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Introduction EMBARC

Precision Medicine: Identify the Treatment Decision Rule
(TDR) with patient’s baseline information.
> Baseline measures: x = (X1, ..., Xp)’
> A function D that assigns a treatment decision to a patient based
on x = (x1,...,Xp)’
D:x—T

> A treatment decision:
» T =1 for treatment 1
» T = 2 for treatment 2
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Generated Effect Modifier (GEM) model
Petkova et al (2016, Biostatistics)

A~
\NYU School of Medicine

NYU LANGONE MEDICAL CENTER

JSM 2020 Langiu Yao & Thaddeus Tarpey



Introduction EMBARC

®0

Generated Effect Modifier (GEM) model
Petkova et al (2016, Biostatistics)

A~
\NYU School of Medicine

NYU LANGONE MEDICAL CENTER

JSM 2020 Langiu Yao & Thaddeus Tarpey



Introduction EMBARC Discussion

e

Generated Effect Modifier (GEM) model
Petkova et al (2016, Biostatistics)

GEM = w = o/Xx = aqxq + -+ apXp
GEM model (k = 2):

Y1 =01 +711GEM +¢;  (Treatment 1)
Yo =702 +721GEM + ¢, (Treatment 2)

e¢Choose «a that maximizes the statistical significance of

modifying or interaction effect
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Single index model with multiple links (SIMML) model
Park et al (2019, JSPI)
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Single index model with multiple links (SIMML) model
Park et al (2019, JSPI)
Model:

Yk = gk(e/X) + ek

where gi is a nonlinear link function for treatment k.
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oe

Single index model with multiple links (SIMML) model
Park et al (2019, JSPI)
Model:

Yk = gk(e/X) + ek

where gi is a nonlinear link function for treatment k.

eNon linear link function
eFlexible methods for determining composite variables
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Establishing moderators and biosignatures of antidepressant
response in clinical care (EMBARC)

» A multi-site, placebo-controlled randomized clinical trial (RCT)
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0

Establishing moderators and biosignatures of antidepressant
response in clinical care (EMBARC)

A multi-site, placebo-controlled randomized clinical trial (RCT)
> Two treatment arms: Anti-depression ("drug”) and placebo

> 8-week longitudinal trial

» Hamilton Depression Rating Scale (HDRS)

> Large collection of baseline measures

v
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Linear mixed effect model for longitudinal data:

Yki = SiBk + Siby + €ki (1)
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Single index model for longitudinal data:

Yki = Si(Bk + Tk('X;)) + Sibki + €ki (2)
1 4 £
e S;is the design matrix, S = s ;
1ty & it
e [ is the fixed effect coefficients

I’y is the fixed effect coefficients
Biosignature: w; = o'x;
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Single index model for longitudinal data:

Yki = Si(Bk + Tk('X;)) + Sibki + €ki (2)
1 4 £
e S;is the design matrix, S = s ;
1ty & it
e [y is the fixed effect coefficients
e I' is the fixed effect coefficients
e Biosignature: w; = o'x;
e by ~ MVN(0, Dy)
e €4~ MVN(O, U;%) @School of Medicine

NYU LANGONE MEDICAL CENTER

JSM 2020 Langiu Yao & Thaddeus Tarpey



Introduction Method Simulation Study EMBARC

000@0000

Goal: Estimate a linear biosignature using baseline measures
that optimally separates outcomes from the two treatment
groups

Yii = Si(Bk + Ti(a/'X;) + byi) + €k
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Goal: Estimate a linear biosignature using baseline measures
that optimally separates outcomes from the two treatment
groups

Yii = Si(Bk + Ti(a/'X;) + byi) + €k

Coefficients:
zii = Bk + Ti(a'x;) + by
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Goal: Estimate a linear biosignature using baseline measures
that optimally separates outcomes from the two treatment
groups

Yii = Si(Bk + Ti(a/'X;) + byi) + €k

Coefficients:
zii = Bk + Ti(a'x;) + by

Distributions of coefficients:

zyi|x; ~ MVN(Bx + T('x;), Dy)
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Goal: Estimate a linear biosignature using baseline measures
that optimally separates outcomes from the two treatment
groups
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Goal: Estimate a linear biosignature using baseline measures
that optimally separates outcomes from the two treatment
groups

Treatment 1:

24i|x; ~ MVN(B4 +T1(’x;), Dy)

Treatment 2:
25i|X; ~ MVN(B2 + T2(a’x;), D)

The distributions can "move” apart in directions T'y as

. — / . i
w; = o/ x; varies.
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KL divergence
+00 f1 (X)

Dy (Fil|F2) = / A0 log( . )

where f; and £, denote the probability density of F; and F».
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00000e00

KL divergence
+00 f1 (X)

Dy (Fil|F2) = / A0 log( . )

where f; and £, denote the probability density of F; and F».

It has properties:
» The Non-negative;

> Measure of how far the distribution F; is from the
distribution F».
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Individual Purity
g(a’x) :DKL(F1 HFQ)(a/X) + DKL(F2HF1 )(a’X) (3)
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Individual Purity
g(a’x) :DKL(F1 HFQ)(a/X) + DKL(F2HF1 )(a’X) (3)

4

Dataset Purity

G(a) = E(9(a'X)) = Ao + Aty + Apcd (Bx + pxpy) e (4)

v
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Individual Purity
g(a’x) :DKL(F1 HFQ)(a/X) + DKL(F2HF1 )(a’X) (3)

4

Dataset Purity

G(a) = E(9(a'X)) = Ao + Aty + Apcd (Bx + pxpy) e (4)

v

where
> Ay =
~q+5tr(Dy ' D)+ 3tr(Dy " D2)+ (81— B2) (Dy '+ Dy ")(B1 —B2)
> Ar = (B1 — B2) (D' + Dy ') (T —Ty) —
> Ap = }(Ty — To)(Dy ' + Dy ')(Ty — T2) \NYU School of Medicine
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0000000e

> 0: Initial an «
» 1: Fit the longitudinal single index models

> 2: Estimate ,31 s ,éz, f1 , f‘g, b1 s bg
> 3: Calculate purity based on the function

G(e) = Ao + At i + Aocd! (S + fxfily)ex
> 4: Obtain &* that maximizes the purity function

&" = argmax G(a)
(o2

> * * k %
5: Fit LME and calculate 37, 83, T, 15, Dz, D for t%%ool T
decision rule calculation. Nairtrirssiivensati
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Outcome generation function

Yii = Si(Bk + k(X)) + Sibyi + ki
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®0000000

Outcome generation function
Yki = Si(Bk + Tk(c’'X;)) + Sibyi + e J

Treatment group: k = 2;

Number of subjects in group k: n, = 100; N =", nk
Design matrix: S;=[1 t t],t=(0,1,2,3,4,6,8)
Fixed effect: 1= (0 1 0.1),8,=(0 09 0.1)
Random effect: by; ~ MVN(0, D)

100 1 0O O
» D=1 010 |,Dob=(0 105
0 0 2 0 05 1 o
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Outcome generation function

Vi = Si(Bk + Tk (a’X;)) + Sibyi + €xi
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Outcome generation function

Vi = Si(Bk + Tk (a’X;)) + Sibyi + €xi

>I‘1:(0 1 0),71—‘2:(0 cos() sin(6) )/;
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Outcome generation function

Vi = Si(Bk + Tk (a’X;)) + Sibyi + €xi

»Iy=(0 10 )’,I‘g: (0 cos(6) sin(h) )/;
» 6:{0°,60° 120°,180°}
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O@000000

Outcome generation function

Vi = Si(Bk + Tk (a’X;)) + Sibyi + €xi

»Iy=(0 10 ),,I‘gz (0 cos(6) sin(h) )/;
» 0 :{0°,60°120°,180°}

» Covariates: x; ~ MVN(0, Xx)

> 3 ,: equal correlation matrix, correlation = 0.5
» Dimension of predictors: p =2,4,8,16

» Random error: o = 1,2,10

>

Simulated 1000 data sets —~
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Average change scores:

Ui =

Yii(t = 8) — Yi(t = 0)
8-0
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Average change scores:

Ui =

Yii(t = 8) — Yi(t = 0)
8-0

Treatment decision rule (TDR):

1 Treatment 1

(a'x)) (Ui i) + 2 Treatment 2
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Qutcome: R R
Yi = Si(Bk + Ti(a'x;))
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Qutcome: R R
Yi = Si(Bk + Ti(a'x;))

Treatment decision rule (TDR):

1  Treatment 1

D(&'x;) = I(Uy; > Upj) +1 =
(@) = I(Ur; > Uai) + 2  Treatment 2
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Qutcome: R R
Yi = Si(Bk + Ti(a'x;))

Treatment decision rule (TDR):

1  Treatment 1

D(&'x;) = I(Uy; > Usj) +1 =
(@xi) = Uy ei) + {2 Treatment 2
Criterion: Proportion of correct decision (PCD)

ST I(D(ax;) = D(a/x;))
n+ no

PCD =
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Approaches:
» Longitudinal single index model (Longitudinal-SI)
» Linear generated effect modifier model (Linear-GEM)
» Single index model with multiple links model (SIMML)
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Establishing moderators and biosignatures of antidepressant
response in clinical care (EMBARC)
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Establishing moderators and biosignatures of antidepressant
response in clinical care (EMBARC)

A~
\NYU School of Medicine

NYU LANGONE MEDICAL CENTER

JSM 2020 Langiu Yao & Thaddeus Tarpey



Introduction EMBARC

@00

Establishing moderators and biosignatures of antidepressant
response in clinical care (EMBARC)
> 58 subjects in placebo group, 45 subjects in treatment group

» Covariates: Demographics, Behavior measure, Cortical
thickness
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@00

Establishing moderators and biosignatures of antidepressant
response in clinical care (EMBARC)
> 58 subjects in placebo group, 45 subjects in treatment group

» Covariates: Demographics, Behavior measure, Cortical
thickness

> 13 covariates were selected by stepwise selection.
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» Average change scores:
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» Treatment decision rule ?
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» Average change scores:

» Treatment decision rule ?

» Performance measure: The "value” (V) of treatment decision
rule D:
V(D) = Ex(Eyx(U|x, T = D(a'x))

» Estimation: Inverse Probability Weighted Estimator (IPWE)

ny+ns ny+ns
V(D) = ZU, (T; = D(&'x;)) /Z/ ax,))
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ooe

Estimated value of treatment decision rules
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@00

» Longitudinal Single Index model: Combine baseline
characteristics into a single index in the context of linear
mixed effect model

» Simulation: Good estimation of Proportion of correction
decision (PCD) in simulation study

» EMBARC Similar performance as SIMML, less variance.

» Future work: Variable selection, Hypothesis test,...
N
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> Bock, HH, (2003), Convexity-based clustering criteria: theory, algorithms, and applications in statistics,”
Statistical Methods Applications, 12, 293-317.

> Park, H., Petkova, E., Ogden, RT, and Tarpey, T., (2020), A Single-index model with multiple-links," to appear
Journal of Statistical Planning and Inference.

> Petkova, Tarpey, Su and Ogden, (2016), Generated Eect Modi
ers in randomized clinical trials,” Biostatistics, 18, 105-118.

> Petkova, Park, Ciarleglio, Ogden and Tarpey (2020), Optimizing treatment decision rules through generated
eect modi
ers: A precision medicine tutorial,” to appear British Journal of Psychiatry.

> Tarpey, Petkova and Zhu, (2016), Stratified Psychiatry via Convexity- Based Clustering with Applications
Towards Moderator Analysis,” Statistics and Its Interface, 9, 255-266.
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Thank Youl!

Questions&Comments
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