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Background and Objectives

Exploratory Exposure-Response Analysis

• Psychiatric drug development faces several impediments including large
placebo effects, under-explored exposure-response relationships, and high
dropout rates
• Only 6 antipsychotics are currently approved for the treatment of
adolescent schizophrenia
• 35% of all short-term adult schizophrenia registration trials submitted to
the US Food and Drug Administration were concluded to be “failed” or
“negative trials”
• 2 out of 6 of all adolescent registration trials demonstrated lack of
separation of the investigated drug from placebo
• Adult trials of the corresponding negative adolescent trials demonstrated
substantial evidence of effectiveness
• Modeling and simulation strategies have shown to “de-risk” and guide
pediatric drug development
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Figure 1 represents the comprehensive model
building process which consists of (1) developing
a placebo effect model (2) adding an underlying
exposure-response relationship to the placebo
model to evaluate the impact of varying
treatment doses on total PANSS scores, and (3)
creating a parametric time to event model to
characterize patient dropout patterns.

Primary Efficacy Measure Model:
Total PANSS Score

Objective:
• This analysis will demonstrate how quantitative disease-drug-trial models
can serve as a platform to design informative pediatric trials, inform doseselection, and ultimately provide evidence of effectiveness

Methods
Study Population:
• Subject level longitudinal positive and negative syndrome scale (PANSS)
scores from two drug programs (referred to as Drug A and B) with an
approved adult indication and a failed/negative adolescent study was
collected using sponsor submitted applications
• Population pharmacokinetic models were used to derive steady state
exposure metrics
Model Development and Simulation Workflow:
• Non-linear mixed effect and parametric time to event models were
utilized to predict longitudinal PANSS scores in patients receiving placebo
and active treatment
• Clinical trial simulations will be used to identify potential reasons for
negative findings
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Figure 2: Disease Progression over a Typical 6-Week Trial is Similar Between Adults and Adolescents
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*Red and blue error bars and point estimates represent adult and adolescent patient populations respectively. Red and blue box plots
represent predicted exposures in adults and adolescents respectively.
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Placebo Model
Baseline Total PANSS Score [PANSSBSL]
Maximum Placebo Effect [Pmax]
Time to Reach 63.2% of Maximum Placebo Effect [TD]
Shape Parameter [POW]
Additive Residual Error
IIV – PANSSBSL (%CV)
IIV – Pmax (SD)
IIV – TD (%CV)
IIV – POW (%CV)
Drug Model
Maximum Drug Effect [Emax]
Average Steady State Concentration needed for 50% of Max
Effect [EC50]
Drug Effect Delay Rate Constant [kt]
IIV – Emax (%CV)
IIV – EC50 (%CV)
Dropout Model
Baseline Hazard [λ0]
Shape Parameter [k]
Beta1-Baseline PANSS
Beta2-Change from Baseline PANSS
Beta3- Region (USA vs. ROW)
Adolescent Dropout Model Parameters

A. Adult model adequately
predicts change from baseline
at week six in adolescents
B. Adult model adequately
predicts placebo corrected
change from baseline in week
six in adolescents
C. Underpowering of adolescent
study was found to be the
cause of a negative trial. An
increase in sample size would
have led to a positive finding

A.

B.

C.
Observed

Simulated

𝒌
𝒕 𝒌−𝟏
𝒉(𝒕) =
∙
λ(𝑡) λ(𝑡)

Drug B Adolescent Simulations

λ(𝑡) = λ𝟎 ∙ 𝒆𝒙𝒑(𝛃 𝒙′)

−𝒌𝒕(𝒕) )

Adult Disease-Drug-Trial Model Parameters

Figure 3: Final Adult DiseaseTrial Model and Adolescent
Dropout Model Used to
Predict Week 6 Change from
Baseline in Adolescents in
Drug A Trial

Dropout Model

𝑷𝑨𝑵𝑺𝑺 𝒕 = 𝑷𝑨𝑵𝑺𝑺𝑩𝑺𝑳 ∙ 𝟏 − 𝒑𝒍𝒂𝒄𝒆𝒃𝒐 𝒆𝒇𝒇𝒆𝒄𝒕 ∙ 𝟏 − 𝒅𝒓𝒖𝒈 𝒆𝒇𝒇𝒆𝒄𝒕

Figure 1: Model Framework

Drug A Adolescent Simulations

Drug A Mean
Estimates
(%RSE)

Drug B Mean
Estimates
(%RSE)

90.2 (5)
0.13 (30)

92.4 (4)
0.07 (21)

2.90 (15)
1.09 (28)

2.82 (23)
1.60 (17)

5.11 (12)
14.1 (10)

7.20 (17)
19.3 (28)

0.22 (14)
29.8 (36)
124 (41)

0.26 (41)
30.7 (23)
134 (37)

0.07 (56)
0.33 (12)

0.09 (45)
0.02 (16)

1.44 (14)
109 (51)
16.1 (28)

2.02 (18)
86.3 (38)
10.2 (42)

29.2 (12)
1.86 (17)
-0.03 (25)
-0.53 (31)
-1.15 (28)

20.6 (32)
1.98 (18)
-0.02 (38)
-0.17 (36)
-0.21 (24)

Drug A Mean
Estimates
(%RSE)

Drug B Mean
Estimates
(%RSE)

Baseline Hazard [λ0]
Shape Parameter [k]

29.2 (14)
1.86 (23)

10.2 (19)
2.36 (20)

Beta1-Baseline PANSS
Beta2-Change from Baseline PANSS

-0.03 (15)
-0.53 (34)

-0.02 (25)
-0.19 (11)

Beta3- Region (USA vs. ROW)

-1.15 (21)

-0.25 (21)
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Figure 4: Final Adult DiseaseTrial Model and Adolescent
Dropout Model Used to
Predict Week 6 Change from
Baseline in Adolescents in
Drug B Trial
A. Adult model adequately
predicts change from baseline
at week six in adolescents
B. Adult model adequately
predicts placebo corrected
change from baseline in week
six in adolescents
C. Pooled analysis by the
sponsor resulted in the
dilution of total treatment
effect. Approximately, 85% of
patients enrolled did not
experience a dose change
from week two to week six.
Grouping of subjects based on
final dose demonstrated
statistically significance at
doses of 40 mg and 60 mg
twice daily

BID
Dose
(mg)

LS Mean Difference from
Placebo-Corrected Change
from Baseline at Week 6

95% CI

P-value

20

3.6

(-2.13 , 9.42)

0.216

40

7.2

(2.93 , 11.46)

0.0008*

60

6.0

(1.65 , 10.26)

0.007*

80

0.9

(-3.39 , 5.21)

0.680

LS: Least Square Mean, CI: Confidence Interval. Results are obtained from a mixed
effects repeated measures analysis of covariance model with subject as random
effect, treatment, region, baseline total PANSS, visit, treatment, and visit-bytreatment interaction. Multiplicity corrected using Holm’s procedure.

Conclusion and Future Considerations
• The use of disease-drug-trial models provides a novel method to
demonstrate similar exposure response relationships between adults and
adolescents and provides a basis to extrapolate evidence of efficacy
• The developed model could be used by sponsors to inform future
additional adolescent studies for Drug A and B
Formulation
Changes

Clinical Trial
Simulations

• Findings of similar exposure-response relationship could be used to extrapolate
evidence of efficacy when evaluating different formulations of Drug A and B

• Model informed drug development can be utilized to evaluate potential
reasons for negative/failed trials and to provide evidence of effectiveness

