
Reconstructing Individual Patient Level 

Survival Data from Aggregate Survival 

Data using a Simulation Approach

Rebecca Boucher1*, Sarwar Mozumder2†, 

Paul Lambert3,4, Keith Abrams5

1 University of Birmingham, UK
2 GSK, UK
3 Karolinska Institutet, Sweden
4 Norwegian Institute of Public Health, Norway
5 University of Warwick, UK 

†research conducted whilst employed at AstraZeneca, UK

*R.H.Boucher@bham.ac.uk



Guyot method







Patient Survival time Event

1

2

3

…



2
3

1

8

4

5

7
6

Overview of the 
simulation method



1

Extract coordinates

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve



2

3

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

100 41 20 7 1 0 
Number at risk

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

Tr
an

sf
orm

survival

0.00

0.25

0.50

0.75

1.00

S
u

rv
iv

a
l 
P

ro
p

o
rt

io
n

0 12 24 36 48 60
Time (months)

Kaplan-Meier survival curve

-5.00

-4.00

-3.00

-2.00

-1.00

0.00

1.00

2.00

ln
(-

ln
(S

(t
))

)

-2 0 2 4
ln(time)

Kaplan-Meier survival curve



2

3

l

-5.00

-4.00

-3.00

-2.00

-1.00

0.00

1.00

2.00

ln
(-

ln
(S

(t
))

)

-2 0 2 4
ln(time)

Kaplan-Meier survival curve

-5.00

-4.00

-3.00

-2.00

-1.00

0.00

1.00

2.00

ln
(-

ln
(S

(t
))

)

-2 0 2 4
ln(time)

Kaplan-Meier survival curve

0.00

0.25

0.50

0.75

1.00

T
im

e
 (

m
o

n
th

s
)

0 12 24 36 48 60
Survival Proportion

Kaplan-Meier survival curve

M
odel survival distrib

utio
n



4

5

0 20 40 60
Time (months)

Simulated survival times for Dataset 3

Si
m

ul
at

e a survival time for each patient



4
0 20 40 60

Time (months)

Simulated survival times for Dataset 3

Si
m

ul
at

e an event time for each patient

Time No. at risk Survival
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Neutron versus photon 
therapy for pelvic cancers





How well does it work?

Dataset Results from initial analysis

Number of events Median survival time Hazard ratio Restricted mean survival time*

Photon Neutron Photon Neutron Photon Neutron

IPD 47 (76%) 82 (89%)
1.27 

(0.91, 2.27)
0.89 

(0.74, 1.24)
1.57 

(1.09, 2.25)
1.80 

(1.47, 2.13)
1.29 

(1.07, 1.50)

Guyot 47 (76%) 82 (89%)
1.19 

(0.86, 2.23)
0.92 

(0.70, 1.27)
1.47 

(1.03, 2.10)
1.78 

(1.55, 2.01)
1.30

(1.15, 1.45)

Simulation
(2000 datasets)

47.2 (76%) 82.5 (90%)
1.33 

(0.89, 2.11)
0.95 

(0.75, 1.16)
1.57 

(1.09, 2.32)
1.78

 (1.47, 2.11)
1.29 

(1.09, 1.49)

* At 3.5 years



How well does it work?

Dataset Results from secondary analysis

Coefficients from the 
time-dependent Cox model

Hazard ratios from the 
piecewise Cox model

Main effects Time dependent effect 0 and 6 months 6 and 12 months 12+ months

IPD
0.482 

(-0.115, 0.850)
0.198 

(-0.220, 0.617)
1.41 

(0.69, 2.90)
1.39

(0.72, 2.68)
1.79

(1.04, 3.08)

Guyot
0.404 

(0.045, 0.765)
0.171 

(-0.251, 0.594)
1.23 

(0.61, 2.48)
1.32 

(0.68, 2.55)
1.73

(1.02, 2.93)

Simulation
(2000 datasets)

0.489
(0.113, 0.873)

0.188 
(-0.288, 0.648)

1.33 
(0.62, 3.07)

1.43
(0.77, 2.87)

1.87
(1.07, 3.39)
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