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Why consider unequal allocation?

e Ethical reasons
e.g. less exposure to untested intervention

e Logistical reasons
e.g. reduce cost from intervention

e Implementation science
maximise learning about implementation of intervention

o Statistical reasons, difference between arms in
outcome variance

ICC
cluster size
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Why would ICCs or variance differ?

e Intervention might reduce ICC and/or variance if it
standardizes practice e.g. use of a step-by-step checklist

e Intervention might increase ICC if it involves group
activities or therapy
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What is known?

e Given cluster sizes my, m; (1 intervention O control),
ICCs p,, p; Variance ratio § = o7 /02 the optimal allocation
ratio of individuals to the intervention arm is

Popt _ 5[1+ (my — 1)p,]
1 —Dpopt 1+ (my — 1po

e Equivalently as ratio for clusters

gopt _ my 5[1 + (ml T 1),01]
1—=Gopt My 1+ (my — 1Dpog
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Objective

o Identify optimal allocations of clusters g and
measurements p when ICCs (and variance) differ, when
cluster sizes can be chosen freely

e When is this possible?

e either ‘any’ number of individuals can be recruited to
clusters, or

e clusters are large (many exposed e.g. towns) but only
a random sample measured

e In practice: choose range for number of clusters K, for
each k identify optimal design giving smallest number of
measurements N, choose design ‘trading off’ Kand N
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Optimal design 1 (intuitively)

Lower ICC Higher ICC
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Power function in p and g

e Continuous outcome, standardised effect size d

d
d ~Z a

1+ (me=Dpo , [1+(m~Dpy]  °
(1-p)N pN

e Can be written in terms of g because

PN _({A-pN
YUgkn Y (1-9)K

o Differentiate to identify p,,, and gop:
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Optimal design 2 (formulae)

Yopt _ P1
1- Yopt Po

5 =\/(1_P0)(1_P1)—(1—P1)
opt P1 — Po

e Higher ICC in an arm means more clusters, but slightly
less than half the measurements (smaller cluster size)

* popt aNd g, depend only on ICCs!

o If p or g fixed, doesn't affect optimal value of the other
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Example

e Consider group intervention trial that increases ICC
from 0.01 to 0.1

* Popt = 0.488 and g,,; = 0.760

e Consider K from 40 to 50, identify optimal design and
compare to p = 0.5 and g = 0.5, calculate sample size

80% power, effect size 0.25
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Investigating ‘suboptimal’ choices

measurements required for p=0.4-0.6, ICC=(.01,.1)

1400 1500 1600

N
1300
1

S |

g || p=0.40 —

- || p=0.49 —

S || p=0.60 —

"5 6 7 8 9

Probortion of clusters allocated to intervenﬁon, g

MRC Clinical Trials Unit at UCL



Design under uncertainty in ICCs

measurements required at p=0.488 as ICC values vary
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Optimal design given constraints

o Effect size 0.32, ICC=0.05 both arms, consider K 40-50

®* Dopt = Yopt = 0.5

e Constrain K;=30 for implementation learning, optimal
design vs. design with equal cluster sizes
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Optimal design: only one arm clustered

e Extend to individually randomised trials where one arm
is clustered, e.g. group therapy vs. medication

e Already known, for given cluster size m;, p,,:>0.5

Popt  _ JI1+ (my — Dpy]

1-Dopt

e But if cluster size chosen freely, p,,: <0.5

_\/(1_,01)_(1_,01)
Popt =
P1

e Why so different?
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Further work

e C(Clearly cluster size (measurements) can never be
entirely unrestricted - extend to a ‘feasible maximum’

e Investigate optimal design for other outcome types

e Develop software, Stata ‘power’ cannot calculate sample
size with different ICCs by arm

e Investigate what sorts of trials may have different ICC
or variance between arms - should we recommend
reporting their values by arm?
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Conclusions

o Identifying optimal designs feasible because simple
expressions for p,,: and g,,: only depending on the ICCs

(and variance ratio)

e Furthermore p,,: generally very close to 0.5. Can first
identify g,,, which will then be ratio of cluster sizes m,/m,

e Easy to constrain on number or proportion of clusters
(measurements) in one or both arms

e Practical use depends on whether outcome data are
routinely collected or not, and feasibility / efficiency of
recruiting or measuring a proportion of available
individuals
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For further discussion, or for references,
please get in touch:

Andrew Copas
a.copas@ucl.ac.uk
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