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Introduction
e0

Dose-response analysis

How does a (continuous) variable vary as a function of an exposure?

Dose-specific means and standard deviations
e Improving efficiency in (single investigation) findings

Inconclusive results

Crippa A., Orsini N. Institute of Environmental Medicine, Kl

Meta-analytical methods

Dose-Response Meta-Analysis of Continuous Outcomes from Aggregated Data 4 of 18



Introduction
oe

e No established methodology
e Davis and Chen, 2004

e Thomas et al, Eqax model

Aims
e Propose a new method to pool aggregated dose-response data
e How to flexibly model the dose/exposure

e lllustrate using a real example
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Methods
[ eJelele]

Aggregated dose-response data

Table 1: Notation for aggregated data in the i-th study i =1,..., /.

dose Y sd(Y) n

0 Yio sdio  nio

Xij Y,'j Sd,'j njj

Xiyy - Y, sdiy niy,

I
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Example

Effect size computation

Mean differences

dose index j =1,...,J;
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Effect size computation

Mean differences

dij = \_/,'j — 3_/,'0 (1)
nj + nio -
Var d," =4 S 2
( _/) nlJnIO Pi ( )
2
_ s¢ L.
Cov <d,'_,', dij’) = Var (YJO) = n’T(:)a Ji#J

dose index j =1,...,J;

Ji 4
Sgi = ijo (”ij — 1) Sdaz./ Zj:o (”ij _ 1)
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Dose-response analysis (1st stage)

di=f(x;,0;) +e siNN<0;ii)7 i=1...,1 (3)
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Dose-response analysis (1st stage)

di=f(x;,0;) +e siNN<0;ii)7 i=1...,1 (3)

e Erax model di= 91ix?3i/ <92i + x?3i>
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Methods
[e]e] Tele]

Dose-response analysis (1st stage)

di=f(x;,0;) +e siNN<0;ii)7 i=1...,1 (3)
e FEnax model di= 91iX?3i/ <02i + x?3i>
e Quadratic model d; =0;x; + 192,'X,2
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Methods
[e]e] Tele]

Dose-response analysis (1st stage)

d; = f (x1,0;) + e, s,-~N<0,f,-), i=1,....1 (3)
e FEnax model di= 91iX?3i/ <02i + x?3i>
e Quadratic model d; =0;x; + 192,'X,2
e Splines regression d; = 01ix1; + O2ix2;
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Methods
[e]e] Tele]

Dose-response analysis (1st stage)

d; = f (x1,0;) + e, s,-~N<0,f,-), i=1,....1 (3)
e FEnax model di= 91iX?3i/ <02i + x?3i>
e Quadratic model d; =0;x; + 192,'X,2
e Splines regression d; = 01ix1; + O2ix2;

Generalized least square estimation

~

6, — (x,Ti,-‘lx,-)_lx,Ti,-‘ld,-

V= var (6,) = (XT£7'x,) ®)
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Methods
[e]ele] o]

Multivariate meta-analysis (2nd stage)

Regardless the chosen f

Fixed-effects model (W = 0)

Cochran’s Q test and /2

Random-effects model (8; vary across studies)
REML estimation 6
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Methods
[ee]e]e] ]

Dose-findings
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Methods
[ee]e]e] ]

Dose-findings

Target doses (ED,) which produces 7% of the maximum predicted
response

x€(0,Xmax]

_ md,
ED, = argmax { S > 7} (8)

Confidence intervals by parametric bootstrap resampling
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Practical Example
000000

Working example

Table 2: Dose-response data for three of five clinical trials investigating
effectiveness of aripiprazole (PANNS) in schizoaffective patients.

ID  Author, Year dose Y sd(Y) n d Var(d)

1 Cutler, 2006 0 5.300 18.310 85 0.000 0.000
2 8.230 18320 92 2930 7.593
5 10.600 18.310 89 5300 7.715
10 11.300 18.320 94 6.000 7.515
2 McEvoy, 2007 O 2.330 26.100 107 0.000 0.000
10 15.040 27.600 103 12.710 13.344
15 11.730 26.200 103 9.400 13.344
20 14.440 25900 97 12.110 13.764
3 Kane, 2002 0 2900 24.280 102 0.000 0.000
15 15500 26.490 99 12.600 12.038
30 11.400 22.900 100 8.500 11.977
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Practical Example
(o] lelelele)

Study-specific analysis

Mean differences

dy = (2.93,5.30,6.00) "

7.59
Cov(di) = [3.94 7.72
3.94 3.94 752
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Practical Example
(o] lelelele)

Study-specific analysis

Mean differences
dy = (2.93,5.30,6.00) "
7.59

Cov(di) = [3.94 7.72
3.94 3.94 752

f = restricted cubic spline model with knots located at 0, 10, and 30

mg/day
1 = (1.215,-5.738) 7

V; = Cov (91> = [_03425 31.64]

D>

Institute of Environmental Medicine, Kl
12 of 18
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Practical Example
[e]e] lelele)
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Figure 1. Study-specific predicted dose-response curves and modeled data.
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Practical Example
[e]e]e] lele)

Meta-analysis

Table 3: Study-specific dose-response coefficients and corresponding
covariances.

1D él éz Var (él) Cov (él, é2> Var (éz)

1 122 -574 0.49 -3.65 31.64
2 126 -2.00 0.19 -0.48 1.43
3 125 -1.74 0.14 -0.22 0.40
4 081 -092 0.13 -0.23 0.44
5 093 -1.01 0.36 -0.58 1.02
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Meta-analysis

Table 3: Study-specific dose-response coefficients and corresponding
covariances.

1D él éz Var (él) Cov (él, é2> Var (éz)

1 122 -574 0.49 -3.65 31.64
2 126 -2.00 0.19 -0.48 1.43
3 125 -1.74 0.14 -0.22 0.40
4 081 -092 0.13 -0.23 0.44
5 093 -1.01 0.36 -0.58 1.02

REML pooled estimates

A

6 = (0.937,-1.156) "

Cov (é> - [—06(.)35 0.10}
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Practical Example
[e]e]ele] o)

Pooled dose-response results

e non-linear association

(p < 0.001)

Mean Difference

Relative Efficacy, %

Aripiprazole (mg/day)

Figure 2: Pooled predicted
dose-response curve.
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Practical Example
[e]e]ele] o)

Pooled dose-response results

e non-linear association

(p < 0.001)

o Emax 10.39 (95% Cl 7.48,
13.30) at xmax = 19.32 mg/day

e no change after 20 mg/day

Mean Difference

Relative Efficacy, %

Aripiprazole (mg/day)

Figure 2: Pooled predicted
dose-response curve.
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Practical Example
[e]e]ele] o)

Pooled dose-response results

e non-linear association
(p <0.001)

e Emax 10.39 (95% CI 7.48,
13.30) at xmax = 19.32 mg/day

no change after 20 mg/day
7 * e EDgy = 10.43 mg/day (95%
s s 9w 05 m = . Cl: 9.02, 16.73)

Aripiprazole (mg/day)

Mean Difference

Relative Efficacy, %
[ ]

Figure 2: Pooled predicted
dose-response curve.
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Practical Example
[e]e]ele] o)

Pooled dose-response results

e non-linear association

(p < 0.001)

e Emax 10.39 (95% CI 7.48,
13.30) at xmax = 19.32 mg/day

no change after 20 mg/day
* e EDgy = 10.43 mg/day (95%
s s 9w 05 m = . Cl: 9.02, 16.73)

Aripiprazole (mg/day)

Mean Difference

Relative Efficacy, %
[ ]

e no heterogeneity

Figure 2: Pooled predicted (@ =3.505,p = 0.9)

dose- response curve.
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Practical Example
00000e

Sensitivity analysis

20 4 — knots = 0, 0.5, 18.75 20 4
- 0.5,30

—— Restricted cubic spline
---- Quadratic
15 4 Emax

- Piecewise linear
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Figure 3: Graphical sensitivity analysis.
Left panel: different location of the three knots.
Right panel: alternative models.
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Conclusions
e0

Conclusions

Two-stage procedure

Variety of dose-response models

Spline regression

Extension to observational studies

Method implemented in dosresmeta R package

Crippa A., Orsini N. Institute of Environmental Medicine, Kl

Dose-Response Meta-Analysis of Continuous Outcomes from Aggregated Data 17 of 18



Conclusions
o] ]
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