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About the presentation

• Aimed at analysts:
−Familiar with survival analysis
−Seeking to learn how to implement survival analysis with 

competing risks.
• Provides an overview of the method
• Walks through an example using a novel way to look at 

healthcare treatment wait time data
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Introduction
When do we use survival analysis?

• The response of interest is the time until the 
occurrence of a well-defined event 

• For some subject/units the event of interest has not 
been observed  
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Introduction
What are censored observations?

• For subjects that have not experienced the event of 
interest we do not know whether or when they will 
experience it

• Only know they have not done so by the time the 
data are analyzed
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Introduction
Censored Observations

• Assumed to be:
• Random
• Non-informative  

• The reason for censoring is independent of the 
event of interest.

• Have the same future risk of the event of interest as 
subjects who have not been censored and have not 
had the event of interest

Presenter
Presentation Notes
This means the time at which a subject experiences the event of interest is independent of what would cause the subject to be censored.Thus, at a given point in time, subjects who are censored are assumed to have the same future risk of the event of interest as subjects who have not been censored and have not had the event of interest as of that time.
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Introduction
Survivor Function

• S(t)

• The probability that the event of interest has not 
occurred by time t given still being at risk of having 
the event of interest.

• Bound by 0 and ∞ where S(0)=1 and S(∞)=0

• Given enough time, the event of interest is bound to 
occur in each subject
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Introduction
Competing risk events

• A subject may experience an event or events other 
than the one of interest which either hinders the 
event of interest from happening or alters the 
probability of experiencing the event of interest. 

Presenter
Presentation Notes
These assumptions may not always hold. Sometimes, a subject may experience an event or events other than the one of interest which either hinders the event of interest from happening or alters the probability of experiencing the event of interest. These types of events are referred to as competing risk events.



SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS Institute Inc. in the USA and other countries. ® indicates USA registration. Other brand and product names are trademarks of their respective companies.

#SASGF

Introduction
Competing risk events - Example

• Time to colonoscopy for clients on a wait list for 
receipt of a colonoscopy

• Event of interest = receipt of colonoscopy

• Censored = still on wait list at time of analysis

Presenter
Presentation Notes
In order to look at time to colonoscopy for clients on a wait list for receipt of a colonoscopy, every client will be followed from the time they get on the wait list until the date they receive the colonoscopy. Thus, the event of interest is receipt of colonoscopy and every client who has a colonoscopy will be considered an ‘event’ at their date of colonoscopy. A client who is still on the wait list waiting for a colonoscopy at the time the analysis occurs would be considered ‘censored’. 
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Introduction
Competing risk events - Example

• What if the client:
• Dies
• Opts out from having colonoscopy
• Is assessed by a nurse who determines colonoscopy is not 

required

• The ‘risk’ has changed

• Event of interest will not occur

• Therefore, these events are competing risk events 

Presenter
Presentation Notes
Now what if a client on the wait list dies, decides to opt out from having the colonoscopy or perhaps they have been assessed by a nurse who determines the client actually does not require the colonoscopy?  At the time these events/decisions are made, the ‘risk’ of the client receiving a colonoscopy has changed. In these examples, the event of interest will not occur and therefore these events are competing risk events
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Key Concepts
Hazard Function

• h(t)
• The instantaneous risk of experiencing the event at 

time t, given being event free until that time

• H(t)
• The hazard function added over time from time 0 to 

time t.

Cumulative Hazard Function
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Key Concepts
Survivor Function

• S(t)

• Has a one-to-one link to the cumulative hazard 
function for that event by:

S t = e−H(t)

Presenter
Presentation Notes
is the probability that the event of interest has not occurred by time t given being at risk of having the event.  The survivor function for the event of interest has a one-to-one link to the cumulative hazard function for that event by
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Key Concepts
Cumulative Incidence Function (CIF)

• Is one minus the survivor function

• Also a direct relationship between the CIF and the 
hazard function. 

F t = 1 − e−H(t)

• Often obtained using the non-parametric Kaplan-
Meier (KM) method.

Presenter
Presentation Notes
The cumulative incidence function (CIF) is one minus the survivor function and therefore there is also a direct relationship between the CIF and the hazard function.  F t =1− e −H(t) The CIF is often obtained using the non-parametric Kaplan-Meier (KM) method.
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Key Concepts
Cause Specific Hazard of an event of interest

• The instantaneous risk of experiencing event k at 
time t, given not having experienced any other type 
of events up until that time.

• If we assume independence of all events then KM 
estimator could be used to obtain the cause-specific 
hazard function of the kth event. 

• Computed for the kth event by treating all the other 
events as censored.

Presenter
Presentation Notes
In a competing risk event setting, where there are k events (this includes the main event of interest as well as the competing risk events)



SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS Institute Inc. in the USA and other countries. ® indicates USA registration. Other brand and product names are trademarks of their respective companies.

#SASGF

Key Concepts
Cause Specific Hazard of an event of interest

• Example: 2 events; 

Event of interest Censor

Receipt of colonoscopy Nurse assessment with outcome of 
not proceeding to colonoscopy

Nurse assessment with outcome of 
not proceeding to colonoscopy

Receipt of colonoscopy

Presenter
Presentation Notes
Consider an example of where there are 2 events; receipt of colonoscopy and nurse assessment with outcome of not proceeding to colonoscopy.  The cause-specific hazard of receipt of colonoscopy would be obtained by censoring the nurse assessments with the outcome of clients not proceeding to colonoscopy and the cause-specific hazard for nurse assessment with outcome of not proceeding to colonoscopy would be obtained by censoring clients who received a colonoscopy. 
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Key Concepts
Cause Specific Hazard of an event of interest

• Cox proportional hazards model is also based on the 
cause-specific hazard function.

• So, assuming independence of all events the cause-
specific hazard function of the kth event  can be 
obtained using KM and Cox proportional hazards 
model.

• In reality, in a competing risk setting, we are unable 
to explicitly test this independence.

Presenter
Presentation Notes
A standard Cox proportional hazards model is also based on the cause-specific hazard function.  It relates covariates to the cause-specific hazard. By assuming independence between the events you can obtain the cause-specific hazard and thus KM and Cox proportional hazards model could be used.However, in reality, in a competing risk setting, we are unable to explicitly test this independence.
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Key Concepts
Cause Specific Hazard of an event of interest

Example,

Had a client not been assessed by a nurse with the 
outcome of not proceeding to colonoscopy we 
would never know whether they would have 
continued on to have the colonoscopy since receipt 
of colonoscopy is now unobservable for these clients

Presenter
Presentation Notes
For example, had a client not been assessed by a nurse with the outcome of not proceeding to colonoscopy we would never know whether they would have continued on to have the colonoscopy since receipt of colonoscopy is now unobservable for these clients. 
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Key Concepts
Cause Specific Hazard of an event of interest

Given this lack of independence;

Cause-specific hazard is really a mix of the hazards of:
- a nurse assessment resulting in not proceeding to colonoscopy 

AND
- the receipt of colonoscopy

The effect of a covariate on one type of event alone is likely 
to be very different from the effect of a covariate on both 
types of events combined. 

Presenter
Presentation Notes
Given a lack of independence, the cause-specific hazard, used in KM analysis and Cox proportional hazards model, is really a mix of the hazards of a nurse assessment resulting in not proceeding to colonoscopy and the receipt of colonoscopyOne can imagine the effect of a covariate on one type of event alone is likely to be very different from the effect of a covariate on both types of events combined. 
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Key Concepts
Cause Specific Hazard of an event of interest

• The true cause-specific hazard of an event of 
interest in the presence of competing risks needs to 
be derived from the joint and marginal survivor 
functions

• However, due to this unobservable phenomenon, 
the joint distribution of the competing risk events is 
unidentifiable

Presenter
Presentation Notes
The true cause-specific hazard of an event of interest in the presence of competing risks needs to be derived from the joint and marginal survivor functions. However, due to this unobservable phenomenon, the joint distribution of the competing risk events is unidentifiable
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Key Concepts
Cumulative Incidence Function in presence of competing events

• In a competing risk setting, the CIF for event k can no 
longer be directly linked to its hazard function

• As seen in the equation below:
CIFk = Fk t = ∫0

t S u hk u du,

Where,
S u = e−H1 u −H2 u …−Hk(u) = overall survival 

function which is determined by all events 

hk u is the cause-specific hazard for event k. 

Presenter
Presentation Notes
Thus, in a competing risk setting, the CIF for event k can no longer be directly linked to its hazard functionAs seen in the equation below:  CIF k =F k  t = 0 t S u  h k  u du ,where	 S u = e − H 1  u − H 2  u …− H k (u)  is the overall survival function which is determined by all events (the event of interest and the competing events) and  h k  u is the cause-specific hazard for event k. 
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Key Concepts
Cumulative Incidence Function in presence of competing events

• Denotes the probability of experiencing the kth 
event before time t and before the occurrence of a 
different type of event.

• The sum of the CIF estimates for each type of event 
equals the CIF estimates of the incidence of the 
composite outcome consisting of all the events.

• It does not rely on some joint function of the 
multiple events which is unidentifiable

Presenter
Presentation Notes
The CIF actually denotes the probability of experiencing the kth event before time t and before the occurrence of a different type of event.Interestingly, the CIF has an advantageous property whereby at any time point, the CIF of each competing event is additive to the probability of failure resulting from any cause i.e. the sum of the CIF estimates for each type of event equals the CIF estimates of the incidence of the composite outcome consisting of all the events. Therefore, unlike the cause-specific hazard function in a competing events setting, it does not rely on some joint function of the multiple events which is unidentifiable
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Key Concepts
Cumulative Incidence Function in presence of competing events

• Gray (1988) proposed a non-parametric test to 
compare two or more CIFs.

• Fine and Gray (1999) proposed a proportional 
hazards model aimed at modeling the CIF with 
covariates, by treating the CIF curve as a 
subdistribution function.

[Gray 1988] RJ Gray. A class of K-sample tests for comparing the cumulative incidence of a competing risk. The Annals of 
statistics (1988): 1141-1154

[Fine and Gray 1999] JP Fine and RJ Gray.  A proportional hazards model for the subdistribution of a competing risk.  Journal of 
the American Statistical Association 1999; 94.446: 496-509

Presenter
Presentation Notes
Due to the concerns with regards to the cause-specific hazard and the properties of the CIF in a competing risk setting Gray (1988) proposed a non-parametric test to compare two or more CIFs and Fine and Gray (1999) proposed a proportional hazards model aimed at modeling the CIF with covariates, by treating the CIF curve as a subdistribution functionIt models the hazard of the CIF and is based on proportional hazards.  Gray’s test is analogous to the log-rank test comparing KM curves, using a modified Chi-squared test statistic. Fine and Gray’s subdistribution function is analogus to the Cox proportional hazard model.

https://epi6.wikischolars.columbia.edu/Competing+Risk+Analysis#gray1988
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Key Concepts
Cumulative Incidence Function in presence of competing events

• The risk set:

• For competing risk event analysis includes:
subjects who are currently event free as well as those who 
have previously experienced a competing event. 

• For standard survival analysis includes:
subjects who experience a competing event would be 
censored and therefore exit the risk set.

Presenter
Presentation Notes
The risk set for competing risk event analysis includes subjects who are currently event free as well as those who have previously experienced a competing event. Whereas in standard survival which uses the cause-specific hazard, subjects who experience a competing event would be censored and therefore exit the risk set.Since some individuals who would completely exit the risk set in standard survival analysis actually end up remaining as part of the risk set in competing risk analysis even if the cause-specific hazards of failure from event type 1 are identical in two groups, there will still be a difference in the results.  Standard survival analysis tends to overestimate the probability of failure from the event type of interest.
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Implementing  Gray (1988) CIF method

• Requires no new SAS procedures in SAS/STAT® 13.1 
and later versions 

• LIFETEST procedure is used with minor changes in 
the SAS statements

• Detailed example looking at time to colonoscopy for 
clients participating in the British Columbia (BC) 
Colon Screening program.

Presenter
Presentation Notes
Implementing both the Gray (1988) and the Fine and Gray (1999) CIF methods for competing risk scenarios in SAS/STAT® 13.1 and later versions requires no new SAS procedures, as the LIFETEST procedure and the PHREG procedure, respectively, are used with minor changes in the SAS statements. Implementing competing risk using PROC PHREG is beyond the scope of this paper. However, this paper takes you through in detail how to implement and interpret competing risk survival analysis using PROC LIFETEST in SAS/STAT® 14.1 applying it to the example described in the introduction looking at time to colonoscopy for clients participating in the British Columbia (BC) Colon Screening program
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Implementing  Gray (1988) CIF method
Example - Wait times in a healthcare setting

• Rely on large administrative datasets

• Often report the median and 90th percentile wait 
times only for clients that have received the 
procedure

• Tells us nothing about the clients that are on the 
wait list and still waiting for the procedures

Presenter
Presentation Notes
Wait times are a high priority of the Canadian government. In 2004, Canada's first ministers agreed to work towards reducing wait times for five priority areas: cancer treatment, cardiac care, diagnostic imaging, joint replacement and sight restoration. Subsequently, provinces of Canada and the Canadian Institute of Health Information (CIHI) have worked together to report on wait time indicators for these areas [CIHI 2016].  The calculation of these wait time indicators and many more international wait time indicators rely on large administrative datasets and often report the median and 90th percentile wait times only for clients that have received the procedure This tells us nothing about the clients that are on the wait list and still waiting for the procedures. 
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Implementing  Gray (1988) CIF method
Example - Wait times in a healthcare setting

• It can underestimate the time to procedure because 
it systematically excludes those clients that could 
have longer wait times

• It does not recognize time spent in queue by 
individuals who for some reason are no longer 
proceeding to have the procedure

Presenter
Presentation Notes
It can also underestimate the time to procedure because it systematically excludes those clients that could have longer wait times. It also does not recognize time spent in queue by individuals who for some reason are no longer proceeding to have the procedure.
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Implementing  Gray (1988) CIF method
Example - Wait times in a healthcare setting

• Propose the application of survival analysis to look at 
wait times in the healthcare setting

• Time to colonoscopy in the BC Colon Screening program 
is a particular scenario where competing risk survival 
analysis should be implemented. 

• This utilizes the experience of all participants, including 
those who have not yet had their procedure or will not 
receive the procedure because of competing events.

Presenter
Presentation Notes
Consequently, I’m proposing the application of survival analysis to look at wait times in the healthcare setting, using time to colonoscopy in the BC Colon Screening program as a particular scenario where competing risk survival analysis should be implemented. This proposed method utilizes the experience of all participants, including those who have not yet had their procedure or will not receive the procedure because of competing events.



SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS Institute Inc. in the USA and other countries. ® indicates USA registration. Other brand and product names are trademarks of their respective companies.

#SASGF

Example – Time to Colonoscopy

Presenter
Presentation Notes
Typically, clients participating in the BC Colon Screening program (BCCSP) will have a fecal immunochemical test (FIT) as the screening test. If the test result is positive then they are candidates for a colonoscopy and they start their wait as of the positive FIT result date. Part of the wait time process is that all clients will be assessed by a nurse to see if they should proceed or not for colonoscopy.  In addition, clients can be discharged from the screening process due to multiple reasons, such as death. Figure 1 outlines the process and the different ‘states’ a client can be in at the time of the analysis of wait times.  Being discharged and assessed as not appropriate to proceed to colonoscopy are competing events as they change the ‘risk’ of the client receiving a colonoscopy as part of screening i.e. it can no longer happen.  Every client who has a colonoscopy will be considered an ‘event’ at their date of colonoscopy as this is the main event of interest and clients who are still on the wait list waiting for a colonoscopy at the time the analysis occurs would be considered censored.
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Example – Time to Colonoscopy

• The Canadian national target:
Clients should receive their colonoscopy within 60 
days of their positive FIT result.  

• The BCCSP has the responsibility of monitoring 
colonoscopy wait times across British Columbia and 
for 4 different health regions who participate in the 
screening program.

Presenter
Presentation Notes
The Canadian national target states clients should receive their colonoscopy within 60 days of their positive FIT result.  The BCCSP has the responsibility of monitoring colonoscopy wait times across British Columbia and for 4 different health regions who participate in the screening program.



SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS Institute Inc. in the USA and other countries. ® indicates USA registration. Other brand and product names are trademarks of their respective companies.

#SASGF

Example – Time to Colonoscopy
PROC LIFETEST

• Can be used to obtain the probability that a client on 
the wait list will receive a colonoscopy within 60 
days 

• Provides insight into the patterns of care once 
patients are on the waitlist. 

• We will look at the difference it makes if the 
competing events are ignored and treated as 
censored observations.

Presenter
Presentation Notes
The non-parametric competing risk survival method using PROC LIFETEST can be used to obtain the probability that a client on the wait list will receive a colonoscopy within 60 days and also provide insight into the patterns of care once patients are on the waitlist. We will show the difference it makes if the competing events are ignored and treated as censored observations.
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Example – Time to Colonoscopy
The Data

Presenter
Presentation Notes
CLIENT_ID: Identifies the clientFIT_TO_CSCOPE: follow-up time in daysSTATUS: indicates the status of the client at the end of the follow-up i.e. discharged prior to colonoscopy (discharged), had the colonoscopy (had cscope), had nurse assessment and are not proceeding to colonoscopy (not proceeding) and are still waiting for colonoscopy (still waiting).SURV_CENSOR: the censoring variable for standard survival analysis, assuming there are no competing events. An event is if a client has had a colonoscopy and surv_censor=1. All competing events are treated as censored observations as well as clients who are still waiting for a colonoscopy (surv_censor=0).CRISK_CENSOR: the censoring variable for competing risk survival analysis. Each type of event is specified by a different numeric value. This is based on the STATUS variable; 0=still waiting i.e. censored observations, 1=had cscope, this is the main event of interest, 2=not proceeding and 3=discharged.  Table 1 shows the distribution of the different states of the clients. HA: health authority region in which the client was waiting for colonoscopy (1, 2, 3, 4)
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Example – Time to Colonoscopy
The Data

• Number and percentage of clients in the different 
states

Presenter
Presentation Notes
These data indicate there are a relatively large proportion of clients which have a competing event; specifically 25% of clients have had a nurse assessment with the outcome of not proceeding to colonoscopy. Only a small number were discharged from the screening program during the follow-up period and nearly 6% are still waiting as of the time of analysis.
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Example – Time to Colonoscopy
Standard Kaplan-Meier Method

ODS GRAPHICS ON;
PROC LIFETEST DATA=wait OUTSURV=km_output

PLOTS=SURVIVAL(FAILURE NOCENSOR STRATA=PANEL) TIMELIST=60;
TIME fit_to_cscope*surv_censor (0);
STRATA ha;

RUN;

Presenter
Presentation Notes
The surv_censor is used as the censoring variable where all competing risk events are censored.  The OUTSURV= option can be specified to create an output dataset that contains the survivor function estimates.  The PLOTS= option enables you to control some details of the graphs. You can utilize it to request non-default graphs and specify options for all graphs. In this example, the failure time plot is requested using the FAILURE option. When there are no competing events this is the equivalent of 1-survival which, as specified in the introduction, is the cumulative incidence function. The NOCENSOR option suppresses the display of censored observations on the plotand using STRATA=PANEL the results are displayed in separate panels on a single graphical display based on the variable specified in the STRATA statement.  In this case it is health region (ha) Since the target for receipt of colonoscopy is 60 days, TIMELIST=60 is specified to display the KM estimates for this time point 
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Example – Time to Colonoscopy
Standard Kaplan-Meier Method

Panel plot of 
failure curves 
using standard 
KM method, 
censoring 
competing event 
observations
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Example – Time to Colonoscopy
Standard Kaplan-Meier Method

Stratum: ha fit_to_cscope   Survival Failure Survival Standard 
Error 

Number 
Failed 

Number 
Left 

1 60.000   0.8075 0.1925 0.0102 287 1154 

2 60.000   0.6279 0.3721 0.0103 830 1344 

3 60.000   0.5898 0.4102 0.0132 573 781 

4 60.000   0.5585 0.4415 0.0129 666 799 
 

Presenter
Presentation Notes
These show the 60-day estimates from the Product-Limit Survivor Estimates table which is standard output from the LIFETEST procedure.and it is the ‘Failure’ column that is of interest since failure defines a client receiving a colonoscopy.  This table shows the probability of receiving a colonoscopy within 60 days of being on the waitlist by health region.with estimates ranging from 0.19 in health region 1 (ha=1) to  0.44 in health region 4.
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Example – Time to Colonoscopy
Competing Risk Non-parametric Method

PROC LIFETEST DATA=wait OUTSURV=km_output
PLOTS=SURVIVAL(FAILURE NOCENSOR STRATA=PANEL) TIMELIST=60;
TIME fit_to_cscope*surv_censor (0);
STRATA ha;

RUN;

PROC LIFETEST DATA=wait OUTCIF=cr_cif_output
PLOTS=CIF(TEST) TIMELIST=60;
TIME fit_to_cscope*crisk_censor (0) /  EVENTCODE=1;
STRATA ha;

RUN;

For reference: Standard KM code

Competing risk code

Presenter
Presentation Notes
In this instance, the censor variable is crisk_censor. As specified earlier, this variable is coded so that each type of event and censored observations are identified by different values. The main edit required to initiate competing risks analysis is EVENTCODE= which is an option in the TIME statement. The number to specify after the equals sign represents the event of interest.  In this example the event of interest is specified to be 1 (had colonoscopy).  
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Example – Time to Colonoscopy
Competing Risk Non-parametric Method

PROC LIFETEST DATA=wait OUTSURV=km_output
PLOTS=SURVIVAL(FAILURE NOCENSOR STRATA=PANEL) TIMELIST=60;
TIME fit_to_cscope*surv_censor (0);
STRATA ha;

RUN;

PROC LIFETEST DATA=wait OUTCIF=cr_cif_output
PLOTS=CIF(TEST) TIMELIST=60;
TIME fit_to_cscope*crisk_censor (0) /  FAILCODE=1;
STRATA ha;

RUN;

For reference: Standard KM code

Competing risk code

Presenter
Presentation Notes
FAILCODE is interchangeable with EVENTCODE. However, throughout all these examples EVENTCODE has been specifiedWith the initiation of competing risk analysis the output dataset and the type of plot needs to be changed. To specify an output data, OUTCIF= option is used instead of OUTSURV= which is used for standard KM analysis. OUTCIF= is only applicable for competing risk analysis.In the PLOTS= option CIF(TEST) is specified; CIF requests the cumulative incidence function be plotted and TEST requests the plot displays the p-value of Gray’s test [Gray 1988] for testing homogeneity of the CIFs of the stratum specified in the STRATA statement.  The CIF is the only type of plot that can be requested when competing risk analysis is initiated by EVENTCODE= . 
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Competing Risk Non-parametric Method

CIF for each health 
region overlaid on 
one plot.

Presenter
Presentation Notes
Since the STRATA statement was specified, PROC LIFETEST overlays the cumulative incidence curves of the strata in the same plot You can see the Gray’s test on the plot and this is the standard table produced for Gray’s test.It indicates there is strong evidence of a significant difference in the CIF for clients receiving a colonoscopy among the 4 health regions.
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Summary of Failure Outcomes 

Stratum ha Failed 
Events 

Competing 
Events 

Censored Total 

1 1 737 306 635 1678 

2 2 1699 520 292 2511 

3 3 1081 580 155 1816 

4 4 1283 408 113 1804 

Total   4800 1814 1195 7809 
 

Competing risk: 
Summary of failure outcomes

Kaplan Meier: 
Censor summary

Presenter
Presentation Notes
Part of the standard output from competing risk analysis is the summary of failure outcomes.The output is similar to the censored summary in KM analysis but has the additional column showing the number of competing events.  The Failed Events column provides the number of events for the event of interest. You can see that the sum of the number of competing events and censored events equals the censored column in KM analysis


		Summary of Failure Outcomes



		Stratum

		ha

		Failed
Events

		Competing
Events

		Censored

		Total



		1

		1

		737

		306

		635

		1678



		2

		2

		1699

		520

		292

		2511



		3

		3

		1081

		580

		155

		1816



		4

		4

		1283

		408

		113

		1804



		Total

		 

		4800

		1814

		1195

		7809
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ha fit_to_cscope   Cumulative 
Incidence 

Standard 
Error 

95% Confidence Interval 

1 60.000   0.1710 0.00919 0.1534 0.1895 

2 60.000   0.3305 0.00939 0.3122 0.3490 

3 60.000   0.3155 0.0109 0.2943 0.3370 

4 60.000   0.3692 0.0114 0.3469 0.3914 
 

Stratum: ha fit_to_cscope   Survival Failure Survival Standard 
Error 

Number 
Failed 

Number 
Left 

1 60.000   0.8075 0.1925 0.0102 287 1154 

2 60.000   0.6279 0.3721 0.0103 830 1344 

3 60.000   0.5898 0.4102 0.0132 573 781 

4 60.000   0.5585 0.4415 0.0129 666 799 
 

Competing Risk estimates: 
The probability of receiving a 
colonoscopy as the first 
event prior to, or on, 60 
days.

Presenter
Presentation Notes
Along with the CIF estimates, the standard output provides the associated standard error and 95% confidence intervals.We can see the estimated probability of a client receiving a colonoscopy within 60 days of being on the waitlist using the competing risk method now ranges from 0.17 in health region 1 to 0.37 in health region 4.  Comparing this to the estimates from the KM method, 0.19 and 0.44 respectively, it can be seen how the KM method overestimates the probability of colonoscopy within 60 days.  It is important to note, the interpretation of the probability provided using competing risk analysis in this example is actually the probability of having a colonoscopy within 60 days and not having had a competing event or is still on the wait list at 60 days. In other words, it is the probability of receiving a colonoscopy as the first event prior to 60 days.
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PROC LIFETEST DATA=wait OUTCIF=cr_cif_output
PLOTS=CIF(TEST) TIMELIST=60;
TIME fit_to_cscope*crisk_censor (0) /  EVENTCODE=1;
STRATA ha;

RUN;

Presenter
Presentation Notes
To obtain a panel plot of the cumulative incidence curves, similar to what was obtained in the KM analysis, the STRATA statement with the GROUP= option needs to be used
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Competing Risk Non-parametric Method

PROC LIFETEST DATA=wait OUTCIF=cr_cif_output
PLOTS=CIF(TEST) TIMELIST=60;
TIME fit_to_cscope*crisk_censor (0) /  EVENTCODE=1;
STRATA ha / GROUP=ha;

RUN;

STRATA ha / GROUP=sex;

Gray’s test tests the homogeneity of the CIFs between males and females stratified 
by health region.
Since, this code specifies the same GROUP variable as the STRATA variable it is not 
feasible to perform the Gray’s test. It is simply used to produce the plot.

Presenter
Presentation Notes
This produces one cell on the plot per stratum, and each cell contains the CIF curves for the groups within the given stratum.  In our example, we are just interested in looking at the colonoscopies performed by health region and so we specify ha in both the STRATA statement and GROUP= optionWhen the GROUP option is used the Gray’s test is testing the homogeneity of the CIFs between the groups specified by the GROUP= variable, stratified by the variable specified by the STRATA statement.For example, if the STRATA statement was
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Panel plot of cumulative 
incidence curves
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PROC LIFETEST DATA=wait OUTCIF=cr_cif_output
PLOTS=CIF(TEST) TIMELIST=60;
TIME fit_to_cscope*crisk_censor (0) /  EVENTCODE=1;
STRATA ha;

RUN;

PROC LIFETEST DATA=wait OUTCIF=cr_cif_output
PLOTS=CIF(TEST) TIMELIST=60;
TIME fit_to_cscope*crisk_censor (0) /  EVENTCODE;
STRATA ha;

RUN;

Presenter
Presentation Notes
So far an event of interest has been specified using EVENTCODE= option. However, if EVENTCODE is specified without the equal sign PROC LIFETEST produces a separate analysis for each distinct event value.
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Output dataset:

Presenter
Presentation Notes
This is just a snapshot to show you the output dataset.
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• When EVENTCODE= is used, the OUTCIF= dataset will only produce data for 
the event of interest

• If EVENTCODE without the equal sign is used it includes the estimate for all 
event types.

• Although TIMELIST=60 was specified the OUTCIF= dataset provides the CIF 
estimates at all time points unless the REDUCEOUT option is specified in the 
PROC LIFETEST statement

• The data are ordered by event type i.e. first the CIF estimates at each time 
point for event type 1, then the CIF estimates at each time point for event 
type 2 etc.

Presenter
Presentation Notes
When EVENTCODE= is used, the OUTCIF= dataset will only produce data for the event of interest. However, if EVENTCODE without the equal sign is used then it includes the estimate for all event types In addition, although the TIMELIST option only specified the CIF to be output for 60 days the OUTCIF= dataset provides the CIF estimates at all time points unless the REDUCEOUT option is specified in the PROC LIFETEST statement. The data are ordered by event type i.e. first the CIF estimates at each time point for event type 1, then the CIF estimates at each time point for event type 2 etc
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• The output from the OUTCIF= data can be manipulated to 
obtain the CIF for all events.

• The code following produces a panel plot by health region 
showing the CIF for:
• receipt of colonoscopy, 
• having a nurse assessment resulting in an outcome of not proceeding to 

colonoscopy, 
• being discharged from the screening program 
• the composite of all these types of events for each health region 

whereby health region constitutes the panel 

Presenter
Presentation Notes
As stated in the introduction, the CIF has a beneficial property whereby at any time point the sum of the CIF estimates for each type of event equals the CIF estimates of the incidence of the composite outcome consisting of all the events.I will show why this could be a useful thing to look at in a few minutes.I will take you through some code which results in a panel plot of the CIF for receipt of colonoscopy, having a nurse assessment resulting in an outcome of not proceeding to colonoscopy, being discharged from the screening program and the composite of all these types of events for each health region whereby health region constitutes the panel. As shown here [click]
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Presenter
Presentation Notes
As stated in the introduction, the CIF has a beneficial property whereby at any time point the sum of the CIF estimates for each type of event equals the CIF estimates of the incidence of the composite outcome consisting of all the events.I will take you through some code which results in a panel plot of the CIF for receipt of colonoscopy, having a nurse assessment resulting in an outcome of not proceeding to colonoscopy, being discharged from the screening program and the composite of all these types of events for each health region whereby health region constitutes the panel. As shown here [click]



SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS Institute Inc. in the USA and other countries. ® indicates USA registration. Other brand and product names are trademarks of their respective companies.

#SASGF

Example – Time to Colonoscopy
Competing Risk Non-parametric Method

PROC SORT DATA=cr_cif_output
OUT=cr_cif_output2; 
BY ha fit_to_cscope failcode; 

RUN;
DATA cif;

SET cr_cif_output2;

BY ha fit_to_cscope failcode;
IF FIRST.fit_to_cscope THEN cum_cif=0;

cum_cif + cif;

failcode='4';

IF LAST.fit_to_cscope THEN OUTPUT;
DROP cif;
RENAME cum_cif=cif;

RUN;

DATA cr_cif_output3;
SET cr_cif_output cif;

RUN;
PROC FORMAT;

VALUE event 1='Had Cscope'
2='Not Proceeding'
3='Discharged'
4='All events';

RUN;
PROC SGPANEL DATA=cr_cif_output3;

FORMAT failcode event.;
PANELBY ha;
SERIES X=fit_to_cscope Y=cif

/ GROUP=failcode;
RUN;

Presenter
Presentation Notes
PROC SORT is first used to order the data so we can aggregate the CIF estimates at each time point (fit_to_cscope) over all event types (failcode) within health region (ha).  The DATA step then performs the cumulative sum and introduces a new failcode value so we can distinguish this is the ‘all events’ CIF.  This dataset (cif) is then appended to the initial output dataset (cr_cif_output ) which has the CIFs for each type of event code (1, 2 & 3).  A format is introduced for the failcode variable using the FORMAT procedure to describe each of the event types which is used in the SGPANEL procedure to produce the final panel plot.
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Presenter
Presentation Notes
Figure 7 indicates the number of patients who are discharged from the screening program is negligible. A similar pattern across health regions 1, 2 and 4 is seen with respect to how clients are exiting the waitlist due to having a nurse assessment with an outcome of not proceeding to colonoscopy with gradual attrition tending to start straight away. By the end of the follow-up period clients have roughly a 20% probability of not proceeding to colonoscopy.  However, in health region 3, between 20-25 days after a client enters the waitlist, the probability of not proceeding increases quite sharply to nearly 20% before gradual attrition occurs across the rest of the follow-up period.  Patterns of clients receiving a colonoscopy also differ between health regions.  Health regions 2 and 4 look relatively similar with clients having a 70% chance of receiving a colonoscopy prior to 200 days. Health region 3 seems to have a bit of a burst of providing colonoscopies between 50-80 days after a client is on the waitlist which is likely prompted by the 60 day target. By the end of follow-up (200 days) the probability of a client receiving a colonoscopy in health region 3 is less than in health regions 2 and 4 (approximately 60% vs. 70%).  The cumulative incidence curve for all events in health region 3 is at 1.0 by the end of the follow-up period which means by 200 days no patients are waiting i.e. they have all either had a colonoscopy, a nurse assessment with an outcome of not proceeding or have been discharged from the screening program.  This provides insight into the fact that the lower probability of a client receiving a colonoscopy is actually confounded by a higher proportion of clients in health region 3 having a nurse assessment with an outcome of not proceeding prior to getting a colonoscopy; highlighting the fact these two events are mutually exclusive but dependent.  In health region 1, the gradient of the cumulative incidence curve remains constant over the follow-up period suggesting receipt of colonoscopy is affected little by the target of 60 days and in fact, clients within health region 1 have over 20% chance of still being on the wait list at 200 days.
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Health 
Region

Colonoscopy 
clients only –
receipt in 60 

days

KM method –
receipt of 

colonoscopy

Competing 
risk –

receipt of 
colonoscopy

Competing 
risk –

composite 
of all events

1 0.23 0.19 0.17 0.31
2 0.52 0.37 0.33 0.46
3 0.60 0.41 0.32 0.57
4 0.47 0.44 0.37 0.56

Presenter
Presentation Notes
Table 7 presents the 60-day probability estimates are for the different methods. The first column provides the wait time estimates that would be published if these wait times were calculated using the standard wait time calculation method used in healthcare wait time calculations, which is based only on those patients that received a colonoscopy.  The competing risk method for receipt of colonoscopy provides a more accurate reflection of the probability a client will receive a colonoscopy within 60 days once on the wait list. The KM method overestimates this probability and the competing risk method using the composite of all events provides an understanding of what proportion of patients on the waitlist had their situation resolved one way or another by the system.
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Conclusion

• The implementation of competing risk analysis requires only a few minor 
edits to the options in PROC LIFETEST compared to what would be used in 
standard survival analysis.  

• In order to gain a greater understanding of the system at hand and to 
more accurately measure the outcome of interest, it is important to 
incorporate all events in survival analysis in a competing risk event 
setting, not just the event of interest. 

• Looking at the effect of the composite of all events provides further 
insight into interpretation.

Presenter
Presentation Notes
This paper has demonstrated in detail how to perform non-parametric competing risk survival analysis in SAS/STAT 13.1 and later versions.  It has shown how it requires only a few minor edits to the options in PROC LIFETEST compared to what would be used in standard survival analysis in a non-competing risk event setting.  In order to gain a greater understanding of the system at hand and to more accurately measure the outcome of interest, it has highlighted the importance of incorporating all events in survival analysis in a competing risk event setting, not just the event of interest.  It has also shown how looking at the effect of the composite of all events provides further insight into interpretation.
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Questions?
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Your feedback counts!

Don't forget to complete the session survey
in your conference mobile app.

1. Go to the Agenda icon in the conference app.

2. Find this session title and select it.

3. On the sessions page, scroll down to Surveys and 
select the name of the survey.

4. Complete the survey and click Finish.
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