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Primary Composite Endpoints

Efficacy endpoints

The primary endpoint measures the clinical evidence in a clinical trial.

Composite Endpoint

Combination of several responses into a unique variable.

m More information.

= Power might be increased.

Challenges in the design of clinical trials with Composite Endpoints:

= How to specify the expected treatment effect.
= How to determine the required sample size.

= How to easily compute the effect and sample size.
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TACTICS-TIMI 18 trial®

Invasive strategy (Intervention) versus Conservative strategy (Control)

Events of interest Binary Response

Death or myocardial infarction &1 X1
Rehospitalization &; X7
L,ifXp+Xp>1
Composite event ¢, = ¢ Uy Xi = 1 ! 2=
0,if X1 +X2=0

lCarmon, CP, et al. (2001). The New England Journal of Medicine.
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TACTICS-TIMI 18 trial®

Invasive strategy (Intervention) versus Conservative strategy (Control)

Events of interest

Binary Response Probabilities Effect
Death or myocardial infarction ¢1 X1
Rehospitalization ¢; X5
. Lif X +Xo>1 0 (1) M) (o)
Composite event ¢, = €] Ue X, = . + Ox=ps —
p vent e, = e Uep {0,1fX1+X2:0 (p+"p+ ) ps = ps

lCarmon, CP, et al. (2001). The New England Journal of Medicine.
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TACTICS-TIMI 18 trial®

Invasive strategy (Intervention) versus Conservative strategy (Control)

Events of interest

Binary Response Probabilities Effect
Death or myocardial infarction ¢1 X1
Rehospitalization ¢; X5
. Lif X +Xo>1 0 (1) (0
Composite event ¢, = €] Ue X, = . + Ox=ps —
P vent e, = ¢ Uep {0,1fX1+X2:0 (P ope ) P’ = ps

lCarmon, CP, et al. (2001). The New England Journal of Medicine.
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Planning TACTICS-TIMI 18 trial based on TIMI IIIB and VANQWISH?

Sample size formula

2
n:z.(%”éﬂ) .(,,Sf’) (1-p (o 4 5.1 —pio)—a*))

%

TIMI IIIB at 6 weeks of follow-up:

VANQWISH at 12 months of follow-up:
m Death or myocardial infarction

m Death or myocardial infarction
m Positive exercise test

2Carmon, CP, et al. (1998). American Journal of Clinical Oncology.
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Planning TACTICS-TIMI 18 trial based on TIMI IIIB and VANQWISH?

Sample size formula

2
e z(ﬂﬂ) (P 0 =p+ 0 w0 1-p0 -5)

%

TIMI IIIB at 6 weeks of follow-up:

VANQWISH at 12 months of follow-up:
m Death or myocardial infarction

m Death or myocardial infarction
m Positive exercise test

TACTICS-TIMI 18 (@ = 0.05,1 - =0.8):
- = Planned sample size:
For given p” = 0.22, TACTICS-TIMI

4 18 recruited n = 1720 patients to
detect 6, = —0.055.

2500

2000

Sample Size

1500

= Sample size based on observed values:

For given pio) =0.19,n=2000
patients should be recruited to detect
0, =—0.055.

T T T T
0.15 0.20 025 0.30

Event rate under control group

2Carmon, CP, et al. (1998). American Journal of Clinical Oncology.
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Aims of the talk

B Composite parameters from its margins
Sample size derivation based on the composite components

Software free tool: CompARE
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Using CompARE? to design trials with composite endpoints

. Home  Composite Endpoint Characterisics ~ ARE method ~ Effect Size  Sample Size  Loss in power
Endpoint 1: " s s P
R T (e 0T Sample Size derivation based on bands  Help

Point value -
Anticipated value: CE CHARACTERISTICS

0095 =

Effect measure:

Risk Difference -
Risk Difference:

-0.022

SAMPLE SIZE
LATE THE REQUIRED

Endpoint 2:
Probability under control group:

Point value -

Anticipated value:

0.137

Effect measure:

Risk Difference -

Risk Difference:

0027

3https://cinna.upc.edu/compare/
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Composite parameters from its margins
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Composite Binary Endpoint from its margins

Event Binary Response Probabilities  Risk difference
0 1 < 1 0
€1 X1 (Pg ),P(l ) 01 =P(1 )—Pg :
0 1 1 0
€ X2 (Y ),p(z ) 52:P(2)*P(2)
1,if Xi+Xp>1 0) (1) (1) (0)
v =& Ue Xi = . s Px Ox =Ps  —Ps
Hava {0, X1+ X220 (PP PP
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Composite Binary Endpoint from its margins

Event Binary Response Probabilities  Risk difference
0 1 . 1 0
€1 X1 (p§ ),pﬁ )) o1 =P(1 )—Pg )
0 1 c 1 0
€ X3 ®3 ) 52 =p3 - p}”
Lif X1 +Xp>1 0) (1) (1) (0)
L=epUe Xy = + s Px Ox =Pu  —Px
e=e Ve {0,ifX1+X2:0 (psps) 0 =ps =P

Probability of ¢, (Bahadur’s Theorem4):

p = -l -plh) - p(i)\/pgl)p(zl)(l -pha-pY)

4Bahadur, RR (1961). Stanford University Press. 158-168.
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Composite Binary Endpoint from its margins

Event Binary Response Probabilities  Risk difference
0 1 c 1 0
€ X1 (pg ),pﬁ ) 01 :p(1 )—pﬁ )
0 1 c 1 0
2 X2 @5 e e=py )
Lif Xp+Xp 21 (0) (1) , (1) _ _(0)
=€ Ue « =9, « s P 0w =Px | — P
e.=€Ue {0,1fX1+X2:0 (p+ spx ") Ou=ps—p

Probability of ¢, (Bahadur’s Theorem?):

P = = p = ) - o0 1 )
Risk difference for ¢,:
o = 51q(2)+5zq(1)—0152+p \/m j2) q(l )‘12 - \/p1 123 q(l )‘1(2)

where q}(o) =1 —p;co), k=1,2.

4Bahadur, RR (1961). Stanford University Press. 158-168.
5Bofill M, Gémez G (2018). Sample size derivation for composite binary endpoints. Submitted.
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Bounds for Pearson’s correlations® p(

Given marginal parameters 6 = (p(lo),P(zo),éb 07) the correlations for each group p(o),

p(l) are bounded:

6S0zu T, Sugimoto T and Hamasaki T. (2010). Statistics in Medicine.
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Bounds for Pearson’s correlations® p(o), p(l)

Given marginal parameters 6 = (p(lo),p(zo),él, 07) the correlations for each group p(o),

p(l) are bounded:

P2

Assuming p(o) = p(l), the common correlation p is bounded:
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Composite parameters when p(®) = p(1) given 6 = (p(10),p(20)’ 01,07)

The probability of observing ¢, decreases as the correlation p increases.

P = -t -phh - p\/p(f)p(z')(l ~pa-pY)
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Composite parameters when p(®) = p(1) given 6 = (p(10),p(20)’ 01,07)

The probability of observing ¢, decreases as the correlation p increases.

P = -t -phh - p\/p(f)p(z')(l ~pa-pY)

The effect on the composite endpoint decreases as the correlation p increases.

- ¢ 0 ¢ 0 ¢ 0) (0) (0) (0 1) (1) (1) (1
O = blq(z)+bzq(1 )—51bz+p(\/p(1 )p<2 )q(l )‘7(2 )—\/P§ )P(z )q(l )q(z ))
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Composite parameters when p(®) = p(1) given 6 = (p(10),p(20)’ 01,07)

The probability of observing ¢, decreases as the correlation p increases.

P = -t -phh - p\/p(f)p(z')(l ~pa-pY)

The effect on the composite endpoint decreases as the correlation p increases.

i C (0, . (0 ) 0)_(0) (0) (0 1) (1) (1) (1
0. = 51‘1(2)“52‘1(1 )—51"2+P(\/P(1 )P<2 )‘1(1 )‘7(2 )‘\/Pg )P(z )q(l )‘1(2 ))

TACTICS-TIMI 18: Plausible values for the composite parameters (pf,o), Ox)

(0) (0)

Marginal parameters py =0.095p," =0.137 61 =-0.022, 0 =-0.027
Correlation bounds (p = p(o) = p(l)) Br(0) =-0.10 By (6)=10.80
Composite Endpoint &, =1 Uey  0.14< p\” <0.23 ~0.05 <8, <—-0.03
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Sample size derivation based on the composite
components
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Sample Size for Composite Binary Endpoints

Testing problem:

Sample Size for composite endpoints:

0 0 .
n(p§ )lP(z )'61,0247) = 2~(

2
Za; Zﬁ) (P =p M+ 0 ) (1-p0 - 50)
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Sample Size for Composite Binary Endpoints

Testing problem:

Sample Size for composite endpoints:

2
0) (0 . Zqt2z 0 0 0 0
01,0200 =22 | (-1 60 00 150 -0

Sample size derivation based on marginal components
In practice
= we have prior information on the marginal effects (5;,6,) and event rates (P(lo), p(zo))

= the correlation p is usually unknown and difficult to anticipate.
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Sample Size based on components information

Sample size behavior given 0 = (p(lo),p(zo), 01,02):

The sample size for fixed 0 increases and is bounded with respect to p: >

n(6,BL(0)) < n(6,p) < n(6,By(9))

Sample size strategy:

m When the correlation value is unknown — n(p(lo),p(zo),él, 02,p)

. . .. (0) (0
m Accounting for deviations from the anticipated event rates — n(p, /, p[2 g 01,02,p).

5Bofill M, Gémez G (2018). Sample size derivation for composite binary endpoints. Submitted.
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Sample size strategy for fixed 0 = (p(lo),p(zo), 01,0;) and unknown p

STEP (I): Define correlation categories and compute their corresponding bounds

No prior information @

)

BL(0) By(0)
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Sample size strategy for fixed 0 = (p(lo),p(zo), 01,0;) and unknown p

STEP (I): Define correlation categories and compute their corresponding bounds

No prior information @

)

-

BL(O) BUT‘G’ M Bu(0)

pw = Weak pm = Moderate ps = Strong
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Sample size strategy for fixed 0 = (p(lo),p(zo), 01,0;) and unknown p

STEP (II): Calculate the maximum sample size value in each correlation category

)

<
= JE—
©) 2B1(0)
= — 11(0,—3—)
4]
N —
w
K] u(é?,w)
= 3
=
©
n

Correlation (p)

BL(0) 3”3@ 2By (0) By (0)
3
\ J | J
Y Y
Ve Pm = Moderate ps = Strong
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Using CompARE to compute the sample size when p is unknown

Endpoint 1:

Probability under control group:

Point value -
Anticipated value:
Sample size when the correlation value is not known
0.095 H
Weak Moderate Strong
BSOS 2,247 2,690 3,299
Risk Difference -
Wesk — sirong
s Moderate
Risk Difference: 57
0.022 E el
w
&
C o
Endpoint 2: 2 .
Probability under control group: E =
Point value - S
Anticipated value: g
T T T T T
o187 E 00 02 04 06 08

Correlation
Effect measure:

Risk Difference -

Risk Difference:

-0.027 H




Sample Size accounting for deviations from the anticipated event rates

Sample size strategy:

» when the correlation is unknown and the anticipated event rates may be

(0

misspecified — n(p; ),;)g"),él,éz,p).
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Sample Size accounting for deviations from the anticipated event rates

Sample size strategy:

» when the correlation is unknown and the anticipated event rates may be
(0) (0)
Py 501,62,p)

misspecified — n(p,
Intervals of plausible values for the event
rates: Endpoint 1:

Probability under control group:

= [p(lo)’P(IO)] for the event rate Pgo). Interval plausible values -
—_— Lower: Upper:
(0) (0) (0)
m = , for the event rate . 5 5
2 [pr? P2 0078 = 0.112 -
TACTICS-TIMI 18: Endpoint 2:
m Event rates: Probability under control group:
( )
/)(1 ) = 0.095 and /)[2‘ ) = 0.137. Interval plausible values -
Lower: Upper:
0117 - 0.157 =
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Sample Size accounting for deviations from the anticipated event rates

Sample size strategy:

. . .. 0) (0)
= Accounting for deviations from the anticipated event rates — ”(/)(1 ),[)[2 ,01,02,0)-

How can we calculate the required sample size based on I; and I for given (01,97)
and p?
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Sample Size accounting for deviations from the anticipated event rates

Sample size strategy:

. . .. 0) (0
= Accounting for deviations from the anticipated event rates — n(p(l ],/)[1 ), 01,02,p)-

How can we calculate the required sample size based on I; and I for given (01,97)
and p?

Sample size behavior according to the intervals I; and I for fixed (81,02) and p

Sample size bounds given I; and I5:

0) (0 0 (0 0
n(ﬁ,zﬁﬁbézp) < ﬂ(P(l ),p(z ),51452,(?) < (P(l ),pg ),51,52,9)
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Sample size strategy for fixed 6 = (I, 1, 01,0,) and unknown p

STEP (I): Define correlation categories and compute their corresponding bounds

No prior information ¢

By (0) 2B17(0)
3

BL(0) By(0)

pw = Weak pm = Moderate ps = Strong
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Sample size strategy for fixed 6 = (I, 1, 01,0,) and unknown p

late the

' E— ”(Pllu)yp(zolyblﬁzyp)

("o 01,00,p

Sample size n(8,p)

Correlation (p)i
BL(0) BUT'O’ 2By7(6) B[}(G)

( )\ )\ J
Y Y Y

pw = Weak pm = Moderate ps = Strong
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mple size strategy for fixed 6

I5,61,0,) and unknown p

Sample size n(6,p)

0
[ (p( p(z ) h],(‘rz,Bu(()j)

‘,,(,,g“',pg",, 5,

Correlation (p).

(0) By0) 23[3!«)) By(0)
\ \ i J
Y I Y
pw = Weak pm = Moderate ps = Strong

omez Melis (UL Sample Size De:

(0) (0 2By (0
u(p] P ,("1,(52.—{1#)

By (U))




Using CompARE to compute the sample size based on (I1,1,91,0,)

when p is unknown

Endpoint 1:

Sample Size ing for dep: of the antici values
Probability under control group: Weak Moderate  Strong

Interval plausible values h 2627 3.138 3.824

Lower: Upper:

0.078 E 0112 E — v o

Effect measure:

Risk Difference: v 002

Risk Difference:

0022 E 3002

Endpoint 2:

Probability under control group:

Serule Sive

Interval plausible values -

o0
Lower: Upper:

0.117 E 0157 E

Effect measure:

Risk Difference -
a0
Risk Difference:
T T T T
0027 00 oz X} 06 us

Correlabon )




Concluding remarks and future research

Final remarks

u The correlation value has a great impact on the needed sample size.

m We propose strategies to derive the sample size even if the correlation is not
specified and accounting for misspecifications of the anticipated event rates.

= CompARE can be used as a tool to calculate the sample size for composite
endpoints under different scenarios.
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Concluding remarks and future research

Final remarks

u The correlation value has a great impact on the needed sample size.

m We propose strategies to derive the sample size even if the correlation is not
specified and accounting for misspecifications of the anticipated event rates.

= CompARE can be used as a tool to calculate the sample size for composite
endpoints under different scenarios.

Future Research

= Sample size for small samples and for unbalanced designs.
= Different correlation in each treatment group.

= Improving the implementation in the web-platform CompARE.
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HANK YOU

GRACIES ESKERRIK ASKO GRAZAS GRACIA
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