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Motivation

e The FDA call for clinical trial methods that achieved reliable
results more quickly necessitates both:
¢ Simultaneous study of two or more treatments within one trial.
e Accurate estimation of the main treatment effects.

e Designs commonly used in the literature.

¢ Factorial designs, which include sole treatments and their
combinations.

e Multi-Arm designs (MA).

e Multi-Arm Multi-Stage designs (MAMS).




Common design basis "z | fancastereR

e Comparing two arms, A and B, and their combination, AB,
against control

« Normally distributed response, Y; ~ N (p;, o) with
J= A, B, AB, 0 and y; the mean effect of the response to
treatment or control

e Global null hypothesis testing with overall type-I error control:
Ho = {Hoa : ppa < o, Hos : 1B < o, Hoas : 1taB < pio}

¢ Allocation ratios r, q for the single treatment and combination
groups respectively, relative to the control group, i.e
na = ng = rny and nag = gny, with comparisons based on
balanced designs when r = q.
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¢ A four-arm design using Dunnett’s test [2] uses the full model
for treatment effect estimation.

Yi = Bo+B1lai+B2lpi+P3lalgi+e; with i = 1,2, ..., ng+na+ng+nsg
(1)
Mean treatment response

Treatments B
Presence | Absence
A Presence | Bo+ 1+ P2+ B3| Bo+ B
Absence Bo + B2 Bo

e The statistics for the hypothesis testing are based on
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design features

Extends Dunnett test to allow for interim analyses [3]
Use of the O’Brien-Fleming boundary shape

Allows for early stopping based on benefit or lack thereof
Selects treatments that look promising

Test statistic
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Treatment effect and allocation impact

e Factorial designs assume no interaction in treatment effect
estimation, i.e. 83 = 0. In a 2 x 2 design:

Yi = Bo + Bilai + Bolgi + ¢;
e The test statistics used are

f(f+CI)(VA— Yo) +gr(1+r)(Yas — Vb)

Zy = /n
nom o/(T+1)(r+q)(r? + 2rq + r?q)
Zs - \/n—of(“rCI)(YB— Yo) +ar(1 + r)(Yas — Ya)
o /(1+0)(r+q)(r? +2rq + r2q)
_ Yas — Yo
2 = Vo g

q
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Allocation impact on critical values (o« = 0.05)

e Balanced design the critical value is found to be k = 2.028

e When r = g optimal which corresponds to critical value 2.017
isforr=q=1.7

e For r € [0.5,2.5] the optimum critical value of 1.954 occurs for

r\qg | 0.1 05 1
0.1 | 2.09 210 2.11
0.5 | 2.07 2.05 2.07
1 2.06 2.02 2.03
2.04 1.97 1.98

Critical value

—

1.85 190 195 200 205 210
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Allocation impact on sample size

¢ Alternative hypothesis scenarios consistent with factorial
design assumptions with A = 0.5 and §; = 0.1
1. Hi:pa—po = A, g — po = o, prag — Ho = A + do, p1o = 0
2. Hq:pa— po = ps — po = do, A — Ho = 200

e H; on the left: Balanced design sample size 160 with
minimum 129 when r = 0.01 and ¢ = 0.9

e H; on the right: Balanced design sample size 2008 with
minimum 1150 when r = 0.01 and g = 1
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Allocation impact on sample size

¢ Alternative hypothesis scenarios inconsistent with factorial
design assumptions with A = 0.5 and §; = 0.1
1. Hy:pa—po=2A & pg — pio = p1ag — po = do
2. Hi:pag— pio = A, pa— pio = p1g — o = do

e H; on the left: Balanced design sample size 704 with
minimum 326 when r = 0.81 and g = 0.1

e Hy on the right : Balanced design sample size 324 with
minimum 199 whenr=0.1 and g = 1
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Effect of interaction on factorial designs

e Explore additivity of treatment effects in balanced designs
e [33, ranges from —1 to 1 (antagonism to synergy)
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For H; : {H~|A s ua > 0,0r Hip : ug > 0,or Hias : HAB > 0}, and
for the remaining three plots Hy; : u; > 0 for each j = A, B, AB
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Direct power comparison between all designs

e Based on study evaluating use of physiotherapy on
osteoarthritis [1]

¢ Either manual physiotherapy, exercise physiotherapy, both or
standard of care

e n =45 per group

¢ Difference in points of WOMAC score

e Interesting effect A = 28, uninteresting 69 = 7 and o = 50.
¢ Performance of Factorial, MA and MAMS designs
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Probability of rejecting the null hypothesis
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B — o = HAB — Mo = 09

ii: pa — po = pg — po = 0o,

HAB — Ho = A

A — to = A, pg — pio = 0o,
HAB — o = A + dg
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Interaction effect VAT | TRt &

Probability of rejecting the null hypothesis, while the interaction
ranges from —2 to 2 (xA) when:

1. pa—po=pg—po=0

2. pA— po = pB—po="7

3. pa—po=0& pup— po =28.

Red for factorial design, black for MA design and green for
MAMS design
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Total sample size

Comparison amongst sample sizes of a balanced factorial
design, a multi-arm design and the expected sample size of a
multi-arm two-stage design with 0 futility boundary using case
study parameters and « = 0.05, 1 — 5 = 0.9.
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¢ No difference in the expected sample size of a MAMS trial
and a factorial one when there is no interaction between the
treatments.

e Observed a notable inflation of the type I error in the
simulation study when the sole treatments interact in a
synergistic manner (33 > 0).

¢ Also found losses of power when the treatments have in
combination an antagonistic effect.

¢ Factorial designs should only be considered instead of a
multi-arm design when there is evidence that the assumption
of additivity is met.

o MAMS designs are a robust alternative to the presence of
interactions and are expected to require a much smaller
sample size at the expense of a small deficiency in power.
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Abstract

When several treatments are avalable for evaluation in a clinical tial, different design
options are available. We compare multi-arm multi-stage with factorial designs, and in R 2 °
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