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2: CRITERIA FOR DETERMINING TRIAL SIZE
CHAPTER 5: TRIAL SIZE

Sometimes, different trial sizes may be used for different outcomes. For.el‘iample, it
might be possible to design a trial in such a way that a large sample .of part1c1p:ar'1ts are
monitored for mortality, say by annual surveys, and only a proportion of participants
are monitored for morbidity, say by weekly visits. .

If it is not feasible to design the trial to achieve adequate power or precision for the
primary outcome, the trial should either be abandoned or a different primary outcome

should be adopted.

sense to test the null hypothesis; rather the objective may be to estimate the magnitude
of the effect and to do this with some acceptable specified precision.

In trials of new interventions, it is often not known whether there will be any impact
at all of the intervention on the outcomes of interest, and what is required is ‘proof
of concept. In these circumstances, it may be sufficient to ensure that there will be 5
good chance of obtaining a significant result if there is indeed an effect of some speci-
fied magnitude. It should be emphasized, however, that, if this course is adopted, the
estimates obtained may be very imprecise. To illustrate this, suppose it is planned to
compare two groups with respect to the mean of some variable, and suppose the true
difference between the group means is D. If the trial size is chosen to give 90% power
(of obtaining a significant difference with p <0.05 on a two-sided test) if the differ-
ence is D, the 95% CI on D is expected to extend roughly from 0.4 D t0 1.6 D. This isa
wide range and implies that the estimate of the effect of intervention will be imprecise.
In many situations, it may be more appropriate to choose the sample size by setting the
width of the CI, rather than to rely on power calculations.

».5 Practical constraints

In practice, statistical considerations are not the only factors that need to be taken' into
account in planning the size of an investigation. Resources, in terms of staff, V?hlcles,
[aboratory capacity, time, or money, may limit the potential size of a trial, and it is often
necessary to compromise between the results of the trial size computations and what
can be managed with the available resources. Trying to do a trial that is. beyond the ca-
pacity of the available resources is likely to be unfruitful, as data quality is likely to suffer
and the results may be subject to serious bias, or the trial may even collapse con?plc?tely,
wasting the effort and money that have already been expended. If calculations indicate
that a trial of manageable size will yield power and/or precision that is unacceptably

2.4 Trials with multiple outcomes

The discussion in Sections 2.1 to 2.3 concerns factors influencing the choice of trial

3 . . . . . 11'
size, with respect to a particular outcome measure. In most trials, several different low, itis probably better not to. con;lluct tI(lie trglbattjv ven il sie (and thas cost) and
outcomes are measured. For example, in a trial of the impact of insecticide-treated A us.eful approach to examine the trade-off be o O aribies Do
mosquito-nets on childhood malaria, there may be interest in the effects of the inter- powet is to construct power .CWV‘:’SthY_OIle‘ or ftwod(i)ff;reen:?;&iscof O m.easure
vention on deaths, deaths attributable to malaria, episodes of clinical malaria, spleen curves show how power varies with tria ?12(‘31 Orh i e g
sizes at the end of the malaria season, PCVs at the end of the malaria season, and pos- Figure 5.1 shows power curves for malaria deat $ In the mosqu '
sibly other measures in Section 2.4, assuming that equal numbers of children are to be allocated to the inter-

Chapter 12, Section 2 highlights the importance of defining in advance the primary vention and control groups and statistical significance is to be based on a two-sided test

outcome and a limited number of secondary outcomes of a trial. In order to decide on

the trial size, the investigator should first focus attention on the primary outcome, as 100
results for this outcome will be given the most weight when reporting the trial findings, R=03
and it is essential that the trial is able to provide adequate results for this outcome. The 80

methods of this chapter can then be used to calculate the required trial size for the pri-
mary outcome and each of the secondary outcomes.

Ideally, the outcome that results in the largest trial size would be used to determine
the size, as then, for other outcomes, it would be known that better than the required
precision or power would be achieved. It is often found, however, that one or more
of the outcomes would require a trial too large for the resources that are likely to be
available. For example, detecting changes in mortality, or cause-specific mortality,
often requires very large trials. In these circumstances, it may be decided to design
the trial to be able to detect an impact on morbidity and accept that it is unlikely to
be able to generate conclusive findings about the effect on mortality. It is important
to point out, however, that, if a trial shows that an intervention has an impact on
morbidity, it may be regarded as unethical to undertake a further, larger trial to as-
sess the impact on mortality. For this reason, it is generally advisable to ensure that
trials are conducted at an early stage in which the outcome of greatest public health
importance is the endpoint around which the trial is planned. This issue is discussed
further in Chanter 6. ' .

.
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Figure 5.1 Power curves for a trial of the effect of mosquito-nets on malaria deaths.

Malaria death rate in the control group assumed to be 10/1000/year. R, relative rate in the interven-
tion group. Assumes eaual-sized aroups. two-sided test. and sianificance b < 0.05.
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. i i ison of proportions
Table 5.1 Relationship between z, and % power (numbers in the body of the table show Table 5.2 Sample size requirements for compar prop
power corresponding to each value of z,)

smaller Difference D= p, - p,
First decimal place of z, prop- Pi 0c” 010 045 020 025 030 035 040 045 050 055 0.60
% 00 ot 02 03 04 05 06 07 08 . - 435 141 76 50 36 28 22 18 15 13 11 10
30 01 01 01 00 00 00 00 00 00 583 189 102 67 48 37 30 25 21 18 15 13

-2.0 2.3 1.8 1.4 1.1 0.8 0.6 0.5 0.3 0.3
-1.0 159 136 115 9.7 8.1 6.7 55 4.5 36
~0.0 500 460 421 38.2 345 309 27.4 24.2 212
+0.0 500 540 579 61.8 65.5 69.1 72.6 75.8 78.8
+1.0 841 864 885 90.3 91.9 933 94.5 955 96.4
+2.0 977 982 986 98.9 99.2 99.4 99.5 89.7 99.7
+3.0 999 999 999 100.0 100.0 100.0 100.0 100.0 100.0

Note: for example, z, = ~0.7 corresponds to a power of 24.2%.

719 233 126 83 60 46 37 30 26 22 19 16
686 200 101 63 44 33 26 21 17 14 12 10
919 268 135 84 59 44 34 28 23 19 16 14
1134 330 166 104 72 54 42 34 28 24 20 17
906 251 122 74 50 37 28 22 18 15 13 10
1212 336 163 98 67 49 38 30 24 20 17 14
1497 415 201 122 83 60 46 37 30 25 21 18
1094 294 139 82 55 40 30 24 19 16 13 "
1464 394 186 110 74 53 40 31 25 21 17 15
1808 486 230 136 91 66 50 39 31 26 21 18
1250 329 153 83 59 42 31 24 19 16 13 1"
1674 441 205 119 79 56 42 32 26 21 17 14
2067 544 253 147 97 69 52 40 32 26 21 18
1376 357 163 94 61 43 32 24 19 16 13 10
1842 478 219 126 82 58 43 33 26 21 17 14
2274 590 " 270 156 101 71 53 40 32 26 21 17
1470 376 170 97 63 44 32 24 19 15 12 10
1968 504 228 130 84 58 43 32 25 20 16 13
2430 622 282 160 103 72 53 40 31 25 20 16
1533 388 174 98 63 43 31 24 18 14 11
2052 520 233 131 84 58 42 31 24 19 15
2534 642 287 162 103 71 52 39 30 24 19

1564 392 174 97 61 42 30 22 17 13
2094 525 233 130 8 56 40 30 23 18

2586° 648 287 160 101 69 50 37 28 22

1564 388 170 94 59 40 28 2% 15

2094 520 228 126 79 53 38 28 21
2586 642 282 156 97 66 46 34 26

1533 376 163 89 55 37 26 18

2052 504 219 119 74 49 34 25

2534 622 270 147 91 60 42 30

Having specified these values, the formulae or tables given in Sections 4.1 to 4.3 can
be used to calculate the required trial size,

It is often useful, however, to proceed in the opposite direction, i.e. to explore
the power that would be achieved for a range of possible trial sizes and for a range
of possible values of the true difference D. This enables the construction of power
curves, as illustrated in Figure 5.1. Formulae for this approach are also given in
Sections 4.1 to 4.3.

4.1 Comparison of proportions

The trial size required in each group to detect a specified difference D = Py — P, with
power specified by z, and significance level specified by z,, is given by:

n:[(z1 +z2)22p(1—P)]/(P1 “Pz)z

where p is the average of p, and p,.
For 90% power and significance at p < 0.05, this simplifies to:

n=[21p(1-p)}/(n—p.)"

Table 5.2 shows the required trial size for a range of values of p, and p, for 80%,
90%, or 95% power.

To calculate the power of a trial of specified size, calculate as follows, and refer the
value of z, to Table 5.1,

z,= (\/{n/[zp(l—p)]})(|p1 —pl)-2.

Example: assume that the spleen rate in the control group of the mosquito-net trial
isaround 40%. To have very high power (say 95%) of detecting a significant effect if the
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Table 5.2 (continued) Sample size requirements for Comparison of proportions

Smaller

Difference D = P -p,
prop. p,

0.05 0.90 015 020 025 030 035 040 045 050 0.55 g
0.60 1470 357 153 82 50 33 22
1968 478 205 110 67 44 30
2430 590 253 136 83 54 37
0.65 1376 329 139 73 44 28
1842 441 186 98 &g 37
2274 544 230 121 72 46
0.70 1250 294 122 63 36
1674 394 163 84 48
2067 486 201 104 &0
0.75 1094 251 101 50
1464 336 135 g7
1808 415 166 83
0.80 906 200 76
1212 268 102
1497 330 126

0.85 686 141
919 189
1134 233
0.90 435
583
719

Shown in the body of the table are the sample sizes required in each group to give the specified power.*

* Upper figure: power, 80%; middle figure: power, 90%; lower figure: power, 95%. Using a two-sided sig-
nificance test with p<0.05. The two groups are assummed to be of equal size.

intervention reduces the spleen rate to 30% (so that P =0.35), the number of children
required in each group is given by:

n=[(196+1.64)" (2x0.35%0.65)]/(0.3—0.4)" =590,

If the true risk ratio is R and we wish to power the trial, such that the lower confi-
dence limit on the risk ratio will be greater than or equal to R, where R, is the lowest
acceptable efficacy (say, for whether or not to implement the intervention in a public
health system, i.e. we need to be sure that the efficacy is at least R, ), the required sam-
ple size is:

”:(Zl ‘f“zz)z[(l‘Pl)/(pl)‘1‘(1‘“172)/(?2)]/[10& (R/RL)}Z'
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a .SO“ O| inCidence rates
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e wer, the required number of person-years in each group
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F i y:[(zl+zz)2 (n 'HZ)]/("I _"2)2

n i Wi s. A rough
h and 7, are the expected rates per person-year in ‘Fhe two gr;t/lp} ) (;gz%)
e f the :verage of the two rates is therefore required, i.e. [(rl +1,)/2|. For9
estimate O

r and significance at p < 0.05, this formula simplifies to:
powe

y:[10'5(’"1 “Hz)]/(rl _rz)z'

An native v ive vents required in
i i ula gives the number of even
ative, but equivalent, form : ‘ : "
thi}rxe control group, in terms of the rate ratio R, for which the specified pow
group 2,

is required: 2
e, =|(e+2) L+ R J1-R)"

This formula was used to construct Table 5.3, which shows theonurnber ?él theor;‘;sl
" 'Orm 2 to detect a rate ratio of R with 80%, 90%, or 95% pow.er. .
e ot et eeded in both groups can be calculated as e, (1+R). S1n.ce this 'c‘:ian
e ofeec‘ll f/\rrli::;gut specifying the assumed rates in the two trial groups, this provides

be compu

. . .
d I)al ]Cularly helpful a] pIOaCh When the rates are uncertall‘l. Thus, 1 an e’ldpoﬂlt—
i p
d1 l’l/eﬂ tr ial we can Speley t}le numbeI Ofevents that need to be Obser Ved to IeaCh the
>

inated.
equired power, after which recruitment or follow-up may be termina
r 3 . . . .
qTo calculate the power for a given trial size, compute:

Z,= {\/ [”/(73 +rz)]}<"i ”721)_21

here |1, —7; | is the absolute value of the difference betheen the two ra;i;.e i
! Refer 1the ;esulting value of z, to Table 5.1 to determine the power (; hetrial
'Example: Assume, in the mosquito-net trial, that the death rate fro » malaria 10

X : , ;
the contliol group is 10/1000 child-years, so that 7, = }?i(:ilo;lljiﬁlﬁtze%e; Zts is}zeduwd

igni i te in childre - i
tect a significant effect if the true ra : ed-n
E’a;‘:)e; :2 ie— 0 003g The number of child-years of observation required in each group
Y 0 1= .

is given by: 2
y=[(1.96+084) (0.003+ 0.010)|/(~0.007)" = 2080.

i tion
The power curves shown in Figure 5.1 were constructed using the saéne astsuzfio "
. i = a rate
conceriing the death rate in controls. For examplg,0 \(,)v1t11:‘ f:i —ngi)soi;.nthe rate vatio o
i death rate of 7 per 1000 child-
R=07 (corresponding to a

group), giving a power of 18% (Table 5.1):
‘ —1.96=—0.93.
z,= {\/ [2000/(0.007+0.010)]}(10.007—0.010|) 1.96

Th i i ility of rejecting the
lae are used to ensure that there is a high PI’Obablht}.’ of rejecting

ese formulae a ot il mccrrmmad cire Hauwever thic mav still mean
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Table 5.3 Sample size requirements for comparison of rates

Relative rate R* Expected events in group 2 to give*

80% power 90% power 95% powey
0.1 10.6 14.3 17.6
0.2 14.7 19.7 24.3
0.3 20.8 27.9 344
0.4 30.5 40.8 50.4
0.5 47.0 63.0 77.8
0.6 78.4 105.0 129.6
0.7 148.1 198.3 244.8
0.8 352.8 472.4 583.2
0.9 1489.6 1994.5 2462.4
1.1 1646.4 2204.5 2721.6
1.2 431.2 577.4 712.8
1.4 17,6 157.5 194.4
1.6 56.6 75.8 93.6
1.8 34.3 45.9 56.7
2.0 235 315 389
25 12.2 16.3 20.2
3.0 7.8 10.5 13.0
5.0 29 39 4.9
10.0 1.1 1.4 1.8

Numbers in the body of the table are expected number of events required in group 2 to give specified power
if relative rate in group 1 is R.

* R, ratio of incidence rate in group 1 to incidence rate in group 2.

* Using a two-sided significance test with P < 0.05. The two groups are assumed to be of equal size.

that the lower confidence limit for the effect size is close to the null, and this may pro-
vide insufficient evidence to recommend widespread adoption of the intervention. A
larger sample size will be needed to ensure that the lower confidence limit exceeds a
given value.

Suppose the assumed value of the rate ratio is R and that we wish to power the trial
so that there is a high probability that the CI excludes a value R, corresponding to the
lower limit of efficacy desired. Then the required sample size is given by the formula:

y:(zlJrzz)z(llr1 +1/1’2)/{loge(R/RL)J2.

Example: In the mosquito-net trial, we found that 2080 child-years were required in
each trial eroup to reiect the null hvpothecic with Q004 motrar €1 a fr11a vatm vatim D crme

4: SIZE TO GIVE ADEQUATE POWER

03 corresponding to an efficacy of 70%. Now suppose we wish to ensure that tbere is
a;l ’80% chance that the lower 95% CI for the efficacy exceeds 30%, C(.)rrespondlng to
R =07 Applying the formula, we obtain the following, demonstrating the substan-
tiaLl increase in sample size that this would necessitate:

y=(1.96+0.84)*(1/0.010+1/ 0.003)/ [log, (0.3/0.7)] = 4732.

43 Comparison of means

The trial size required in each group to detect a specified difference D =, —,, with
power specified by z, and the significance level specified by z, is given by:

n=((z,+2,) (07 + )] /(1)

where o, and o, are the standard deviations of the outcome variable in groups 1 and

2, respectively. .
For 90% power and significance at p <0.05, this simplifies to:

h :10'5<0'12 +0§>/(M1 ’“Mz)z‘

To calculate the power of a trial of specified size, calculate the following, and refer the
value of z, to Table 5.1:

z,= {\/{n/(af +a§>]}(]u1 —p|)—2.

Estimates of o, and ¢, may be obtained from previous studies or from a pilot study.
If appropriate values cannot be determined, an alternative is to dichotomize the con-
tinuous outcome variable and use the sample size formulae for comparison of propor-
tions given in Section 4.1. This will give a conservative estimate of sample size, as it
ignores some of the information, but will ensure an adequate sample size in the face of
“uncertainty regarding the standard deviations.

Example: In the mosquito-net trial, the mean PCV in the control group at the end
of the trial is expected to be 33.0, with a standard deviation of 5.0. To have 90% power

number of children required in each group is given by:
n=[(1.96+128)" (5.0 +5.0°)] /(1.5)" =233.

Suppose it turns out that only 150 children are available for study in each group. The
power in these circumstances is given by the following, corresponding to a power of
about 74%:

2, ={V/[150/(5.0° +5.0°)[ }(1.5)~1.96 = 0.64.

A summary of the various formulae that have been given for calculating the trial size
reauirementse far the comnarican of two orotbs of eaual size is oiven in Table 5.4.

of detecting a significant effect if the intervention increases the mean PCV by 1.5, the
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CHAPTER 5: TRIAL SIZE 5: MORE COMPLEX DESIGNS

Table 5.4 Summary of formulae for calculating trial size requirements for comparison of

1able5.5 Trial size necessary to achieve approximately the same power in a trial with two
two groups of equal size

roups, One of which contains k times as many individuals as the other

Type of Formula Notation " Section

n, n, B+,
outcome in text
A: Choosing trial size to achieve adequate precision n n 2n
. . 0.75n 1.5n 2.25n
P tions: n = number in each grou 3,
OPOTIONE = (1.96/10g, £ {{(R+ 1)/ (Rey)] -2} oA 0.67n 2.0 2.67n
R = prop. in group 1/prop. ' ’ .
in group 2 0.62n 2.5n 3.12n
Gives 95% Cl from R/f to Rf 0.60n 3.0n 3.60n
Rates: e, = (1 96/log, f)z [(R—I-T)/R} e = expezcted events in 32 0.55n 5.5n 6.05n
group 0.50n 50.0n 50.50n
R =rate in group 1/rate in
group 2
Gives 95% CI from R/ to Rf Vdrug, and so the trial may be arranged so that there are two or three patients given the
Means: n=numberin each group 3.3 old drug for every patient given the new drug. In order to maintain the same power as

n = (1.96/f) (o] +03) : 1 oraer
ifi the equal allocation scheme, a larger total trial size will be needed, but the number

‘ igiven the new drug will be smaller. Conversely, in a trial of a new vaccine, it may be
decided to allocate twice as many participants to the vaccinated group as are included

in the placebo group, in order to increase the size of the safety database for the new vac-

cine, before it goes into public health programmes.

Let the size of the smaller of the two groups be #,, and suppose the ratio of the two

0, =SD ingroupi

D =mean in group 1 — mean
ingroup 2

Gives 95% Cl of D£f

B: Choosing trial size to achieve adequate power

Proportions: [(z +2,) 2p(1—p)]/(p —p) n=numberineach group 4.1 _ sample sizes to be k, so that there will be kn, individuals in the other group (k> 1).
T C p; = proportion. in group i Then, to achieve approximately the same power and precision as in a trial with an equal
p = average of p, and g, number # in each group, n, should be chosen as:
Rates: )= [(zw+zz)2(n+rz)]/(ﬁ—fz)z y-—;oel:;onﬁears in each 42 n, ;n(k—l—l)/(Zk).
.= rate in group | Examples are shown in Table 5.5 for various values of k. Notice that the number al-
' located to the smaller group can never be reduced below half the number required with
Means: n = number in each group 4.3 -

equal groups. Little is gained by increasing k beyond 3 or 4, since, beyond this point,

2 2
n= [(21-{-22) <Uwz +0§)]/(M1 “l*z)
even a substantial increase in #, achieves only a small reduction in #,,

o, =SDingroup i

k'= meanin group |

52 Comparison of more than two groups

Hield trials comparing two groups (for example, intervention and control, or treatment
A and treatment B) are by far the commonest. However, in some trials, three or more
_ groups may be compared. For example, in a trial of a new vaccine, there may be four
trial groups receiving different doses of the vaccine. It is unusual for field trials to have
_ more than four groups, because of logistical constraints or trial size limitations.

It is suggested that, in designing a trial with three or more groups, the investigator
should decide which pair-wise comparisons between groups are of central interest. The
methods of Sections 3 and 4 can then be used to decide on the trial size required in
_ cach group. Where there is one control group for comparison with several intervention

groups, it is likely that the main pair-wise comparisons will be between each interven-
OO 070111 and +hh s ~memdrmn] cormmaaem Nk T mcirmcrese 43nmt A aem b o nomm i o vmom v Tn e imn aem £n

z,=1.96 for significance at p < 0.05.
Power 80%, 90%, 95%
z,=0.84,128,1.64,

5 More complex designs

5.1 Two groups of unequal size

Sections 3 and 4 considered the simplest situation where the two groups to be com-
pared are of equal size. Sometimes, there may be reasons for wishing to allocate more
individuals to one group than to the other. For example, if an experimental drug is

micr arem o cdvre e vmmrmcr Foa A aeimad fa vt i ioa 41 s il o ~f ot armte allamatad +0 tHE
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