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1 Tables of notation introduced in the paper

In Table S1 the notation defined in Section 2.1 is given; in Table S2 the notation defined in Section 2.2
is given; in Table S3 the notation defined in Section 2.3 is given and in Table S4 the notation defined in
Section 2.4 is given.

2 Proof of FWER

As in Magirr et al. (2012) we define for any vector of constants Θ = (θ1, . . . , θK) and k = 1, . . . ,K,
jk = 1, . . . , Jk, then define the events,

Ak,j(θk) =[Zk,j < lk,j + (µk − µ0 − θk)I
1/2
k,j ],

Bk,j(θk) =[lk,j + (µk − µ0 − θk)I
1/2
k,j < Zk,j < uk,j + (µk − µ0 − θk)I

1/2
k,j ].

The event that H01, ...,H0K all fail to be rejected is equal to

1− P (R̄K(Θ)) = 1− P (
⋂

k∈{m1,...,mK}

(
Jk⋃

jk=1

[( jk−1⋂
j=1

Bk,j(Θ)

)
∩Ak,jk(Θ)

])
)

where if µk − µ0 = θk for k = 1, . . . ,K, the event that H01, . . . ,H0K all fail to be rejected is equal to
R̄K(Θ). The convention that

⋂0
i=1 = Ω where Ω is the whole sample space is used and m1 ∈ {1, . . . ,K}

and mk ∈ {1, . . . ,K}\{m1, . . . ,mk−1}. Therefore {m1, . . . ,mK} = {1, . . . ,K}. This notation reflects
the fact that the order in which treatments are added affects the FWER as seen in Greenstreet et al. (2024).

Theorem 2.1 For any Θ, under the conditions above, P (reject at least one true H0k|Θ) ≤
P (reject at least one true H0k|HG).
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2 Greenstreet et al.: A preplanned multi-stage platform trial

Table S1 Notation defined in Section 2.1

Notation Definition
K Number of experimental arms.
K⋆ Number of experimental arms beginning the trial.
Jk Maximum number of stages for treatment k.
σ2 Variance of primary outcome measure.
n(k) Number of patients recruited to the control treatment before treatment k starts.
n(K) n(K) = (n(1), . . . , n(K)).
nk,j Number of patients recruited to treatment k by the end of its jth stage.
nk nk = nk,1.

n0,k,j Number of patients recruited to the control at the end of treatment k’s jth stage.
N Total sample size of a trial.
r(k) r(k) = n(k)/n1,1.
rk,j rk,j = nk,j/n1,1.
r0,k,j r0,k,j = n0,k,j/n1,1.
µk Mean responses on treatment k.
H0k Null hypotheses of interest, H0k : µk ≤ µ0.
HG Global null hypothesis, µ0 = µ1 = µ2 = . . . = µK .
Xk,i Response from patient i on treatment k.
Zk,j Test statistic for treatment k’s jth stage.
uk,j Upper boundary for treatment k’s jth stage test statistic.
lk,j Lower boundary for treatment k’s jth stage test statistic.
Uk Uk = (uk,1, . . . , uk,Jk

).
Lk Lk = (lk,1, . . . , lk,Jk

).

Table S2 Notation defined in Section 2.2

Notation Definition
α Desired level of control for the FWER.
jk The stage treatment k stops.

Uk,jk(0) Uk,jk(0) = (uk,1, . . . , lk,jk).
Lk,jk(0) Lk,jk(0) = (lk,1, . . . ,−∞).

jk jk = (j1, . . . , jK).
Φ(L,U,Σ) Multivariate standard normal distribution function with mean zero and covariance

matrix Σ between the lower boundaries L and upper boundaries U .
Ujk(0) Ujk(0) = (U1,j1(0), . . . , UK,jK (0)).
Ljk(0) Ljk(0) = (L1,j1(0), . . . , LK,jK (0)).
Σjk Correlation matrix used for calculating FWER.

ρ(k,j),(k⋆,j⋆) Each elements in Σjk for given treatments k, k⋆ and stages j, j⋆.
a Single scalar parameter a used in the boundary functions.

g(a) Function for the shape of the upper boundaries.
f(a) Function for the shape of the lower boundaries.

P r o o f. If µk − µ0 = θk for k = 1, . . . ,K, the event that H01, . . . ,H0K all fail to be rejected is
equivalent to

R̄K(Θ) =
⋂

k∈{m1,...,mK}

(
Jk⋃

jk=1

[( jk−1⋂
i=1

Bk,j(θk)

)
∩Ak,jk(θk)

])
.

© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.biometrical-journal.com



Biometrical Journal 52 (2010) 61 3

Table S3 Notation defined in Section 2.3

Notation Definition
1− β Chosen value for power to be greater than or equal to.
PD Disjunctive power.

Ppw,k Pairwise power for treatment k.
θk θk = µk − µ0.
Ik,j Ik,j = σ2(n−1

k,j + (n0,k,j − n(k))−1).
θ′ Clinically relevant effect.

L+
k,j(θk) L+

k,j(θk) = (lk,1 − θk√
Ik,1

, . . . , lk,j−1 − θk√
Ik,j−1

, uk,j − θk√
Ik,j

).

U+
k,j(θk) U+

k,j(θk) = (uk,1 − θk√
Ik,1

, . . . , uk,j−1 − θk√
Ik,j−1

,∞).

Σ̈k,jk Correlation matrix used for calculating Ppw,k.
n If nk = nk⋆ for all k, k⋆ ∈ 1, . . . ,K then n = nk.

Bk,j(θk) Bk,j(θk) = [lk,j + (µk − µ0 − θk)I
1/2
k,j < Zk,j < uk,j + (µk − µ0 − θk)I

1/2
k,j ].

Ck,j(θk) Ck,j(θk) = [Zk,j > uk,j + (µk − µ0 − θk)I
1/2
k,j ].

Θ Θ = (θ1, θ2, . . . , θK).
W̄K(Θ) If µk − µ0 = θk for k = 1, . . . ,K, W̄K(Θ) is the event that H01, . . . ,H0K are all rejected.
mk mk ∈ {1, . . . ,K}\{m1, . . . ,mk−1}.
Ω Whole sample space.
Θ′ Θ′ = (θ′, . . . , θ′).
PC Conjunctive power.

U+
jk
(Θ′) U+

jk
(Θ′) = (U+

1,j1
(θ′), . . . , U+

K,jK
(θ′)).

L+
jk
(Θ′) L+

jk
(Θ′) = (L+

1,j1
(θ′), . . . , L+

K,jK
(θ′)).

Table S4 Notation defined in Section 2.4

Notation Definition
qk qk = 0 indicates that treatment k falls below the lower stopping boundary at point jk,

and qk = 1 indicates that treatment k exceeds the upper stopping boundary at point jk.
qk qk = (q1, . . . , qK)

Qjk,qk
Probability for each outcome of the trial.

L̃k,j,qk(θk) L̃k,j,qk(θk) = (lk,1 − θk√
Ik,1

, . . . , lk,j−1 − θk√
Ik,j−1

, [1(qk = 0)(−∞) + uk,j ]− θk√
Ik,j

).

Ũk,j,qk(θk) Ũk,j,qk(θk) = (uk,1 − θk√
Ik,1

, . . . , uk,j−1 − θk√
Ik,j−1

, [1(qk = 1)(∞) + lk,j ]− θk√
Ik,j

) .

L̃jk,qk
(Θ) L̃jk,qk

(Θ) = (L̃1,j1,q1(θ1), . . . , L̃K,jK ,qK (θK)).
Ũ(Θ)jk,qk

Ũ(Θ)jk,qk
= (Ũ1,j1,q1(θ1), . . . , ŨK,jK ,qK (θK)).

Njk,qk
Trial sample size for a given Qjk,qk

.
E(N |Θ) Expected sample size of the trial for a given Θ.

Then for any ϵk > 0,

Jk⋃
jk=1

[( jk−1⋂
j=1

Bk,j(θk + ϵk)

)
∩Ak,jk(θk + ϵk)

]
⊆

Jk⋃
jk=1

[( jk−1⋂
j=1

Bk,j(θk)

)
∩Ak,jk(θk)

]
.

Take any

w = (Zk,1, . . . , Zk,Jk
) ∈

Jk⋃
jk=1

[( jk−1⋂
j=1

Bk,j(θk + ϵk)

)
∩Ak,jk(θk + ϵk)

]
.
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For some jk ∈ {1, . . . , Jk}, for which Zk,jk ∈ Ak,jk(θk + ϵk) and Zk,j ∈ Bk,j(θk + ϵk) for j =
1, . . . , jk−1. Zk,jk ∈ Ak,jk(θk+ϵk) implies that Zk,jk ∈ Ak,jk(θk). Furthermore Zk,jk ∈ Bk,jk(θk+ϵk)
implies that Zk,jk ∈ Bk,jk(θk) ∪Ak,q(θk) for some j = 1, . . . , jk − 1. Therefore,

w ∈
Jk⋃

jk=1

[( jk−1⋂
j=1

Bk,j(θk)

)
∩Ak,jk(θk)

]
.

Next suppose for any m1, . . . ,mK where m1 ∈ {1, . . . ,K} and mk ∈ {1, . . . ,K}\{m1, . . . ,mk−1}
with θm1

, . . . , θml
≤ 0 and θml+1

, . . . , θmK
> 0. Let Θl = (θm1

, . . . , θml
). Then

P (reject at least one true H0k|Θ)

= 1− P (R̄l(Θl))

≤ 1− P (R̄l(0))

≤ 1− P (R̄K(0))

= P (reject at least one true H0k|HG).

The following proof was nearly identical to the one presented in Greenstreet et al. (2024) and builds on
the work of Magirr et al. (2012). The only change from Greenstreet et al. (2024) is now is P (reject at least
one true H0k|Θ) = 1−P (R̄l(Θl)) instead of being P (reject at least one true H0k|Θ) ≤ 1−P (R̄l(Θl)).

3 The correlation matrix Σjk

As introduced in Section 2.2, Σjk is the correlation matrix used when calculating the FWER, disjunctive
power and conjunctive power. The correlation structure is

Σjk =



ρ(1,1),(1,1) ρ(1,1),(1,2) . . . ρ(1,1),(1,j1) ρ(1,1),(2,1) . . . ρ(1,1),(K,jk)

ρ(1,2),(1,1) ρ(1,2),(1,2) . . . ρ(1,2),(1,j1) ρ(1,2),(2,1) . . . ρ(1,2),(K,jk)

...
...

. . .
...

...
. . .

...
ρ(1,j1),(1,1) ρ(1,j1),(1,2) . . . ρ(1,j1),(1,j1) ρ(1,j1),(2,1) . . . ρ(1,j1),(K,jk)

ρ(2,1),(1,1) ρ(2,1),(1,2) . . . ρ(2,1),(1,j1) ρ(2,1),(2,1) . . . ρ(2,1),(K,jk)

...
...

. . .
...

...
. . .

...
ρ(K,jk),(1,1) ρ(K,jk),(1,2) . . . ρ(K,jk),(1,j1) ρ(K,jk),(2,1) . . . ρ(K,jk),(K,jk)


.

where ρ(k,j),(k⋆,j⋆) equals one of the following: If k = k⋆ and j = j⋆ then ρ(k,i),(k⋆,j⋆) = 1; If k = k⋆

and j < j⋆ then

ρ(k,j),(k⋆,j⋆) =

√
r−1
k,j⋆ + (r0,k,j⋆ − r(k))−1√
r−1
k,j + (r0,k,j − r(k))−1

;

and if k ̸= k⋆ where r(k) < r(k⋆) then

ρ(k,j),(k⋆,j⋆) = max

[
0,

(√
r−1
k,j + (r0,k,j − r(k))−1

√
r−1
k⋆,j⋆ + (r0,k⋆,j⋆ − r(k⋆))−1

)−1

(
min[r0,k,j − r(k⋆), r0,k⋆,j⋆ − r(k⋆)]

[r0,k,j − r(k)][r0,k⋆,j⋆ − r(k⋆)]

)]
.
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4 Disjunctive power

As discussed in Section 2.3 of the main paper the disjunctive power is the probability of taking at least
one treatment forward. The disjunctive power can therefore be calculated in a very similar way to the
FWER, as done in Section 2.2 and the Supporting Information Section 2, as here we want the probability
of rejecting any null hypotheses H01, . . . ,H0K . Therefore if µk − µ0 = θk for k = 1, . . . ,K, the event
that H01, . . . ,H0K all fail to be rejected is equivalent to R̄K(Θ). The disjunctive power (Pd) for given
Θ = (θ1, . . . , θK) is:

Pd = 1− P (R̄K(Θ)) = 1−
Jk∑

jk=1
k=1,2,...,K

Φ(Ljk(Θ),Ujk(Θ),Σjk),

where Ujk(Θ) = (U1,j1(θ1), . . . , UK,jK (θK)) and Ljk(Θ) = (L1,j1(θ1), . . . , LK,jK (θK)) with Uk,jk(θk)
and Lk,jk(θk) equalling

Lk,jk(θk) = (lk,1 −
θk√
Ik,1

, . . . , lk,jk−1 −
θk√
Ik,jk−1

,−∞),

Uk,jk(θk) = (uk,1 −
θk√
Ik,1

, . . . , uk,jk−1 −
θk√
Ik,jk−1

, lk,jk − θk√
Ik,jk

).

The correlation matrix Σjk is the same as that given for FWER in Equation (3) of the main paper.

5 Proof of Theorem 2.1

Theorem 5.1 For any Θ, P (reject all H0k for which θk ≥ θ′|Θ) ≥ P (reject all H0k for which θk ≥
θ′|Θ′).

P r o o f. For any ϵk < 0,
Jk⋃

jk=1

[( jk−1⋂
j=1

Bk,j(θk + ϵk)

)
∩ Ck,jk(θk + ϵk)

]
⊆

Jk⋃
jk=1

[( jk−1⋂
j=1

Bk,j(θk)

)
∩ Ck,jk(θk)

]
.

Take any

w = (Zk,1, . . . , Zk,Jk
) ∈

Jk⋃
jk=1

[( jk−1⋂
j=1

Bk,j(θk + ϵk)

)
∩ Ck,jk(θk + ϵk)

]
.

For some jk ∈ {1, . . . , Jk}, for which Zk,jk ∈ Ck,jk(θk + ϵk) and Zk,j ∈ Bk,j(θk + ϵk) for j =
1, . . . , jk−1. Zk,jk ∈ Ck,jk(θk+ϵk) implies that Zk,jk ∈ Ck,jk(θk). Furthermore Zk,jk ∈ Bk,jk(θk+ϵk)
implies that Zk,jk ∈ Bk,jk(θk) ∪ Ck,jk(θk) for some j = 1, . . . , jk − 1. Therefore,

w ∈
Jk⋃

jk=1

[( jk−1⋂
j=1

Bk,j(θk)

)
∩ Ck,jk(θk)

]
.

Next suppose for any m1, . . . ,mK where m1 ∈ {1, . . . ,K} and mk ∈ {1, . . . ,K}\{m1, . . . ,mk−1}
with θm1

, . . . , θml
≥ θ′ and θml+1

, . . . , θmK
< θ′. Let Θl = (θm1

, . . . , θml
). Then

P (reject all H0k for which θk ≥ θ′|Θ) = P (W̄l(Θl))

≥ P (W̄l(Θ
′))

≥ P (W̄k(Θ
′))

= P (reject all H0k for which θk ≥ θ′|Θ′).
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Table S5 Maximum sample size of the platform designs and the separate trials designs for different
values of n(2).

n(2)
max(N) for pairwise power design

Platform design Separate trials with FWER control Separate trials without FWER control
0 456 616 520

50 506 616 520
100 562 616 520
150 612 616 520

n(2)
max(N) for conjunctive power design

Platform design Separate trials with FWER control Separate trials without FWER control
0 558 784 680

50 620 784 680
100 676 784 680
150 732 784 680

6 Expected sample size when allowing pauses in recruitment

To calculate the expected sample size when allowing for pauses in recruitment for the control when there is
no active treatments we build on Equation (9). The probability of each outcome remains the same (Qjk,qk

).
The total sample size associated with each Qjk,qk

changes. We define this as N ′
jk,qk

. To calculate N ′
jk,qk

we set it so that the first active treatment begins the trial at the start (so n(1) = 0) and that each treatment
is added in sequence, so treatment k is at the same time or after treatment k − 1 (so n(k − 1) ≤ n(k) for
all k = 2, . . .K). To calculate N ′

jk,qk
we need to remove any period where just the control treatment is

recruited, so

N ′
jk,qk

=

( K∑
k=1

nk,jk

)
+ max

k∈1,...K
(n0,k,jk)−

K∑
k=2

max[0, n(k)− max
i∈1,...k

(n0,i,ji)].

The expected sample size when allowing for pauses in recruitment when there are no active treatments is

E(N |Θ) =

Jk∑
jk=1

k=1,2,...,K

∑
qk∈{0,1}

k=1,2,...,K

Qjk,qk
N ′

jk,qk
.

7 Table of maximum sample sizes based on the results given in Section 3.3

Table S5 gives the maximum sample size for the pairwise power designs and conjunctive power designs
using the same results as given in Figure 1 and Figure 2 of the main manuscript.

8 O’Brien and Fleming boundaries and the Pocock boundaries

Using the trial setting introduced in Section 3 the O’Brien and Fleming boundaries (O’Brien and Fleming,
1979) with the futility boundaries equal to zero for j < JK , to remove the symmetric boundaries, which
may be too stringent (Magirr et al., 2012) give the stopping boundaries(

U1

U2

)
=

(
3.166 2.239
3.166 2.239

)
,

(
L1

L2

)
=

(
0 2.239
0 2.239

)
.
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Table S6 Operating characteristics of the proposed designs under different values of θ1 and θ2, for both
control of pairwise power and of conjunctive power, when the proposed designs use O’Brien and Fleming
boundaries (O’Brien and Fleming, 1979) with futility boundaries equal to zero.

Design for pairwise power
θ1 θ2 PPW,1 PPW,2 PC PD max(N) E(N |θ1, θ2)
θ′ θ′ 0.806 0.806 0.671 0.941 490 452.3
θ′ 0 0.806 0.013 0.806 0.807 490 407.3
θ′ −∞ 0.806 0 0.806 0.806 490 337.4
0 θ′ 0.013 0.806 0.806 0.807 490 429.7
0 0 0.013 0.013 1 0.025 490 384.8

−∞ θ′ 0 0.806 0.806 0.806 490 394.8
Design for conjunctive power

θ1 θ2 PPW,1 PPW,2 PC PD max(N) E(N |θ1, θ2)
θ′ θ′ 0.889 0.889 0.801 0.977 609 545.5
θ′ 0 0.889 0.013 0.889 0.889 609 500.7
θ′ −∞ 0.889 0 0.889 0.889 609 413.8
0 θ′ 0.013 0.889 0.889 0.889 609 523.1
0 0 0.013 0.013 1 0.025 609 478.3

−∞ θ′ 0 0.889 0.889 0.889 609 479.6

When the focus is on ensuring that the pairwise power is greater than 80% the sample sizes are(
n1,1 n1,2

n2,1 n2,2

)
=

(
70 140
70 140

)
,

(
n0,1,1 n0,1,2

n0,2,1 n0,2,2

)
=

(
70 140
140 210

)
.

(
n(1)
n(2)

)
=

(
0
70

)
.

When ensuring that the conjunctive power is greater than 80% the sample sizes are(
n1,1 n1,2

n2,1 n2,2

)
=

(
87 174
87 174

)
,

(
n0,1,1 n0,1,2

n0,2,1 n0,2,2

)
=

(
87 174
174 261

)
.

(
n(1)
n(2)

)
=

(
0
87

)
.

Table S6 shows the results for different values of θ1 and θ2 when the conjunctive power is greater than
80% and when the pairwise power is greater than 80%.

The Pocock boundaries (Pocock, 1977) with the futility boundaries equal to zero for j < JK , to remove
the symmetric boundaries, which may be too stringent (Magirr et al., 2012) give the stopping boundaries(

U1

U2

)
=

(
2.440 2.440
2.440 2.440

)
,

(
L1

L2

)
=

(
0 2.440
0 2.440

)
.

When the focus is on ensuring that the pairwise power is greater than 80% the sample sizes are:(
n1,1 n1,2

n2,1 n2,2

)
=

(
76 152
76 152

)
,

(
n0,1,1 n0,1,2

n0,2,1 n0,2,2

)
=

(
76 152
152 228

)
.

(
n(1)
n(2)

)
=

(
76
152

)
.

When ensuring that the conjunctive power is greater than 80% the sample sizes are:(
n1,1 n1,2

n2,1 n2,2

)
=

(
95 190
95 190

)
,

(
n0,1,1 n0,1,2

n0,2,1 n0,2,2

)
=

(
95 190
190 285

)
.

(
n(1)
n(2)

)
=

(
0
95

)
.

Table S7 shows the results for different values of θ1 and θ2 when the conjunctive power is greater than
80% and when the pairwise power is greater than 80%.
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Table S7 Operating characteristics of the proposed designs under different values of θ1 and θ2, for both
control of pairwise power and of conjunctive power, when the proposed designs use Pocock boundaries
(Pocock, 1977) with futility boundaries equal to zero.

Design for pairwise power
θ1 θ2 PPW,1 PPW,2 PC PD max(N) E(N |θ1, θ2)
θ′ θ′ 0.802 0.802 0.662 0.941 532 429.3
θ′ 0 0.802 0.013 0.802 0.802 532 420.6
θ′ −∞ 0.802 0 0.802 0.802 532 345.7
0 θ′ 0.013 0.802 0.802 0.803 532 424.9
0 0 0.013 0.013 1 0.025 532 416.3

−∞ θ′ 0 0.802 0.802 0.802 532 387.5
Design for conjunctive power

θ1 θ2 PPW,1 PPW,2 PC PD max(N) E(N |θ1, θ2)
θ′ θ′ 0.889 0.889 0.801 0.978 665 507.6
θ′ 0 0.889 0.013 0.889 0.890 665 516.1
θ′ −∞ 0.889 0 0.889 0.889 665 422.5
0 θ′ 0.013 0.889 0.889 0.890 665 511.9
0 0 0.013 0.013 1 0.025 665 520.4

−∞ θ′ 0 0.889 0.889 0.889 665 465.1

9 Non-binding stopping boundaries

Using the trial setting introduced in Section 3 the triangular boundaries (Whitehead, 1997) with non-
binding futility boundaries for the type I error, are(

U1

U2

)
=

(
2.517 2.373
2.517 2.373

)
,

(
L1

L2

)
=

(
0.839 2.373
0.839 2.373

)
.

When the focus is on ensuring that the pairwise power is greater than 80% the sample sizes are:(
n1,1 n1,2

n2,1 n2,2

)
=

(
77 154
77 154

)
,

(
n0,1,1 n0,1,2

n0,2,1 n0,2,2

)
=

(
77 154
154 231

)
.

(
n(1)
n(2)

)
=

(
0
77

)
.

When ensuring that the conjunctive power is greater than 80% the sample sizes are:(
n1,1 n1,2

n2,1 n2,2

)
=

(
97 194
97 194

)
,

(
n0,1,1 n0,1,2

n0,2,1 n0,2,2

)
=

(
97 194
194 291

)
.

(
n(1)
n(2)

)
=

(
0
97

)
.

Table S8 shows the results for different values of θ1 and θ2 when the conjunctive power is greater than 80%
and when the pairwise power is greater than 80%. As can be seen in these results, unlike in Table 2, the
disjunctive power no longer equals the target of 2.5% when θ1, θ2 = 0. This is because this is the FWER
if one did use the lower boundaries for futility. Without these lower bounds the FWER is 2.5%. This is the
same for the PWER when looking at the pairwise power when θ1 or θ2 equals 0.

The results when using non-binding O’Brien and Fleming boundaries (O’Brien and Fleming, 1979)
with the futility boundaries equal to zero for j < JK , to remove the symmetric boundaries, which may be
too stringent (Magirr et al., 2012) give the stopping boundaries(

U1

U2

)
=

(
3.168 2.400
3.168 2.400

)
,

(
L1

L2

)
=

(
0 2.400
0 2.400

)
.

When the focus is on ensuring that the pairwise power is greater than 80% the sample sizes are:(
n1,1 n1,2

n2,1 n2,2

)
=

(
70 140
70 140

)
,

(
n0,1,1 n0,1,2

n0,2,1 n0,2,2

)
=

(
70 140
140 210

)
.

(
n(1)
n(2)

)
=

(
70
140

)
.
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Table S8 Operating characteristics of the proposed designs under different values of θ1 and θ2, for both
control of pairwise power and of conjunctive power, when the proposed designs use triangular boundaries
(Whitehead, 1997) with non-binding futility boundaries for the type I error.

Design for pairwise power
θ1 θ2 PPW,1 PPW,2 PC PD max(N) E(N |θ1, θ2)
θ′ θ′ 0.802 0.802 0.663 0.942 539 426.6
θ′ 0 0.802 0.012 0.802 0.803 539 377.5
θ′ −∞ 0.802 0 0.802 0.802 539 347.5
0 θ′ 0.012 0.802 0.802 0.804 539 402.0
0 0 0.012 0.012 1 0.024 539 353.0

−∞ θ′ 0 0.802 0.802 0.802 539 387.0
Design for conjunctive power

θ1 θ2 PPW,1 PPW,2 PC PD max(N) E(N |θ1, θ2)
θ′ θ′ 0.891 0.891 0.803 0.979 679 513.9
θ′ 0 0.891 0.012 0.891 0.891 679 467.7
θ′ −∞ 0.891 0 0.891 0.891 679 430.0
0 θ′ 0.012 0.891 0.891 0.891 679 490.8
0 0 0.012 0.012 1 0.024 679 444.7

−∞ θ′ 0 0.891 0.891 0.891 679 471.9

Table S9 Operating characteristics of the proposed designs under different values of θ1 and θ2, for both
control of pairwise power and of conjunctive power, when the proposed designs use non-binding O’Brien
and Fleming boundaries (O’Brien and Fleming, 1979) with futility boundaries equal to zero.

Design for pairwise power
θ1 θ2 PPW,1 PPW,2 PC PD max(N) E(N |θ1, θ2)
θ′ θ′ 0.806 0.806 0.670 0.942 490 452.4
θ′ 0 0.806 0.013 0.806 0.807 490 407.3
θ′ −∞ 0.806 0 0.806 0.806 490 337.4
0 θ′ 0.013 0.806 0.806 0.807 490 429.7
0 0 0.013 0.013 1 0.025 490 384.8

−∞ θ′ 0 0.806 0.806 0.806 490 394.8
Design for conjunctive power

θ1 θ2 PPW,1 PPW,2 PC PD max(N) E(N |θ1, θ2)
θ′ θ′ 0.892 0.892 0.806 0.978 616 550.8
θ′ 0 0.892 0.013 0.892 0.892 616 506.1
θ′ −∞ 0.892 0 0.892 0.892 616 418.3
0 θ′ 0.013 0.892 0.892 0.892 616 528.5
0 0 0.013 0.013 1 0.025 616 483.77

−∞ θ′ 0 0.892 0.892 0.892 616 484.5

When ensuring that the conjunctive power is greater than 80% the sample sizes are:(
n1,1 n1,2

n2,1 n2,2

)
=

(
88 176
88 176

)
,

(
n0,1,1 n0,1,2

n0,2,1 n0,2,2

)
=

(
88 176
176 264

)
.

(
n(1)
n(2)

)
=

(
0
88

)
.

Table S9 shows the results for different values of θ1 and θ2 when the conjunctive power is greater than
80% and when the pairwise power is greater than 80%.

The results when using non-binding Pocock boundaries (Pocock, 1977) with the futility boundaries
equal to zero for j < JK , to remove the symmetric boundaries, which may be too stringent (Magirr et al.,
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Table S10 Operating characteristics of the proposed designs under different values of θ1 and θ2, for both
control of pairwise power and of conjunctive power, when the proposed designs use non-binding Pocock
boundaries (Pocock, 1977) with futility boundaries equal to zero.

Design for pairwise power
θ1 θ2 PPW,1 PPW,2 PC PD max(N) E(N |θ1, θ2)
θ′ θ′ 0.801 0.801 0.661 0.940 532 429.6
θ′ 0 0.801 0.013 0.801 0.801 532 420.7
θ′ −∞ 0.801 0 0.801 0.801 532 345.9
0 θ′ 0.013 0.801 0.801 0.802 532 425.2
0 0 0.013 0.013 1 0.025 532 416.3

−∞ θ′ 0 0.801 0.801 0.801 532 387.7
Design for conjunctive power

θ1 θ2 PPW,1 PPW,2 PC PD max(N) E(N |θ1, θ2)
θ′ θ′ 0.892 0.892 0.805 0.979 672 511.9
θ′ 0 0.892 0.013 0.892 0.893 672 521.2
θ′ −∞ 0.892 0 0.892 0.892 672 426.6
0 θ′ 0.013 0.892 0.892 0.893 672 516.6
0 0 0.013 0.013 1 0.025 672 525.9

−∞ θ′ 0 0.892 0.892 0.892 672 469.3

2012) give the stopping boundaries(
U1

U2

)
=

(
2.444 2.444
2.444 2.444

)
,

(
L1

L2

)
=

(
0 2.444
0 2.444

)
.

When the focus is on ensuring that the pairwise power is greater than 80% the sample sizes are:(
n1,1 n1,2

n2,1 n2,2

)
=

(
76 152
76 152

)
,

(
n0,1,1 n0,1,2

n0,2,1 n0,2,2

)
=

(
76 152
152 228

)
.

(
n(1)
n(2)

)
=

(
76
152

)
.

When ensuring that the conjunctive power is greater than 80% the sample sizes are:(
n1,1 n1,2

n2,1 n2,2

)
=

(
96 192
96 192

)
,

(
n0,1,1 n0,1,2

n0,2,1 n0,2,2

)
=

(
96 192
192 288

)
.

(
n(1)
n(2)

)
=

(
0
96

)
.

Table S10 shows the results for different values of θ1 and θ2 when the conjunctive power is greater than
80% and when the pairwise power is greater than 80%.

10 Plots based on the results from Section 3.5 for the two and three stage
designs

The plots for the 2 stage and 3 stage example trials as given in Table 3 are shown in Figure S1 and Figure
S2. These plots are similar to the once seen in Figure 1 and 2 of the main paper. The y-axis gives the sample
size for the trial. The x-axis gives the amount of control patients recruited between each active treatment
being added (n(k)−n(k− 1)). Plotted on the graph is the maximum sample size and the expected sample
size under the different configurations considered in Table 3. Figure S1 gives the plots when the pairwise
power is controlled at 80% and Figure S2 gives the plots when the conjunctive power is controlled at 80%.
As can be seen in Figure S2 there are times where some of the lines are at the same point. This is caused
when separate trials become better than running the proposed platform trial being at the same point for
multiple different Θ, as seen in Table 3, therefore the lines overlap.
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Figure S1 The maximum sample size and the expected sample size under different Θ depending on the
value n(k) − n(k − 1), for the pairwise power control of 80% and FWER of 5% one-sided. The dash
vertical lines correspond to the points where the maximum or expected sample size of the trial is now
greater than running separate trials which each have type I error control of 2.5% one-sided.
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Figure S2 The maximum sample size and the expected sample size under different Θ depending on the
value n(k) − n(k − 1), for the conjunctive power control of 80% and FWER of 5% one-sided. The dash
vertical lines correspond to the points where the maximum or expected sample size of the trial is now
greater than running separate trials which each have type I error control of 2.5% one-sided.
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