percentage (%) number percentage (%) number percentage (%)

< 2 PECs 1140 100% 93 100% 248 100%

Lost to follow up 268 23.5% 23 24.7% 40 16.1%

Not reaching combined endpoint 419 36.8% 16 17.2% 82 33.1%

Reaching combined endpoint 453 39.7% 54 58.1% 126 50.8%

                 1) dead 273 23.9% 43 46.2% 95 38.3%

                 2) not at home / bad QOL 180 15.8% 11 11.8% 31 12.5%

≥ 2 PECs 114 100% 24 100% 22 100%

Lost to follow up 7 6.1% 0 0.0% 1 4.5%

Not reaching combined endpoint 8 7.0% 1 4.2% 3 13.6%

Reaching combined endpoint 99 86.8% 23 95.8% 18 81.8%

                 1) dead 89 78.1% 22 91.7% 17 77.3%

                 2) not at home / bad QOL 10 8.8% 1 4.2% 1 4.5%

0.4938

No cancer (1254 patients) Active cancer (117 patients) Not active cancer (270 patients) p-value Fisher's 

exact test

0.0005

number percentage (%) number percentage (%) number percentage (%)

< 2 PECs 957 100% 197 100% 327 100%

Lost to follow up 243 25.4% 25 12.7% 63 19.3%

Not reaching combined endpoint 263 27.5% 107 54.3% 147 45.0%

Reaching combined endpoint 451 47.1% 65 33.0% 117 35.8%

                 1) dead 312 32.6% 29 14.7% 70 21.4%

                 2) not at home / bad QOL 139 14.5% 36 18.3% 47 14.4%

≥ 2 PECs 113 100% 10 100% 37 100%

Lost to follow up 6 5.3% 1 10.0% 1 2.7%

Not reaching combined endpoint 6 5.3% 2 20.0% 4 10.8%

Reaching combined endpoint 101 89.4% 7 70.0% 32 86.5%

                 1) dead 94 83.2% 6 60.0% 28 75.7%

                 2) not at home / bad QOL 7 6.2% 1 10.0% 4 10.8%

No surgery (1070 patients) Scheduled surgery (207 patients) Unscheduled surgery (364 patients) p-value Fisher's 

exact test

0.1164

0.0005
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A.3.4 Risk of TLD 
 

 
App Table 29: Comparison of age subgroups within the group of patients with and without concordant PECs – number of 
patients with TLD. 

 
 

 
App Table 30: Comparison of cancer type subgroups within the group of patients with and without concordant PECs – number 
of patients with TLD. 

 
 

 
App Table 31: Comparison of cancer status subgroups within the group of patients with and without concordant PECs – number 
of patients with TLD. 

 
 

 
App Table 32: Comparison of surgery subgroups within the group of patients with and without concordant PECs – number of 
patients with TLD. 

 
 

number percentage (%) number percentage (%)

< 2 PECs 1131 100% 350 100%

no TLD 1078 95.3% 311 88.9%

TLD 53 4.7% 39 11.1%

≥ 2 PECs 105 100% 55 100%

no TLD 72 68.6% 37 67.3%

TLD 33 31.4% 18 32.7%

< 75 year old (1236 patients) ≥ 75 year old (405 patients)

0.8604

3.8E-05

p-value Fisher's 

exact test

number percentage (%) number percentage (%) number percentage (%)

< 2 PECs 1140 100% 265 100% 76 100%

no TLD 1069 93.8% 248 93.6% 72 94.7%

TLD 71 6.2% 17 6.4% 4 5.3%

≥ 2 PECs 114 100% 34 100% 12 100%

no TLD 75 65.8% 24 70.6% 10 83.3%

TLD 39 34.2% 10 29.4% 2 16.7%
0.4908

0.9790

No cancer (1254 patients) Solid tumor (299 patients) Hematological cancer (88 patients) p-value Fisher's 

exact test

number percentage (%) number percentage (%) number percentage (%)

< 2 PECs 1140 100% 93 100% 248 100%

no TLD 1069 93.8% 84 90.3% 236 95.2%

TLD 71 6.2% 9 9.7% 12 4.8%

≥ 2 PECs 114 100% 24 100% 22 100%

no TLD 75 65.8% 18 75.0% 16 72.7%

TLD 39 34.2% 6 25.0% 6 27.3%
0.6872

0.2704

No cancer (1254 patients) Active cancer (117 patients) Not active cancer (270 patients) p-value Fisher's 

exact test

number percentage (%) number percentage (%) number percentage (%)

< 2 PECs 957 100% 197 100% 327 100%

no TLD 878 91.7% 195 99.0% 316 96.6%

TLD 79 8.3% 2 1.0% 11 3.4%

≥ 2 PECs 113 100% 10 100% 37 100%

no TLD 75 66.4% 9 90.0% 25 67.6%

TLD 38 33.6% 1 10.0% 12 32.4%

0.0005

0.3538

No surgery (1070 patients) Scheduled surgery (207 patients) Unscheduled surgery (364 patients) p-value Fisher's 

exact test
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A.4 Unweighted cumulative incidence curves – Schoenfeld residuals 
 

A.4.1 Summary  
 

All hazard ratios mentioned in sections 7 and 9 were obtained via the (cause-specific) Cox 

proportional hazard models that were fitted to the data. The proportional hazard assumptions 

have been checked again by plotting the Schoenfeld residuals in function of the time (see App 

Figure 1 to App Figure 12 for the unweighted cases and App Figure 13 to App Figure 24 for 

the weighted cases). For the unweighted model to estimate the cause-specific hazard rate or 

receiving concordant PECs for the cancer type subgroups and for the weighted models to 

estimate the cause-specific hazard rate or receiving concordant PECs for the cancer type and 

cancer status subgroups, the Schoenfeld residuals did vary in function of the time and the 

proportional hazard assumption didn’t hold (p-values were 0.0066, 0.0105 and 0.0156 

respectively). In all other cases the proportional hazard assumption did hold (p-values between 

0.0502 and 0.9292).  

 

 

A.4.2 Age subgroups 
 

 
App Figure 1: Schoenfeld residuals for age-coefficient for time from admission until receiving 2nd PEC.  

 

 
App Figure 2: Schoenfeld residuals for age-coefficient for time between receiving 2nd PEC and death or CEP. 
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App Figure 3: Schoenfeld residuals for age-coefficient for time between receiving 2nd PEC and TLD. 

 

 

 

A.4.3 Cancer type subgroups 
 

 

 
App Figure 4: Schoenfeld residuals for cancer type coefficients for time from admission until receiving 2nd PEC. 
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App Figure 5: Schoenfeld residuals for cancer type coefficients for time between receiving 2nd PEC and death or CEP. 

 

 

 

 
App Figure 6: Schoenfeld residuals for cancer type coefficients for time between receiving 2nd PEC and TLD. 
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A.4.4 Cancer status subgroups 
 

 

 
App Figure 7: Schoenfeld residuals for cancer status coefficients for time from admission until receiving 2nd PEC. 

 

 

 
App Figure 8: Schoenfeld residuals for cancer status coefficients for time between receiving 2nd PEC and death or CEP. 
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App Figure 9: Schoenfeld residuals for cancer status coefficients for time between receiving 2nd PEC and TLD. 

 

 

A.4.5 Surgery subgroups 
 

 

 
App Figure 10: Schoenfeld residuals for surgery coefficients for time from admission until receiving 2nd PEC. 
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App Figure 11: Schoenfeld residuals for surgery coefficients for time between receiving 2nd PEC and death or CEP. 

 

 

 

 
App Figure 12: Schoenfeld residuals for surgery coefficients for time between receiving 2nd PEC and TLD. 
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A.5 Weighting 
 

A.5.1 Goodness-of-fit tests for multinomial regression models 
 

As was explained in section 8, multinomial logistic regression models have been built to 

estimate the propensity scores for all patients. The goodness of fit of these models has been 

assesed by the “Le Cessie-van Houwelingen-Copas-Hosmer” test. The resulting p-values of the 

different tests have been presented in App Table 33. No evidence for a lack of fit for any of the 

models has been detected.  

 

 
App Table 33: p-values Le Cessie-van Houwelingen-Copas-Hosmer goodness-of-fit test. 

 
 

 

 

A.5.2 Range of weights 
 
App Table 34: Minimum, 25th percentile, median, mean, 75th percentile and maximum value of different types of weights.  

 

 

 

 

 

Subgroup p-value

Age subgoups 0.264

Cancer type subgoups

hematological cancer 0.962

solid cancer 0.172

no cancer 0.054

Cancer status subgoups

active cancer 0.052

not active cancer 0.161

no cancer 0.360

Surgery subgoups

No surgery 0.059

Scheduled surgery 0.113

Unscheduled surgery 0.345

Minimum 25
th

 percentile Median Mean 75
th

 percentile Maximum

Weights for age 1.00 1.17 1.36 1.81 1.89 5.03

Weights for cancer type 1.00 1.02 1.08 1.07 1.71 5.76

Weights for cancer status 1.00 1.02 1.09 1.77 1.70 6.26

Weights for surgery type 1.00 1.18 1.48 2.29 2.49 7.98
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A.6 Weighted cumulative incidence curves – Schoenfeld residuals 
 

A.6.1 Age subgroups 
 

 
App Figure 13: Schoenfeld residuals for age-coefficient for time from admission until receiving 2nd PEC – weighted. 

 

 
App Figure 14: Schoenfeld residuals for age-coefficient for time between receiving 2nd PEC and death or CEP – weighted. 

 

 
App Figure 15: Schoenfeld residuals for age-coefficient for time between receiving 2nd PEC and TLD – weighted.  
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A.6.2 Cancer type subgroups 
 

 
App Figure 16: Schoenfeld residuals for cancer type coefficients for time from admission until receiving 2nd PEC – weighted.  

 

 

 
App Figure 17: Schoenfeld residuals for cancer type coefficients for time between receiving 2nd PEC and death or CEP – 
weighted.  
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App Figure 18: Schoenfeld residuals for cancer type coefficients for time between receiving 2nd PEC and TLD – weighted. 

 

A.6.3 Cancer status subgroups 
 

 

 
App Figure 19: Schoenfeld residuals for cancer status coefficients for time from admission until receiving 2nd PEC – weighted. 
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App Figure 20: Schoenfeld residuals for cancer status coefficients for time between receiving 2nd PEC and death or CEP – weighted.  

 

 

 

 
App Figure 21: Schoenfeld residuals for cancer status coefficients for time between receiving 2nd PEC and TLD – weighted. 
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A.6.4 Surgery subgroups 
 

 

 
App Figure 22:  Schoenfeld residuals for surgery coefficients for time from admission until receiving 2nd PEC – weighted.  

 

 

 
App Figure 23: Schoenfeld residuals for surgery coefficients for time between receiving 2nd PEC and death or CEP – weighted. 
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App Figure 24: Schoenfeld residuals for surgery coefficients for time between receiving 2nd PEC and TLD – weighted.  


