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Model based vs. traditional data analysis

Model-Based Analysis
(Default Design)

Traditional Analysis
(Unstructured MMRM model, !
LSMeans)

1892 (3.6 X)

1443 (2.2 X)

Model-Based Analysis
(Optimized for power)



General principle
We would like to: 

• Use population pharmacometric models for longitudinal data 
(nonlinear mixed effects models)

• Avoid model building to avoid problems of potential model bias  
(pre-specified models, model averaging)

• Test for a drug effect using population model based approaches

• Incorporate uncertainty in both model structure and estimated model 
parameters in dose selection.



Averaged Model Based Analysis Result

Model Based Analysis of PhIIb study data recommends ____mg  

with ____% probability of achieving an effect higher than the target effect.

Assumptions:
• Placebo Model reasonably describes the placebo effect.
• Dose Effect relationship can be described reasonably by at least one of the following models: linear, log-linear, emax, sigmoidal.



Model averaging
How we do it



Placebo Model

Placebo Model + D-E relationship 1

Placebo Model + D-E relationship 2

Placebo Model + D-E relationship 3

Placebo Model + D-E relationship 4



Placebo Model

+
PhIIb clinical trial data

Placebo Model + Linear

Placebo Model + Log-linear

Placebo Model + Emax

Placebo Model + Sigmoidal

Bootstrap
or

Var-Cov matrix

(✓1, ✓2, . . . ,!1,!2, . . . ,�1,�2)

(✓1, ✓2, . . . ,!1,!2, . . . ,�1,�2)

(✓1, ✓2, . . . ,!1,!2, . . . ,�1,�2)
...

(✓1, ✓2, . . . ,!1,!2, . . . ,�1,�2)

(✓1, ✓2, . . . ,!1,!2, . . . ,�1,�2)

(✓1, ✓2, . . . ,!1,!2, . . . ,�1,�2)
...

(✓1, ✓2, . . . ,!1,!2, . . . ,�1,�2)

(✓1, ✓2, . . . ,!1,!2, . . . ,�1,�2)

(✓1, ✓2, . . . ,!1,!2, . . . ,�1,�2)
...

(✓1, ✓2, . . . ,!1,!2, . . . ,�1,�2)

(✓1, ✓2, . . . ,!1,!2, . . . ,�1,�2)

(✓1, ✓2, . . . ,!1,!2, . . . ,�1,�2)
...
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Model2: Log-linear

Model3: Emax

D
en

si
ty



Model1: Linear

Model2: Log-linear

Model3: Emax

Model4: Sigmoidal
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• IC can be any 
information criteria  
(in coming example we 
use -2*log(likelihood) )

• Weighting scheme 
proposed by Buckland 
et.al. 1997
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Averaged Model Based Analysis Result

Model Based Analysis of PhIIb study data recommends 40mg  

with 76% probability of achieving an effect higher than the target effect.

Assumptions:
• Placebo Model reasonably describes the placebo effect.
• Dose Effect relationship can be described reasonably by at least one of the following models: linear, log-linear, emax, sigmoidal.



Simulation Studies 
based on AZD1981



AZD1981

Target Effect : 0.1L placebo-baseline adjusted improvement of FEV1

Oral drug candidate compound for Asthma treatment.

Doses 0mg 10mg 40mg 100mg and 400mg were tested during PhIIb Study.



Step1: Randomly choose model structure from linear, log-linear, emax, and sigmoidal.

Step2: Choose model parameters from reasonable ranges with appropriate constraints.

Step3: Add the drug effect to the placebo data.

PhIIb study simulation data



Placebo data

ID Time FEV1  
obs

1 -1 1.96
1 0 1.77
1 1 1.99
1 2 1.83
2 -1 3.22
2 0 3.33
2 1 3.42
2 2 3.12
3 -1 1.55
3 0 1.43
3 1 1.62
3 2 1.52
3 3 1.5
3 4 1.7



Placebo data

ID Time FEV1  
obs

Simulation  
Dose

1 -1 1.96 400
1 0 1.77 400
1 1 1.99 400
1 2 1.83 400
2 -1 3.22 0
2 0 3.33 0
2 1 3.42 0
2 2 3.12 0
3 -1 1.55 40
3 0 1.43 40
3 1 1.62 40
3 2 1.52 40
3 3 1.5 40
3 4 1.7 40



Placebo data

ID Time FEV1  
obs

Simulation  
Dose FEV1sim dose-response

1 -1 1.96 400 FEV1obs
1 0 1.77 400 FEV1obs
1 1 1.99 400 FEV1obs+Drug Effect
1 2 1.83 400 FEV1obs+Drug Effect
2 -1 3.22 0 FEV1obs
2 0 3.33 0 FEV1obs
2 1 3.42 0 FEV1obs
2 2 3.12 0 FEV1obs
3 -1 1.55 40 FEV1obs
3 0 1.43 40 FEV1obs
3 1 1.62 40 FEV1obs+Drug Effect
3 2 1.52 40 FEV1obs+Drug Effect
3 3 1.5 40 FEV1obs+Drug Effect
3 4 1.7 40 FEV1obs+Drug Effect



Averaged Model Based Dose Selection
comparison with the traditional dose selection criterion



Traditional Dose Selection Scheme
base on study protocol of AZD1981

Criterion 1: p-value of pairwise ANOVA of active arm and placebo arm is less than 0.05.

Criterion 2: average of the placebo-baseline adjusted effect to be greater than 0.1L.

Choose either “go” with 10mg, 40mg, 100mg, 400mg or  “stop”.



Criterion 1: All models have to pass the likelihood ratio test against the model without drug effect.  
                 (if not, automatically “stop” decision).

Averaged Model Based Dose Selection Scheme

Criterion 2: Choose the minimum dose with probability of achieving the target effect is above 50%.

Choose either “go” with 10mg, 40mg, 100mg, 400mg or  “stop”.
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Exact Dose that Achieves the Target Effect 
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Simulation Study 1
correct dose = 10mg

10 mg 40 mg 100 mg 400 mg Stop



Simulation Study 1
correct dose = 10mg

10 mg 40 mg 100 mg 400 mg Stop

Study Protocol
(ANOVA + Averaged Effect)

582 238 60 47 73



10 mg 40 mg 100 mg 400 mg Stop

Study Protocol
(ANOVA + Averaged Effect)

582 238 60 47 73

Averaged Model 
Based

(with Preconditioning
and Unconditional)

788 170 19 10 13

Simulation Study 1
correct dose = 10mg



Frequencies of making the correct dose selection

Study Protocol
(ANOVA + Averaged Effect)

Averaged Model Based

Simulation Study 1
correct dose = 10mg

35% improvement

Simulation Study 2
correct dose = 40mg

64% improvement

Simulation Study 3
correct dose = 100mg

38% improvement

Simulation Study 4
correct dose = 400mg

29% improvement

Simulation Studies 1-4



Frequencies of making the correct dose selection

Study Protocol
(ANOVA + Averaged Effect)

Averaged Model Based

Simulation Study 1
correct dose = 10mg

41% improvement
Simulation Study 2

correct dose = 40mg

Simulation Study 3
correct dose = 100mg

Simulation Study 4
correct dose = 400mg

Simulation Studies 1-4



Type-I error rates
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Modifications

•Selection criteria for test of drug effect

• how to get uncertainty in model predictions of drug effect

•weighting principles



•Software 
available on 
the Apple 
App Store 
for Mac

•Future 
versions 
also 
available in 
PsN / xpose



Comparison to MCP-MOD

•Testing for drug effect

- Using the likelihood ratio test for each model, instead of 
contrast tests

- Allows for incorporation of covariate adjusted dosing and 
dose-concentration-effect modelling.

•Model averaging takes into account uncertainty in models and 
parameter estimates and uses predicted drug effect as the 
parameter of interest



Conclusion

Averaged Model Based Analysis Result

Model Based Analysis of PhIIb study data recommends ____mg  

with ____% probability of achieving an effect higher than the target effect.

Assumptions:
• Placebo Model reasonably describes the placebo effect.
• Dose Effect relationship can be described reasonably by at least one of the following models: linear, log-linear, emax, sigmoidal.

Frequencies of making the correct dose selection

Study Protocol
(ANOVA + Averaged Effect) Averaged Model Based

Simulation Study 1
correct dose = 10mg

41% improvement
Simulation Study 2

correct dose = 40mg

Simulation Study 3
correct dose = 100mg

Simulation Study 4
correct dose = 400mg
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10 mg 40 mg 100 mg 400 mg Stop

Study Protocol
(ANOVA + Averaged Effect)

582 238 60 47 73

Averaged Model 
Based*

543
(70%)

173
(21%)

31
(4%)

18
(2%)

26
(3%)

Simulation Study 1
correct dose = 10mg

*The covariance steps failed for all four models on 219 simulations.



Original

34% of $cov failed

with Unconditional

8.3% of $cov failed
0.04% of $cov failed

with Preconditioning
and

Unconditional

Preconditioning

a numerical linear algebra “trick” to reduce the rounding error

Numerical experiments were conducted using NONMEM7.2 with gcc4.2.1 compiler on MacOSX.



Simulation Study 1
correct dose = 10mg

10 mg 40 mg 100 mg 400 mg Stop

Study Protocol
(ANOVA + Averaged Effect)

582 238 60 47 73

Averaged Model 
Based 543 173 31 18 26



Simulation Studies 1-4 
 



10 mg 40 mg 100 mg 400 mg Stop

Study Protocol
(ANOVA + Averaged Effect)

582 238 60 47 73

AMB
with Preconditioning

and Unconditional
788 170 19 10 13

Simulation Study 1
correct dose = 10mg



10 mg 40 mg 100 mg 400 mg Stop

Study Protocol
(ANOVA + Averaged Effect)

132 361 244 145 118

AMB
with Preconditioning

and Unconditional
155 592 137 80 36

Simulation Study 2



10 mg 40 mg 100 mg 400 mg Stop

Study Protocol
(ANOVA + Averaged Effect)

41 120 312 325 202

AMB
with Preconditioning

and Unconditional
29 238 432 228 73

Simulation Study 3



10 mg 40 mg 100 mg 400 mg Stop

Study Protocol
(ANOVA + Averaged Effect)

18 31 84 402 465

AMB
with Preconditioning

and Unconditional
9 94 136 519 242

Simulation Study 4



Simulation Study 0 
verification of the estimated probability of achieving the target effect
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“True” Dose that Achieves the Target Effect (1-1000mg) 
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50%

320mg 429mg



Confidence Level 50%

Frequencies of Underdosing



Confidence Level 50%

Frequencies of Underdosing 493/1000



Confidence Level 30% 50%

Frequencies of Underdosing 493/1000



Confidence Level 30% 50%

Frequencies of Underdosing 662/1000 493/1000



Confidence Level 30% 50% 70%

Frequencies of Underdosing 662/1000 493/1000



Confidence Level 30% 50% 70%

Frequencies of Underdosing 662/1000 493/1000 319/1000
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Averaged Model Based Analysis Result

Model Based Analysis recommends ____mg  with ____% confidence level

 of achieving an effect higher than the target effect.

Assumptions:
• Placebo Model reasonably describes the placebo effect.
• Dose Effect relationship can be described reasonably by at least one of the following models: linear, log-linear, emax, sigmoidal.



Simulation Study 5
 what about the type 1 error?



There are drug effects added to placebo model, but they do not 

achieve the target effect within the tested dose range (i.e., 0-400mg) 

hence the STOP is the right decision.

Simulation Study 5
correct decision = STOP



Criterion 1: All models have to pass the likelihood ratio test against the model without drug effect.  
                 (if not, automatically “stop” decision).

Averaged Model Based Dose Selection Scheme

Criterion 2: Choose the minimum dose with probability of achieving the target effect is above 50%.

Choose either “go” with 10mg, 40mg, 100mg, 400mg or  “stop”.



10 mg 40 mg 100 mg 400 mg Stop

Study Protocol
(ANOVA + Averaged Effect)

11 12 38 161 778

AMB
with Preconditioning

and Unconditional
57 68 90 287 498

Simulation Study 5
correct decision = STOP



10 mg 40 mg 100 mg 400 mg Stop

Study Protocol
(ANOVA + Averaged Effect)

222 778

AMB
with Preconditioning

and Unconditional
502 498

Simulation Study 5
correct decision = STOP



Probability
of achieving 

the TE
50% 75% 85% 90% 95%

Stop 498 731 808 860 912

Go
Type 1 error

502 269 192 140 88

Simulation Study 5
correct decision = STOP



Criterion 1: All models have to pass the likelihood ratio test against the model without drug effect.  
                 (if not, automatically “stop” decision).

Averaged Model Based Dose Selection Scheme

Criterion 2: Choose the minimum dose with probability of achieving the target effect is above 50%.

Choose either “go” with 10mg, 40mg, 100mg, 400mg or  “stop”.



Criterion 1: There is 95% of probability of achieving the target effect at the highest dose (i.e., 400mg). 
                 (if not, automatically “stop” decision).

Averaged Model Based Dose Selection Scheme
possible revision?

Criterion 2: Choose the minimum dose with probability of achieving the target effect is above ___%.

Choose either “go” with 10mg, 40mg, 100mg, 400mg or  “stop”.



Estimation Models
 



Step1: Construct placebo model.

Estimation Models

BASE = (Typical_BBASE x EXP(ETA(1))) x (1+ coeffNormal x (fev1_%of normal -mean))
             x (1+AgeSlope x (AGE-mean))
             x SexFactor 
             + coeffWeight x (WEIGHT-mean)

FEV1 = (BASE + PlaceboEffect) x (1+EPS(1)) + EPS(2)

PlaceboEffect = {if placebo=false, 0 else, Typical_PlaceboEffect + ETA(2)}

FEV1 = (BASE + PlaceboEffect + Dose Effect Relationship) x (1+EPS(1)) + EPS(2)

Step2: Add dose effect component.



Estimation Models

BASE = (Typical_BBASE x EXP(ETA(1))) x (1+ coeffNormal x (fev1_%of normal -mean))
             x (1+AgeSlope x (AGE-mean))
             x SexFactor 
             + coeffWeight x (WEIGHT-mean)

FEV1 = (BASE + PlaceboEffect) x (1+EPS(1)) + EPS(2)

PlaceboEffect = {if placebo=false, 0 else, Typical_PlaceboEffect + ETA(2)}

Model 1:   FEV1 = (BASE + PlaceboEffect + linear) x (1+EPS(1)) + EPS(2)

Model 2:   FEV1 = (BASE + PlaceboEffect + log-linear) x (1+EPS(1)) + EPS(2)

Model 3:   FEV1 = (BASE + PlaceboEffect + emax) x (1+EPS(1)) + EPS(2)

Model 4:   FEV1 = (BASE + PlaceboEffect + sigmoidal) x (1+EPS(1)) + EPS(2)

Step1: Construct placebo model.

Step2: Add dose effect component.



Model Averaging
using covariance matrix
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Average
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29% 81% 95% 100%
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10 mg 40 mg 100 mg 400 mg

Effect > TV 29% 81% 95% 100%

Effect < TV 71% 19% 5% 0%

Table of Confidence Level
(Simulation Study 1 Simulated Data 3)
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Preconditioning
saving $cov step by providing an initial guess of var-cov matrix



Preconditioning

Widely used technique in the field of numerical linear algebra  
(i.e., trust me there is a strong theoretical reason why it should work!!)

Linearly re-parameterize the model using the “initial guess” of the var-cov matrix to decrease the 
condition number of the re-parameterized model’s var-cov matrix that NONMEM is estimating.  

(i.e., trick NONMEM to think var-cov matrix is almost a diagonal matrix!!)



Initial Guess of var-cov matrix

LDL
or

Cholesky



L of initial guess

Theta1_original
Theta2_original
Theta3_original
Theta4_original
Theta5_original

x THETA(1)
x THETA(1) +
x THETA(1) +
x THETA(1) +
x THETA(1) +

=
x THETA(2)
x THETA(2)
x THETA(2)
x THETA(2)

x THETA(3)
x THETA(3)
x THETA(3)

x THETA(4)
x THETA(4)

+
+
+

+
+

linear re-parameterization of the model



Theta1_original
Theta2_original
Theta3_original
Theta4_original
Theta5_original

x THETA(1)
x THETA(1) +
x THETA(1) +
x THETA(1) +
x THETA(1) +

=
x THETA(2)
x THETA(2)
x THETA(2)
x THETA(2)

x THETA(3)
x THETA(3)
x THETA(3)

x THETA(4)
x THETA(4)

+
+
+

+
+

Model 
Parameters

What NONMEM thinks 
the model parameters are...



If the initial guess is perfect If the initial guess is good

var-cov matrix for THETA var-cov matrix for THETA



var-cov matrix  
for THETA



var-cov matrix  
for THETAL of initial guess LT of initial guess



var-cov matrix  
for THETAL of initial guess var-cov matrix  

for Theta_original

=

LT of initial guess



rocessing

Java based programing language for visual design (e.g. infographics) artists.



Original data obtained from  

Cost of Drug Development Program

http://www.nspirehealth.com/images/PIKO-6nspire.jpg


Original data obtained from  

Cost of Drug Development Program
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