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calculations calculations calculations calculations 
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ratio testratio test--based power in based power in 
mixed effects modelsmixed effects models
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Phase II study 

Motivating example

in Diabetes
Power to detect a 
significant drug 
effect on 
reduction in 
HbA1cHbA1c

12 week study

FPG and HbA1c

Placebo + 5 dose 
groups 2Rosenstock et al., 69th ADA Scientific Sessions, 2009
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Power with traditional group 
wise comparison (t-test)

53 /arm for 
t-test pairwise
comparison 
(placebo and 200 
mg group) 
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Power with traditional group 
wise comparison (t-test)

53 /arm for 
t-test pairwise
comparison 
(placebo and 200 
mg group) 

20 /arm for 
model-based 
power analysis 
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g g p)

Power with traditional group 
wise comparison (t-test)

33/arm difference

6

Higher power with NLME models
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Time computation comparison

Guess of N

Testing of 
assumptions 
and/or effect size

DESIGN is a 
moving target

29 days for
a single CPU

A few seconds

?

7
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for 80% power

Objectives

Power for 
Lik lih d Likelihood 
Ratio Test 
(LRT)

Fast and easy 
method to map 
complete

MCMP 
(MMonte-CCarlo MMapped PPower)
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Standard power calculation 
for NLME models 1

×1000

1 full model with specified effect and assumed Npower individuals

×1000
full model
datasets

×1000 estimations 
of full model with 
estimated effect OFV2

×1000 
estimations

of
reduced 

S1 S2 S3 S4 S1000...

OFV1

OFV2

OFV1

ΔOFV1

ΔOFV2

ΔOFV

OFV1000

OFV3

OFV4...

reduced 
model 

(no effect)

...

OFV1000

OFV3

OFV4

ΔOFV3

ΔOFV4

ΔOFV1000

...
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Standard power calculation 
for NLME models 2

ΔOFV1 Count if ΔOFV> cut-off value

ΔOFV2

ΔOFV3

ΔOFV4

ΔOFV

... Fraction
=

POWER

×1000 
ΔOFVs

10

ΔOFV1000 POWER
For this N /group 
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Methodology

ID iOFVFULL iOFVRED ΔiOFV STRAT

1 -2.461 -2.012 -0.448 1
2 -2.413 -2.033 -0.38 2

8 8

ΔOFV1
• Likelihood minimized during a 

NONMEM 7® run: 3 -2.358 -1.807 -0.551 1
4 -2.367 -1.896 -0.471 2
5 -2.26 -2.016 -0.244 1
6 -2.094 -2.102 0.008 2
7 -2.48 -1.898 -0.582 1
8 -2.07 -1.946 -0.123 2
9 -2.453 -2.05 -0.402 1
10 -2.193 -1.963 -0.23 2
11 -2.127 -2.256 0.129 1
12 -2.409 -1.95 -0.459 2... ......

ΔOFV2

ΔOFV3

ΔOFV4

ΔOFV

NONMEM 7 run:

Objective Function Value=

11

1000 -2.028 -1.941 -0.087 2
Σ -1122.8 -1024.4 -98.4

ΔOFV1000

Usual ”OFV” value
from your reduced 
model

Usual ”OFV” value
From your full model

Methodology

ID iOFVFULL iOFVRED ΔiOFV STRAT

1 -2.461 -2.012 -0.448 1
2 -2.413 -2.033 -0.38 2

8 8

ΔOFV1
• Likelihood minimized during a 

NONMEM 7® run: 3 -2.358 -1.807 -0.551 1
4 -2.367 -1.896 -0.471 2
5 -2.26 -2.016 -0.244 1
6 -2.094 -2.102 0.008 2
7 -2.48 -1.898 -0.582 1
8 -2.07 -1.946 -0.123 2
9 -2.453 -2.05 -0.402 1
10 -2.193 -1.963 -0.23 2
11 -2.127 -2.256 0.129 1
12 -2.409 -1.95 -0.459 2... ......

ΔOFV2

ΔOFV3

ΔOFV4

ΔOFV

NONMEM 7 run:

Objective Function Value=

12

1000 -2.028 -1.941 -0.087 2
Σ -1122.8 -1024.4 -98.4

ΔOFV1000

Usual ”OFV” drop
You are testing
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Methodology

ID iOFVFULL iOFVRED ΔiOFV STRAT

1 -2.461 -2.012 -0.448 1
2 -2.413 -2.033 -0.38 2

8 8

ΔOFV1
• Likelihood minimized during a 

NONMEM 7® run: 3 -2.358 -1.807 -0.551 1
4 -2.367 -1.896 -0.471 2
5 -2.26 -2.016 -0.244 1
6 -2.094 -2.102 0.008 2
7 -2.48 -1.898 -0.582 1
8 -2.07 -1.946 -0.123 2
9 -2.453 -2.05 -0.402 1
10 -2.193 -1.963 -0.23 2
11 -2.127 -2.256 0.129 1
12 -2.409 -1.95 -0.459 2... ......

ΔOFV2

ΔOFV3

ΔOFV4

ΔOFV

NONMEM 7 run:

Objective Function Value ∑
=

=
n

1i

iOFV

•Can be directly found in NM7 in .phi file

13

1000 -2.028 -1.941 -0.087 2
Σ -1122.8 -1024.4 -98.4

ΔOFV1000
y 7 p

•Can be computed in NM6 with –iofv in PsN

Methodology

ID iOFVFULL iOFVRED ΔiOFV STRAT

1 -2.461 -2.012 -0.448 1
2 -2.413 -2.033 -0.38 2

8 8

• Likelihood minimized during a 
NONMEM 7® run: 3 -2.358 -1.807 -0.551 1

4 -2.367 -1.896 -0.471 2
5 -2.26 -2.016 -0.244 1
6 -2.094 -2.102 0.008 2
7 -2.48 -1.898 -0.582 1
8 -2.07 -1.946 -0.123 2
9 -2.453 -2.05 -0.402 1
10 -2.193 -1.963 -0.23 2
11 -2.127 -2.256 0.129 1
12 -2.409 -1.95 -0.459 2... ......

NONMEM 7 run:

• Drop between two nested models 
(i.e. χ2-distribution):

Objective Function Value ∑
=

=
n

1i

iOFV

14

1000 -2.028 -1.941 -0.087 2
Σ -1122.8 -1024.4 -98.4

Δ OFV (FULL –REDUCED)

( )∑
=

−=
n

1i
REDUCEDFULL iOFViOFV

Principle 
of MCMP
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MCMP Methodology – step 1

ID iOFVFULL     iOFVRED ΔiOFV STRAT

1 -2.461 -2.012 -0.448 1
2 -2.413 -2.033 -0.38 2

8 8

FULL MODEL+INTENDED 
DESIGN+EFFECT SIZE

Si l t 3 -2.358 -1.807 -0.551 1
4 -2.367 -1.896 -0.471 2
5 -2.26 -2.016 -0.244 1
6 -2.094 -2.102 0.008 2
7 -2.48 -1.898 -0.582 1
8 -2.07 -1.946 -0.123 2
9 -2.453 -2.05 -0.402 1
10 -2.193 -1.963 -0.23 2
11 -2.127 -2.256 0.129 1
12 -2.409 -1.95 -0.459 2... ......

Simulate

Full model Reduced model

1 BIG DATASET 
WITH SPECIFIED STRATIFICATION

Estimate
×1

15

1000 -2.028 -1.941 -0.087 2

iOFVsFULL iOFVsREDUCED

ΔiOFVs (FULL-REDUCED)

Extract

Compute

MCMP Methodology – step 2

ID iOFVFULL     iOFVRED ΔiOFV STRAT

1 -2.461 -2.012 -0.448 1
2 -2.413 -2.033 -0.38 2

8 8

SAMPLE SIZE 5+5

3 -2.358 -1.807 -0.551 1
4 -2.367 -1.896 -0.471 2
5 -2.26 -2.016 -0.244 1
6 -2.094 -2.102 0.008 2
7 -2.48 -1.898 -0.582 1
8 -2.07 -1.946 -0.123 2
9 -2.453 -2.05 -0.402 1
10 -2.193 -1.963 -0.23 2
11 -2.127 -2.256 0.129 1
12 -2.409 -1.95 -0.459 2... ......

STRATIFIED SAMPLING

∑ΔOFVi

∑

∑ΔOFVi ∑ΔOFVi ∑ΔOFVi

16

1000 -2.028 -1.941 -0.087 2 ∑ΔOFVi

5+5
∑ΔOFVi

6+6
∑ΔOFVi

7+7
∑

n+n
...
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MCMP Methodology – step 2

ID iOFVFULL     iOFVRED ΔiOFV STRAT

1 -2.461 -2.012 -0.448 1
2 -2.413 -2.033 -0.38 2

8 8

SAMPLE SIZE 5+5

3 -2.358 -1.807 -0.551 1
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9 -2.453 -2.05 -0.402 1
10 -2.193 -1.963 -0.23 2
11 -2.127 -2.256 0.129 1
12 -2.409 -1.95 -0.459 2... ......

STRATIFIED SAMPLING

∑ΔOFVi

∑

∑ΔOFVi ∑ΔOFVi ∑ΔOFVi
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1000 -2.028 -1.941 -0.087 2 ∑ΔOFVi

5+5
∑ΔOFVi

6+6
∑ΔOFVi

7+7
∑

n+n
...

MCMP Methodology – step 2
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8 8
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10 -2.193 -1.963 -0.23 2
11 -2.127 -2.256 0.129 1
12 -2.409 -1.95 -0.459 2... ......

STRATIFIED SAMPLING

∑ΔOFVi

∑

∑ΔOFVi ∑ΔOFVi ∑ΔOFVi

18

1000 -2.028 -1.941 -0.087 2 ∑ΔOFVi
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∑ΔOFVi

6+6
∑ΔOFVi

7+7
∑

n+n
...
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MCMP Methodology – step 2

ID iOFVFULL     iOFVRED ΔiOFV STRAT

1 -2.461 -2.012 -0.448 1
2 -2.413 -2.033 -0.38 2

8 8

SAMPLE SIZE 5+5

3 -2.358 -1.807 -0.551 1
4 -2.367 -1.896 -0.471 2
5 -2.26 -2.016 -0.244 1
6 -2.094 -2.102 0.008 2
7 -2.48 -1.898 -0.582 1
8 -2.07 -1.946 -0.123 2
9 -2.453 -2.05 -0.402 1
10 -2.193 -1.963 -0.23 2
11 -2.127 -2.256 0.129 1
12 -2.409 -1.95 -0.459 2... ......

STRATIFIED SAMPLING

∑ΔOFVi

∑

∑ΔOFVi ∑ΔOFVi ∑ΔOFVi

19

1000 -2.028 -1.941 -0.087 2 ∑ΔOFVi

5+5
∑ΔOFVi

6+6
∑ΔOFVi

7+7
∑

n+n
...

∑ ΔiOFV  
= -2.278 

MCMP Methodology – step 2

SAMPLE SIZE 5+5∑ ΔiOFV 
= -2.278 

STRATIFIED SAMPLING

∑ΔOFVi

∑

∑ΔOFVi ∑ΔOFVi ∑ΔOFVi

= 2.278 
∑ ΔiOFV 
= -5.037
∑ ΔiOFV 
= -0.641
∑ ΔiOFV 

repeat 
10,000

20

∑ΔOFVi

5+5
∑ΔOFVi

6+6
∑ΔOFVi

7+7
∑

n+n
...∑

= 0.488
...
∑ ΔiOFV 
= -3.694 FRACTION ∑ΔiOFV

>CRITICAL OFV
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MCMP Methodology – step 2

SAMPLE SIZE 5+5

100

Power

STRATIFIED SAMPLING

∑ΔOFVi

∑

∑ΔOFVi ∑ΔOFVi ∑ΔOFVi
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repeat 
10,000
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n+n
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FRACTION ∑ΔiOFV
>CRITICAL OFV

POWER 
FOR
n=5

MCMP Methodology – step 2

SAMPLE SIZE 6+6

100

Power

STRATIFIED SAMPLING
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repeat 
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7+7
∑

n+n
...

FRACTION ∑ΔiOFV
>CRITICAL OFV

POWER 
FOR
n=6

Increment
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MCMP Methodology – step 2
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MCMP Methodology – step 2
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...

FRACTION ∑ΔiOFV
>CRITICAL OFV

POWER 
FOR

n=200 here

Complete power curve
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Results

IV bolus 1-compartment
with/out covariate
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e
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)
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80

90

100

MCMP
Type I

SSE

Number of individuals per arm

0

10

20

0 20 40 60 Asymptotic normality 
requires calibration for Type 
I error inflation1

1. U. Wahlby, E. N. Jonsson, and  M. O. Karlsson.  Assessment of actual 
significance levels  for covariate effects in NONMEM. J. Pharmacokinet. 
Pharmacodyn. 28:231–252 (2001).

Results

IV bolus 1-compartment
with/out covariate

100

1) Check if nominal 
cut-off value (i.e. for 

0 05 5% F l
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100 α=0.05, 5% False 
Positive) 

2) If not, re-assess 
appropriate cut-off 
value

Large number of 

SSE
MCMP
Type I

Number of individuals per arm

0

10

20

0 20 40 60

g
Simulations and 
Estimations for each 
sample size

26



6/14/2010

14

Results

IV bolus 1-compartment
with/out covariate
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Results

IV bolus 1-compartment
with/out covariate

100

Infusion 1-compartment
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Results

FPG-HbA1c model with/out 
drug effect on Kout

Linear disease model 
with/out slope effect 

100 100

P
o

w
e

r 
(%

)

30

40

50

60

70

80

90

100

30

40

50

60

70

80

90

100

Number of individuals per arm

0

10

20

0 10 20 30 40
0

10

20

0 20 40 60 80 100 120

SSE
MCMP
Type I
SSE 
calibrated 29

Pool of all tested 
models results 
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2nd Application 

Proof of Concept p
study with 

categorical data
Power to detect 
difference with PK 
samples vs. only dose

Placebo + 4 dose 

31

b 4
groups

GO/NO GO criterion :  
number  of  inclusion 
between the two 
studies

2nd Application  
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11 patients difference per arm

Number of individuals per arm~30minutes
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A fast method for powering LRT

Possibility to obtain a complete power curve

Summary

y p p

No calibration of type I error

Opportunity for rapid response to design 
changes proposed by study team

Increase feasibility for sensitivity analyses 

Increase possibility to demonstrate added 
value of mechanism-based models value of mechanism based models 

Future work

Soon to be embedded in PsN software 

33

Acknowledgment

My co-authors: Mats O. Karlson and Martin Bergstrand

Kristin Karlsson (http://www.page-
meeting.org/default.asp?abstract=1846)

Sebastian Ueckert, Joakim Nyberg

The Pharmacometrics Group at Uppsala University

34

Institut de Recherches Internationales SERVIER for 
research funding

And...



6/14/2010

18

T H A N K  Y O U  F O R  T H A N K  Y O U  F O R  Y O U R  Y O U R  
A T T E N T I O NA T T E N T I O N !!

Q u e s t i o n s ?Q u e s t i o n s ?

EXTRA SLIDESEXTRA SLIDES

36
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SSE MCMP

How fast is fast?

In average for 1 SSE:SSE MCMP

200 SSEs
For Ntot→ 2 to 400

1 MCMP
For Ntot→ 2 to 400

In average for 1 SSE: 
0.45% simulation time 
4.5% estimation time

for 1 MCMP
×N

For Ntot→ 2 to 400 For Ntot→ 2 to 400

11,000 simulations

2,200 estimations

50 simulations

100 estimations∑
×200

∑
×1

37
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