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INTRODUCTION



INTRODUCTION

• Statistics in clinical research is evolving in an exciting way and the open-
source software such as R is gaining popularity.

• e.g.: “ADaM in R Asset Library” (ADMIRAL) package.

• Growing interest in analysing time-to-event analysis and recurrent and 
repeated occurrences of an event. 

• This presentation describes 4 statistical models with the SAS and R code for each.

• The data structure used by the model is important. 
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Type of Models for 
Repeated Events



SUMMARY OF MODEL TYPES



Examples using 
bladder data
Examples with SAS® & R 



EXAMPLE DATA 

• The bladder cancer data listed in Wei, Lin, and Weissfeld (1989) are used to 
illustrate these methods of analyses.

• Data available in R: survival package (bladder.rda and bladder2.rda)

• The data consist of 85 patients with bladder tumours, which were removed when 
they entered the study. 

• Many patients had multiple recurrences of tumours during the study, and new 
tumours were removed at each visit. 

• The data set contains the first four recurrences of the tumour for each patient.

Eat, Sleep, R, Repeat 13



EXAMPLE DATA: Structures for bladder data
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Subject ID #1: was in the study 1 month without an event.
Subject ID #5: was 10 months in the study, having a tumor recurrence at month 6
 
 

ID RX
1: Placebo
2: Thiotepa

NUMBER SIZE START STOP EVENT
1: Y, 0:N

ENUM

1 1 1 3 0 1 0 1

1 1 1 3 0 1 0 2

1 1 1 3 0 1 0 3

1 1 1 3 0 1 0 4

5 1 4 1 0 6 1 1

5 1 4 1 0 10 0 2

5 1 4 1 0 10 0 3

5 1 4 1 0 10 0 4

ID RX
1: Placebo
2: Thiotepa

NUMBER SIZE START STOP EVENT
1: Y, 0:N

ENUM

1 1 1 3 0 1 0 1

5 1 4 1 0 6 1 1

5 1 4 1 6 10 0 2

6 1 1 1 0 14 0 1

7 1 1 1 0 18 0 1

8 1 1 3 0 5 1 1

8 1 1 3 5 18 0 2

Bladder.rda Bladder2.rda 



Anderson-Gill (AG): Data Structure
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Data structure using our example data, similar to the dataset bladder2. 

SUBJID INTERVAL TSTART TSTOP EVENT (1: Yes, 0: No)

1 (0,1] 0 1 0

[….] [….] [….] [….] [….]

5 (0,6] 0 6 1

5 (6,10] 6 10 0

[….] [….] [….] [….] [….]

Data preparation (Counting Process)



Anderson-Gill (AG): Code and Results

proc phreg data=Bladder2 covs(aggregate);
class rx (ref='1');
model (tstart, tstop) * event(0) = rx SizeNumber/rl;
id subjid;

run;
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AG <- coxph(Surv(tstart, tstop, event) ~  
as.factor(rx)+size+number , ties="breslow",  cluster=subjid,   
data=bladder2)
summary(AG)

RSAS

P-value: 0.0747=> Treatment does not reduce the risk of having a new tumour.



PWP: Data Structure
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SUBJID INTERVAL TSTART TSTOP EVENT
1: Yes, 0:No

ENUM GAP_TIME
*

PW
P-

C
P

1 (0,1] 0 1 0 1 -

[….] [….] [….] [….] [….] [….] -

5 (0,6] 0 6 1 1 -

5 (6,10] 6 10 0 2 -

PW
P-

G
T

1 (0,1] 0 1 0 1 1

[….] [….] [….] [….] [….] [….] [….]

5 (0,6] 0 6 1 1 6

5 (6,10] 0 4 0 2 4

TSTOP = Time since 
beginning the study

TSTOP = Gap Time

*Applicable for PWP-GT model only.

Data structure using our example data (similar to the dataset bladder2): 
PWP-CP: uses same structure as AG
PWP-GT: TSTART/TSTOP contain Gap Time, and new variable GAP_TIME derived.



Prentice, Williams and Peterson (PWP): Code

/*PWP-CP*/
proc phreg data=Bladder2 covs(aggregate);
class rx (ref='1');
model (tstart, tstop)*event(0) =rx SizeNumber/rl; 
id subjid;
strata enum;

run;

/*PWP-GT*/
proc phreg data=Bladder2 covs(aggregate);
class rx (ref='1');
model gap_time * event(0) = rx Size Number/rl; 
id subjid;
strata enum;
run;
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PWP_CP <- coxph(Surv(tstart, tstop, 
event) ~ as.factor(rx)+size+number + 
strata(enum) , ties="breslow", 
cluster=subjid, data=bladder2)
summary(PWP_CP)

PWP_GT <- coxph(Surv(gap_time,event) ~ 
as.factor(rx) + size + number + 
strata(enum) + cluster(subjid), 
data=bladder2)
summary(PWP_GT)

Same code as for AG model, but adding STRATA.

RSAS



Prentice, Williams and Peterson (PWP): Results
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PWP -CP

PWP -GT

PWP-CP (P-value: 0.1952)=> Treatment does not reduce the risk of having a new tumour after previous one.

PWP-CP (P-value: 0.0898)=> Treatment does not reduce the risk of having a new tumour.



Wei, Lin and Weissfeld (WLW): Data structure
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SUBJID INTERVAL TSTART TSTOP EVENT ENUM

1 (0,1] 0 1 0 1 (Bone)

1 (0,1] 0 1 0 2 (Lung)

1 (0,1] 0 1 0 3 (Colon)

1 (0,1] 0 1 0 4 (Liver)

[….] [….] [….] [….] [….] [….]

5 (0,6] 0 6 1 1 (Bone)

5 (0,10] 0 10 0 2 (Lung)

5 (0,10] 0 10 0 3 (Colon)

5 (0,10] 0 10 0 4 (Liver)

Different assumption: 

Now ENUM no longer refers to the order of 
recurrence but to location.

As many rows per patient as max number of 
events

TSTART = Set to zero

TSTOP = Time since beginning of the study

ENUM = type of event instead of order of the 
event

Data structure using our example data (similar to the dataset bladder).



Wei, Lin and Weissfeld (WLW): Code and Results

proc phreg data=Bladder covs(aggregate);
class rx (ref='1');
model (tstart, tstop) * event(0) = rx SizeNumber/rl;
id subjid;
strata enum;
run;
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WLW<- coxph(Surv(tstart, tstop, event) ~ 
as.factor(rx)+size+number + strata(enum) , 
ties="breslow", cluster=subjid, data=bladder)
summary(WLW)

P-value: 0.0565=> Treatment does not reduce the risk of having any type of tumour.

RSAS



Conclusions
Key topics to analyse time-to-event

for repeated events



CONCLUSIONS

Model based
on outcome of

interest
Appropriate

data structure
Correct

programming
options

Check default 
options

SAS® vs R
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Contact me:
miriam.amor@veramed.co.uk

Thank you!
Find us at BOOTH 21

and learn more about our:
• Presentations

• Workshops
• Panels


