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OUTLINE OF THE TALK

@ Composite Endpoints in Randomized Clinical Trials
@ Basic formulae for Sample Size and for Composite Endpoints

© When cannot be used? Difficulties to anticipate Odds Ratios and
Hazard Ratios for Composite Endpoints

@ Asymptotic Relative Efficiency (ARE) as alternative

(5] ARE: Interactive Web platform for ARE method and Sample
Sizes for CE

@ Concluding Remarks



PRIMARY ENDPOINTS IN RCT

Variable (outcome) measuring the clinical evidence. Key decision for the
study because

o efficacy of new treatment
@ power
@ sample size computation

are based on the primary endpoint

ICH E9 guideline: !

If a single primary variable cannot be selected from multiple measurements
associated with the primary objective, another useful strategy is to
integrate or combine the multiple measurements into a single or composite
variable, using a predefined algorithm ... This approach addresses the
multiplicity problem without requiring adjustment to type | error.

YCH: Intern. Conf. Harmon. of Tech. Requir. for Registration of Pharmaceuticals
for Human Use




COMPOSITE ENDPOINTS: GOOD ALTERNATIVE?

Ex: union of a given set of events &, ...., Ek. )

s N
RELEVANT ! ADDITIONAL
ENDPOINT '\, ENDPOINT .

@ Achieves a better description of the disease process
@ Achieves higher event rates
@ Avoids adjustment for multiple comparisons and competing risks

@ Inspect Positive CE to determine which components are driving the
result
e COULD IMPROVE STATISTICAL EFFICIENCY BY

» needing smaller sample sizes
» shorter follow-up times

e HOWEVER POWER IS NOT NECESSARILY REDUCED



MANY AREAS WHERE CE ARE USED

© CANCER CLINICAL TRIALS
T1 time to Disease progression (£1)
T, time to Overall survival (&)
T. time to PFS: Progression-free survival (&,)

© HIV STUDIES
Y1 presence/absence of Virological failure (&1)
Y, presence/absence of Initiation of new treatment (&2)
Y. presence/absence of Loss of virological response (&)



BINARY CE IN CARDIOVASCULAR
STUDIES

BiNARY COMPOSITE ENDPOINTS (BCE)
Y. = 1{&, occurs} = 1{& U &, occurs}

TAXUS-V? TRIAL of Placlitaxel-eluting vs Bare metal stents for coronary
artery disease patients.

@ &1 = Target-vessel revasc.
© &, = Death or Ml
@ Y. = Presence of Major adverse cardiac events (MACE)

2Stone GW, et al. JAMA. 2005



TIME-TO-EVENT CE IN
CARDIOVASCULAR STUDIES

SURVIVAL COMPOSITE ENDPOINTS (CE)

T. =min{Ty, To, -+, Tx} being T; time from randomization to &;

EXPEDITION TRIAL? of cariporide vs placebo. High risk patients
undergoing coronary-artery bypass grafting.

@ &1 — Death, T7 time to Death
Q
© T. time to earlier event between Death and MI

CONCERN: Positive result (P = 0.0002) for CE, driven by a reduction of
MI (P = 0.00005) but mortality was higher with cariporide

v

3

3Mentzer et al. Ann Thorac Surg 2008



GOAL: SAMPLE SIZE FOR COMPARING THE EFFECT
OF TWO INTERVENTIONS, X =1 vs X =0, IN
SUPERIORITY CLINICAL TRIALS WITH CE or BCE

ENDPOINT &;1: T or Y3

" {Hm : NO EFFECT on & f/Ol\/IPOSITE ENDPOINT &,: T, or
1= g
o TR en e o, [ Ho-:NO EFFECT on &,
* = Hi. : EFFECT on &,

ENDPOINT &y: T or Ys

Hy» : EFFECT on & of the effects on &,

{Hoz - NO EFFECT on & Concerns with the interpretation
Uy —




GENERAL SAMPLE SIZE FOR SUPERIORITY TRIALS
Ho:7=0=NO EFFECT on &

Uy, test for -7 on e
H; : 7 <0=EFFECT on &

Reject Hy if Ui, < C, for some constant C, (left one-sided alternatives)

and assume asymptotic normality (for each n, 7, is the truth)

\/E( Uln - M(Tn))

v(7h)

—£ N(0,1)

Sample Size (n) required to achieve desired power for level a:
1—6:7Tn(7')%1—¢(za+w>

(Za+zﬁ)2

p tEtal
(“55)




SAMPLE SIZE FORMULA FOR BINARY OUTCOMES Yl
ENDPOINT &= Y: = 1{&; occurs}

pgk) Prob{Y1 = 1|X = k}, k =0, 1: probability observing &; in group k
1)
OR; = p}o)/# odds ratio group 1 vs group 0
P /1-p{

Assume equal allocation (n; = ng = n/2)

Ho1 : log(OR;1) =0
Hi = { 01 * log( ) and Uy, is Score Test

Hi1 : log(OR1) = log(o1) < 0

Z, JrZ/; 2 1 1
m =2 ('Og(ol)) . (p( Vgt + P4 ))

NEED TO ANTICIPATE VALUES: (p\%, p") or (p\?, ;)




SAMPLE SIZE FOR TIME-TO-EVENT OUTCOMES T;

ENDPOINT &= T; time from randomization to &;

)\gk)(t): Hazard function for T1|X = k (k =0,1)
)
HR () = 52

1
0
Assume equal allocation (ny = ng = n/2)

IR Assume constant HR;(t) = HRy

Assume equal censoring in both groups

. {Hm - log(HR;) = 0
Hi1 : log(HR1(t)) = log(h1) <0

and U, is Log Rank Test

Zo+28 2 4

261

p§0)+p£1)

NEED TO ANTICIPATE VALUES: (p\” HR;)
*Schoenfeld (Biometrika, 1981)




BOTH FORMULAS HAVE IN COMMON f(x) = log% 7

SO ory) — o (2t ) (oL 1
o log(OR1) EONORENONO

2
(0) H — Zoy + 25
£lpr i) 4<waHRﬂ)

HR vs Events

HR Events 0
005 3 000

01 s o HR vs Events
¥ 7 000 2500

02 10 00 -
025 13 00

03 17 1500
035 2 000 o

04 2

,45 39 1000 b

05 51 .
055 69

6 95
065 133

07 194

075 299

08 497

085 936

03 228

095 2400

Small changes in OR; and HR; (near 1) = large impact in Sample Size



ANTICIPATED NEEDED VALUES FOR
SAMPLE SIZE FOR A CE or BCE

OUTCOMES: &4, and &,
BINARY ENDPOINTS: Y, and Y,
SURVIVAL ENDPOINTS: T3, and T.

e Binary and Time-to-event Endpoints

Q (p§0), ): Event probabilities in control group

9 (@, pM): Association between &; and & for each group
e Binary Endpoints

© (OR4, ): Odds Ratios

@ Time-to-event Endpoints
@ (HR4, ): Hazard Ratios
@ Marginal laws for T; and
@ Joint model for (Ty, T7>) by means of a Copula binding the marginal
laws for T; and



CAN WE USE PREVIOUS FORMULAS TO
GET THE SAMPLE SIZE FOR THE CE?

YES, WE CAN, IF WE ANTICIPATE
e Binary Endpoints: (pgo),péo),ORl,(')Rg,p(o),p(l))

o Time-to-event Endpoints: (pgo),pgo),HRl,HRg,p(O),p(l))-F Joint
model for (71, 75)+HR. approximately constant

DIFFICULTIES

@ CORRELATION: Measure of the association between the two events
for each group is needed. Not easy to guess!!

@ JOINT LAW FOR (T1, 7). In survival models we need as well the
joint probabilistic behaviour between T; and 7,. Extra distributional
assumptions!!

© HAZARD RATIO: Formulas rely on constant hazard ratios



COMPOSITE BINARY ENDPOINT: TREATMENT
EFFECT IN TERMS OF ODDS RATIO

Endpoint Probability Probability Odds Odds Ratio
control group  treat. group
; 0 W oD =0 o,
. 5 I S e s
€ p p 0 =p"/¢®  OR.

(14 OR;0{”)(1 + OR,0) — 1 — p(M)4/OR; 0R,0{? O

14 p©4/0P0®

¢

(1+0)(1+0) — 1 - p@,/0P0f

1+ pM1/OR;0R,0{” 0

Opps RaTio’s FuncTioN OR(p\”, pi? ORy, ORy, p@, pM)




CORRELATION BOUNDS?

Correlations p(9, p(1) are difficult to guess. Previous studies or pilot
studies are a good solution.

Given marginal probabilities (p:(LO)7 ,pgl), ) or equivalently given

0= (p§°), ,ORyq, ) the correlation is bounded and provides a first
constrained set of plausible values

~1 < BM©G) < p® = Corr(Y{F, v{y < BIW(9) < 1

s — P p (1= = A
L (0) = maxq— 0 N (K)y( oK)
(1=p )1 =py") (p1")(P3")

590) — mind | A0 —p) A
v (1—pM) () \ PP - p)

®Sozu et al. (Stat Med, 2010)




CORRELATION BOUNDS WHEN p(0) = p(1) 6

Assuming p = p{® = p(1) simplifies matters but is not always realistic.

Given 0 = (p§0)7 ,ORy, define

B.(0) = max{B{V(0), B"(0)} and By(6) = min{B{(6), B{(6)},
Bu(9) < p < Bu(6)

TAXUS-V: Placlitaxel-eluting vs Bare metal stents

@ Y7 = Occurrence of Target-vessel revasc.

g Y. = Presence of Major adverse cardiac events (MACE)
0 =(p\%,p\" ORy, = (0.173, ,0.67,0.81)
B.(0) = max{B?(6),BM(6)} = max{—0.11,-0.08} = —0.08
Bu(®) = min{BY(8), B’ (6)} = min{0.53,0.58} = 0.53
|—0.08 < p <053 |

50ngoing work with Marta Bofill



TAXUS-V: OR(p\”, p\”, ORy, OR», p) =
OR(0.173,0.055,0.67, OR,, p) VARYING OR, AND p

’ ming, (9)<,<8,(6)1 ORx(p; 0)} < ORw(0) < maxp, (9)<p<sy(0){ ORx(p; 0)} \

Ho* .
H]_* :

8

= — 104 — 072
© — 09 062
— o081

Odds Ratio for CBE
0.75
|

log(OR,) =0

log(OR.) < 0
ORz | min,{ORx} (p) | max,{OR«} (p)
1.04 | 0.722 (0.527) | 0.740 (—0.091)
0.90 | 0.698 (0.527) | 0.706 (—0.085)
0.81 0.682 (0.527) 0.684 (0.116)
072 | 0.662 (—0.076) | 0.667 (0.527)
0.62 | 0.637 (—0.071) | 0.652 (0.513)

Correlation



COMPOSITE BINARY ENDPOINT: TREATMENT
EFFECT IN TERMS OF DIFFERENCE OF EVENT RATES

Endpoint Probability Probability Odds Odds Ratio
control group  treat. group
&1 pl” P of =p{?/el”  OR,
2 Py Py 0f = pi/ay”  ORq
Ex pl ptH 0 = p© / g OR.
= 1 gl — )y /p{pf g
Ap, = pM—p®

EVENT RATES DIFFERENCE Ap*(P§O),Péo)»Pgl)»Pél)»P(o)ap(l))

"Bahadur (1961)



TAXUS-V: Ap,(p2, p\, p oV p) =

Ap.(0.173,0.055,0.122, 51", p) varyine pi") AND p

For p{) — p{® = —0.052 and
Hov :  Apy = pﬁl) - pﬁo) =0

His AP* = S«l) - P£O) <0

0.08
I

—— 0.057 — 0.04
— 0.05 0.035
p(l) p§°) = —0.052

e 2] ming{Ap.} (p) | max,{Ap.} (p)
0.002 —0.048 (—0.09) | —0.042 (0.53)
£z —0.005 —0.055 (—0.08) | —0.045 (0.53)
K ~0.010 | —0.059 (—0.08) | —0.048 (0.53)
5 —0.015 —0.064 (—0.08) | —0.051 (0.53)
8 S LIl —0.020 —0.069 (—0.07) | —0.053 (0.51)

Correlation



SAMPLE SI1ZE FOR COMPOSITE BINARY ENDPOINT
SaMpLE Size’s FUNCTION S(p\?, pi” ORy, OR,, p©@, pM)

Ho« :  log(OR,) =0
Hi.:  log(OR.) <0

2
0 Zy t+ Z 1 1
S, oY ORy, Oy, p@ pMy = 2. <—Iog(ORﬁ)> '<p(1)q(1) + p<o)q<o))

For p(® = p(1), S(pgo), pgo)’ ORy, OR2, p) increases with p and is bounded

n-(BL(6):0) < n.(0) < n.(Bu(0):0)




TAXUS-V:

S

Sample Size for CBE

,p) = S(0.173,

(0)
(pl ) 3 ORla

w04

1500 —

1250

1000

750

500

,0.67,

,p)

ORz | minp{n.} (p) | maxp{n.} (p)
1.04 | 1713 (—0.0011) | 1838 (0.527)
0.90 | 1316 (—0.0850) | 1533 (0.527)
0.81 | 1110 (—0.0804) | 1365 (0.527)
0.72 | 948 (—0.0757) | 1229 (0.527)
0.62 | 818 (—0.071) | 1109 (0.513)

-0.1

0.0

0.1

0.2

Correlation

0.3 0.4 0.5

Conservative approach: Use the upper bound, that is, n.(By(0);6).



TAXUS-V: GUESSING STRENGTH OF CORRELATION:

S(p”, p\V ORy, OR», p) = S(0.173, ,0.67,0.81, p)
Classify correlation strengths:
° pw = Weak

@ py = Moderate

@ ps = Strong
Find bounds for sample size: n%(B.(0);6) < n.(p";0) < n?(By(6);6)
Take the upper bound: nV(By(0);0)

2000 —

— Weak  — Strong
ate

1750 o Weak: —0.081 < p <0.1:
n¥ = 1179
élm, o Moderate: 0.1 < p <0.3:
nM = 1262
) 250 e Strong: 0.3 < p < 0.527:

ny = 1365




ONGOING

@ Approximation of Odds Ratio, ORy, or Log Odds ratio for CE in
terms of marginal parameters. When is (OR; + OR>)/2 a valid
summary for OR,?

© How to deal with OR, when p(©) # p(1)? How different is the SS if
p0 =2p(1)?

@ SS under fixed alternatives versus SS under a sequence of contiguous
alternatives closer to the null. Theoretical and practical considerations

@ Complete web interface ARE for BCE
https://martabofillroig.shinyapps.io/shiny/


https://martabofillroig.shinyapps.io/shiny/

SURVIVAL CE: DEFINING T, FROM T; AND T

T and via

» Marginal densities
» p; and p>: Probabilities of observing T; and T, in group 0
» HR; and constant relative treatment effects on £; and on

Law of T,.: We need the law of ( Ty, T2).

» Copula linking the marginal densities
> p: strength of association between T; and (we use Spearman'’s rank
correlation and assume equal for both groups)

Consider whether T7 or include death. Death precludes the
observation of the other and is a competing cause. It yields 4
different censoring situations that have to be worked separately
because involve different marginal or cause-specific hazards

 HR.(t) time-dependent even if HRy(t) = h and HR(t) = hy |




REMARK: ALL THE FORMULAS USE HR CONSTANT,
HOWEVER ...

HR; and HR; constant # HR,(t) constant.

HR.(t) Range
7 of HR.(t)

HR,

HR.() HR.(t)

Range
of HR.(t)

HR, HR,

Time

0 End of study 0 End of study 0 End of study

00 01 04 05 06 07 08 09 10
L L L L L )
00 01 04 05 06 07 08 09 10
00 01 04 05 06 07 08 09 10

FicurRE: HR,(t) for p\* = 0.05, p\”) = 0.1, HR; = 0.5, HR, = 0.9.

Left plot: p = 0.1, exponential for T1, T>;

Middle plot: p = 0.5, exponential for T;, Weibull increasing hazard rate for 7>;
Right plot: p = 0.5, Weibull increasing hazard rate for T;, exponential for T,.



SAMPLE SIZE FOR CE T,
)\>(kk)(t): Hazard function for T,|X = k (k=10,1)
(1)
COMPOSITE ENDPOINT &,: T,: HR.(t) = ;*0)8
L HR.(t) =1
Hi. : HR,(t) = h, < 1

and Log Rank Test

If HR.(t) = h, is reasonably constant:

2
_ Zo + 28 _ 2e,
e, = 4 (Iog(h*)) and n, = RORERO]

P’ + pi
What to do if HR,(t) is far from being constant?
@ Use alternative measures. Meaningful option

@ Take advantage of Asymptotic Relative Efficiency (ARE) between using &;
versus using £ =& U &



ARE (AsymMpTOTIC RELATIVE EFFICIENCY)
BETWEEN USING &; VERSUS USING &* = & U &,

Statistics

Research Article

Acceted 03 Juy 2012 Published anfine in Wiley O Libery

m) DO 10.1002sim 5547

Statistical considerations when using a
ity dpoint for comparing

treatrment groups

Guadalupe Gémez**' and Stephen W. Lagakos"

RELEVANT | ADDITIONAL |
ENDPOINT ' ENDPOINT

COMPOSITE ENDPOINT

8Gémez G. and Lagakos S.W. (Stat Med, 2013)



ARE: LOGRANK FOR &£; VERSUS LOGRANK FOR
EX=&EU&E

e Ui, ~ N(0,1) under Hp
o Uyp ~ N(0,1) under Hy
@ Ui ~ N(u1,1) under a sequence of alternatives closer to Hy
® Uqp ~ N(p4,1) under a sequence of alternatives closer to Hj
2
ARE = (“)
M1
( CIPCIRYAY
fo lo g{ © 2 }f* (t)dt> ()
ARE (U,, Uy) = & _ (ALHR.)%

(log HR1)2p{" p (log HRy )2 &0)

ALHR,: average log hazard ratio. Could be used as alternative measure




How cAN WE USE ARE TO GET n, FOR &,710

PITMAN’S INTERPRETATION OF ARE

~ ~ _Mm
ARE ~ ™ = n, ~ b

ny and n, required sample sizes for Ui, and U,, to have power 1 — ( at
level o (0 <a<1—-p<1).

Given (S1, B2, p1, P2, p) and taking into acount if Ty or T, include death,
compute A = ARE(f1, B2, p1, p2, h1, ha, p).

For given o and power 1 — 3
2
(A) If ARE <1, use T; with sample size n; = 4(sz,;)(0)
(In(h1))?py
(B) If ARE > 1, use T, with sample size
— 4(Za+zl3)2 : ~
I n.= PO if HR.(t) = h. for all t,

_ _Mzatzs)®
II n, = An())2® if HR.(t) < h, for all t, not constant

°Gémez G. and Gémez-Mateu M. (Sort, 2014)



WEB FOR SAMPLE SI1ZES FOR TIME-TO-EVENT CE
http://cinna.upc.edu:3838/compare/compare_check_2/

Home ARE value ARE by correlation (plot) ARE by correlation (table) Sample Size Study of HR*(t) Help

Welcome to Compare platform.

This website will help you to:

* Analyze whether you should use a Composite endpoint as Primary endpoint
* Sample size for time-to-event data

* Compare different scenarios depending on your candidate endpoints.

* Get helpful numerical and intuitive graphical results.

/ .
! ADDITIONAL |
' ENDPOINT !
\. /

RELEVANT
ENDPOINT

COMPOSITE ENDPOINT


http://cinna.upc.edu:3838/compare/compare_check_2/

ANTICIPATED VALUES

CompARE

Endpoint 1. Probability:

Hazard ratio:

Exponential

F) Terminating? (click if yes)

Endpoint 2. Probability:

Hazard ratio:
'
Marginal distribution: Correlation:
Exponential - -
—
Exponential B
Weibull ith increasing hazards Copula:
Weibull ith decreasing hazards -
o0 @| o Frank
/ Gumdel
Clayton
Copula: Fon
Frank - Normal
T

Galambos



ARE AS A FUNCTION OF CORRELATION

CompARE

Home  AREvale  ARE by corelation (plot) ~ ARE by correlation (table) ~ Sample Size  Study of HR™(t)  Help
Endpoint 1. Probability:

- )
Hazard ratio: - -
oot 1 o
B e
Yoo o . -
Marginal distribution: g2
Exponential -
2
] Terminating? (click if yes) -
Endpoint 2. Probability: — T T T T T T T T T T T T T T
. 000 005 010 015 020 025 030 035 040 045 050 055 060 065 070 075 080 0
Corretaton
Hazard ratio:
001 1
Marginal distribution: Copula:
Exponential - Frank -
Frank ~
] Terminating? (click if yes)
Gumbel
Clayton
Correlation: FaM
001 @ @ Normal
—— .

Galambos



SAMPLE SIZE AS A FUNCTION OF CORRELATION

AREvalue  ARE by corelation (plot)  ARE by corelation (table) =~ Sample Size  Study of HR'()  Help
Total sample size using Endpoint 1:
Total sample size using Endpoint 2:
10086

Total sample size using Composite Endpoint:

sa34

Sample size dep ing on different cor

§

H
H
:g
i

H

© 2 % o o o o o © ®

a=0051-8=08, p\¥ =005 HR; = 0.7 = ny = 4560 patients
3699, if p = 0.1

prgo):O.OS,HR2=0.8:>n*={4149 o5
, 1T p="U.



NoN PROPORTIONAL HAzZARDS (NPH) ARE BEING
DETECTED MORE FREQUENTLY: WHY IS SO?

@ Phase Il trials are much larger = more power to detect NPH

o Rare events and small effects with new, better therapies =
Composite endpoints used more often = NPH

If PH holds, HR would partially capture the relative difference between two
survival curves and can be used as a measure to quantify the
between-group difference

Consequences of NPH:

e If PH is violated, HR(t) changes over time, the parameter being
estimated is not a meaningful measure of the between-group
difference, is not the average of the true hazard ratio over time.

e HR(t) lacks the context to allow to translate the HR into a more
understandable clinical benefit.



DEPARTURE FROM CONSTANCY OF HR,(t)!!

R = npur, /naHr, measures impact on sample size for deviance from being

constant.
o _ o _
- -
HR,
o | B o
o o
R=189
o | o |
o o
~ ~
o o
o | o |
o o
v v
o o
2 HR, S A HR,
=] J Time 2 j Time
 E—
0 End of study 0 End of study
Treatment effect
Laws of each component HR; = HR; |HR;-HR;|=0.1  |HR;-HR,[=0.2  |HR;-HR,|=0.3
Both decreasing hazards 0%
Both exponential 4% 0%
Both increasing hazards 3% 11% 2%

Different behaviour on hazards

2% 43% 62% 67%

10Ongoing work with Moises Gémez-Mateu and KyungMann Kim



WRAPPING UP
Composite Endpoints (CE) are very often used as PE in phase 3 RCT

Phase 3 RCT are usually powered to achieve clinically relevant
outcomes and Determination of sample size (SS) is fundamental. It is
not an easy task when the PE is a CE

HR.(t) is often not constant

Correlations difficult to guess

OR, difficult to get

ARE as a tool to compute required SS for CE
ONGOING RESEARCH

Formulae when p(©) £ p(1)

Average log hazard ratio as alternative summary measures when PH
fails

Finish web interface ARE for time-to-event CE
Unify web interfaces ARE for Binary and Time-to-event CE
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LATEST UPDATES

03/17/2017 The Call for Invited Sessions is now closed.

Thank you for your submitting your entries!

02/22/2017 City of Barcelona Travel Tips
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