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sample size calculations
~ ="predicting the future”

ogists describe the approaches in books anda™e
Protocol committees and ethics review boards require
adherence. CONSORT reporting guidelines clearly it
specify the reporting of sample size calculations."
Almost everyone agrees.

An important impetus to this unanimity burst on thg
medical world more than a quarter of a century ago.
group of researchers, led by Tom Chalmers, publis

una

y, that troubled n." fie regarded
damaging paper that he had ever
y? We will describe his concerns later, so

ponents of sample size calculations
fculating sample sizes for trials with dichotomous
outcomes (eg, sick vs well) requires four components:
type I error (a), power, event rate in the control group,
and a treatment effect of interest (or analogously an
event rate in the treatment group). These basic
components persist through calculations with other
types of outcomes, except other assumptions can be
necessary. For example, with quantitative outcomes and
a typical statistical test, investigators might assume a
difference between means and a variance for the means.
In clinical research, hypothesis testing risks two
fundamental errors (panel 1). First, researchers can
conclude that two treatments differ when, in fact, they
do not. This type I error (o) measures the probability of
making this false-positive conclusion. Conventionally,
o is most frequently set at 0-05, meaning that
investigators desire a less than 5% chance of making a
false-positive conclusion. Second, researchers can
conclude that two treatments do not differ when, in fact,
they do—ie, a false-negative conclusion. This type II
error (B) measures the probability of this false-negative
conclusion. Conventionally, investigators set B at 0-20,
meaning that they desire less than a 20% chance of
making a false-negative conclusion.
Power derives from B error. Mathematically, it is the
'MV— ' complement of B (1-B) and represents the probability of

avoiding a false-negative conclusion. For example, for
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Why bother?

What happens if | don’'t do it”
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Why bother?

What happens if | don’'t do it”

1. study too small: imprecision —> ethics
2. study too large: “too precise” —> ethics, $3%

3. study planning: design, logistics, feasibility etc.



Power vs Estimation

Two approaches to sample size calculations

thebmyj

Research Methods & Reporting

The tyranny of power: is there a better way to
calculate sample size?

BMJ 2009; 339 doi: http://dx.doi.org/10.1136/bm;j.b3985 (Publi
2009;339:p3985

6 October 2009) Cite this as: BMJ

John Martin Bland, professor of health statistics
1Department of Health Sciences, University of York, Heslington, York YO10 5DD

mb55@york.ac.uk

e Accepted 12 June 2009

Martin Bland’s extensive experience in reviewing and using power calculations has led him to believe that it is
time to replace them

When | began my career in medical statistics, back in 1972, little was heard of power calculations. In major
journals, sample size often seemed to be whatever came to hand. For example, in September 1972, the Lancet
contained 31 research reports that used individual subject data, excluding case reports and animal studies. The
median sample size was 33 (quartiles 12 and 85). In the same month the BMJ had 30 reports of the same type,
with median sample size 37 (quartiles 12 and 158). None of these publications explained the choice of sample
size, other than it being what was available. Indeed, statistical considerations were almost entirely lacking from
the methods sections of these papers.

Summary points

Most medical research studies have sample sizes justified by power calculations

Compare the research papers of September 1972 with those in the same journals in September 2007, 35 years
later. In the Lancet, there were 14 such research reports, with median sample size 3116 (quartiles 1246 and

8



Power vs Estimation

Two approaches to sample size calculations

1. Power-based ~ significance testing

o useful if question is: “Is there a statistically significant
difference between X and Y?”

o usually NOT helpful for accuracy

2. Estimation-based ~ confidence interval

o useful if question is: “How precisely can we estimate X
or the difference between X and Y?”

 method of choice for accuracy
e generally preferable method
e easier to understand



lo understand sample size...

... You need to understand concepts of random variation & precision

1 sample: S-C+

e newtest "I" Is positive
= YAY, my test is 100% sensitive!!! ...right?
= NO!!! need to account for random variation
= My estimate for Sensitivity Is
100% (95%Cl| 2.5% — 100%)

10



lo understand sample size...

... You need to understand concepts of random variation & precision

e 1 samp
¢ 2 samp precision ~ sample size )
e 3 samp )
e 4 samples S-C+T+: 100% (95%CI| 40% — 100%)
e 5sa
e 10 How many patients/samples do | need

R 10 estimate accuracy with acceptable precision”
* 50 s:

« 100 samples S-C+T+: 100% (95%CI| 96% — 100%)
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How Is It actually done”

Making use of existing formulas

Table 1. Estimating a population proportion with specified absolute precision

n=.'.f "zp‘l_‘P),:"dz

Table 2. Estimating a population proportion with specified relative precision

b )
n=z%_..(1=P)/eP

Table 4. Estimating the difference between two population proportions with specified absolute precision

nwzl [P =P+ Pl = Py))d?
or

nw=zi_,.V/d*
where

"‘—P‘“"P”'P;“—P;)

Tatle 5 Hypothews tests 1or two POpUlaon prOPOons
For a oncauded towt
ne i WRF P e, LR O=PA PO =PAP, - Py)

where
Pull, s P2

Foe 2 two-uded temt

ool BRI F) ez, L0 <P P =P NIAP, - P
For 2 onc-mdod ot for small proportions

el 42 0006 aresie, P, arcsin, P )
For a twoaskded test for small proportions

L L P ,;'[m-nﬂur\\m\ P, -accun, P,F)

S

Table 6. Estimating an odds ratio with specified relative precision

n=zi .2 {1/[PT(1=P})]+1/[P3(1—P3)]}/[log.(1—#)]

N —

Table 8. Estimating a relative risk with specified relative precision

n=zf_,,2[(l —Pl)/Pl"'(l _PZ)/P2]/‘[IOge“_8)]2

—

Table 3. Hypothesis tests for a population proportion

For a one-sided test

n={z, /[ Poll = Po))+2, .4/ [P.(1 = P,)]}*/(Po—P,).

For a two-sided test

"=::|—a:\ [Poll =Ps)] 4z, BN [P,(l—P‘,l];:‘(Pn ”.)2-

N —

Table 12. Estimating an incidence rate
with specified relative precision

n =(2, -a/z/8)2

SOURCE: Lwanga SK, LEMESHOW S. Sample size determination in health studies. WHO Library. 1991

12



How Is It actually done”

Making use of existing formulas

1. Sample size tables 2. Packages/websites 3. Own program

n Ttor Sovta Crompree aad TR " eorys swtwres 13 she
Table 1. Estimating a population proportion with specified absolute precision g Serve Saomars for Pt Sount e loacg Ao w3 SO MHeE . Ce £+0-F ' . L Q-
. S S s Pt o Dt Sty o~ ittt S s
n=z3_,,P(1—P)/d* [ N S S S—" — Sangte wwve o0 prrenig e i s S SV 4 W N i e e —— tere - ~—~
0 Gt s s o4 o et ¢ O prgats < & p— [ oo ol B A e e E- E
fre—— o et e e e ey e (e e et . > -~
(a) Confidence level 95% e - *oe e e seete ——— by S Qo e B LN RS BN —— L R R
- - ~
Pl 005 010 015 020 025 030 035 040 045 050 055 060 066 070 075 O0f [USRp— —amns Semyts S for P reguenns @ ¢ Pepuietes A X i ’ ' ’ J X
d —
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003| 203 384 544 683 800 896 971 1024 1056 1067 1056 1024 971 896 800 —— Howmn wen ~ - . s e et
004| 114 216 306 384 450 504 546 576 594 600 594 576 546 504 450 R—— — s p—— e - —
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006| 51 96 136 171 200 224 243 256 264 267 264 ~ 256 243 224 200 »
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010 18 35 49 61 72 8 87 92 9 9% 95 92 8 8 72 ¢ aflewiit . 2 - 2 2 -
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012| 13 24 34 43 50 5 61 64 66 67 66 64 61 56 50 , e T -
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——- -
—

+ easy to use + easy to use

+ quick Impression  + quick

- limited parameter - many not free
values - slow if varying

- limited formulas multiple parameters

- limited complexity - often power-baseo

flexible

free

dynamic
graphics

- effort in writin
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ponents of sample size calculations
fculating sample sizes for trials with dichotomous
outcomes (eg, sick vs well) requires four components:
type I error (a), power, event rate in the control group,
and a treatment effect of interest (or analogously an
event rate in the treatment group). These basic
components persist through calculations with other
types of outcomes, except other assumptions can be
necessary. For example, with quantitative outcomes and
a typical statistical test, investigators might assume a
difference between means and a variance for the means.

In clinical research, hypothesis testing risks two
fundamental errors (panel 1). First, researchers can
conclude that two treatments differ when, in fact, they
do not. This type I error (o) measures the probability of
making this false-positive conclusion. Conventionally,
o is most frequently set at 0-05, meaning that
investigators desire a less than 5% chance of making a
false-positive conclusion. Second, researchers can
conclude that two treatments do not differ when, in fact,
they do—ie, a false-negative conclusion. This type II
error (B) measures the probability of this false-negative
conclusion. Conventionally, investigators set B at 0-20,
meaning that they desire less than a 20% chance of
making a false-negative conclusion.

Power derives from B error. Mathematically, it is the

'MV— ' complement of B (1-B) and represents the probability of

avoiding a false-negative conclusion. For example, for
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Predicting the future

Necessary Quantities for sample size calculation

1. pick target outcome (usually sensitivity)

2. pick desired precision for estimate of target
quantity (e.g. +10%)

3. make informed guesses about
3.1 expected prevalence
3.2 expected sensitivity

16



Example calculation

By Hand

(1.96)%sensitivity(1 — sensitivity)

n(diseased) = —
precision

1. target quantity: sensitivity

1.96)%0.9(1 - 0.9
n(diseased) = ( ) ( )

: C 0.12
2. desired precision: +10% -
n(diseased) = 001
3. informed guesses about n(diseased) > 34.6
3.1 expected sensitivity: 90% n(totaz)=’;§_‘i‘::;‘::je>

3.2 expected prevalence: 15%  aioran = 25 ~233

0.15
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Example calculation

Sample Size Table from WHO book

Table 1. Estimating a population proportion with specified absolute precision

n=zi_,, P(1-P)/d*

(a) Confidence level 95%

sens/spec

Y 0.05 0.10 0.15 0.20 0.2b 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75
d

0.80 0.85 0.90 0.95

0.01 | 18256 3457 4898 6147 7203 8067 = 8740 9220 9508 9604 9508 9220 8740 BO67 7203
0.02 | 456 864 1225 1537 1801 2017 = 2185 2305 2377 2401 2377 2305 2185 2017 1801
0.03 203 384 544 683 800 896 971 1024 1056 1067 1056 1024 971 896 800
0.04 114 216 306 384 450 504 @ 546 576 594 600 594 576 546 6504 450

& 0.05 73 138 196 246 288 323 350 369 380 384 380 369 350 323 288
prECISIon 0.11 156 29 40 51 60 67 72 76 79 79 79 76 72 67 60
0.12 13 24 34 43 50 56 61 64 66 67 66 64 61 b6 50

0.13 11 20 29 36 43 48 b2 55 56 57 56 bb 52 48 43

6147 4898 & 3457 18256
1637 1226 864 456
683 544 384 203
384 306 216 114
246 196 138 73

51 40N 15
43 34 24 13
36 29 20 11

*Sample size less than 5.

SOURCE: Lwanga SK, LEMESHOW S. Sample size determination in health studies. WHO Library. 1991
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Example calculation

Sample Size Table from DEEP

Table 2 | Relationship between sample size and 95% confidence interval sens /spec

Number of infected (non- Estimated test sensitivity (or specificity)*
. L . *
infected) subjects required 50% 60% 70% 80% 95%

n+
100

150
200
500

1,000
*As defined by the reference standard test. ¥95% confidence interval around the estimated sensitivity (+/- value in table). p rec i S i on

SOURCE: TDR. Evaluation of diagnostic tests for infectious diseases: general principles. Nat Rev Microbiol. 2006 Dec 1;4(12 Suppl):S20-32.
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Example calculation

OpenEpi

Expand All | Collapse Enter Results Examples Help
H = =

# ,0::0 and Halp Open Source Statistics for Public Health Documentation Testing About Help

80
@ Language/Options/Settings SaterNow Ot : Samplo Size fOl’ a Pl'OpOI'ﬂOﬂ or Descriptive M _
) Calculator This module calculates sample size for determining the frequency of a factor in a population.

e - Stze for % B ) Sample sizes are provided for confidence levels from 90% to 99.99%.
#{) Counts Sample Frequency in a Population (Random Samp!
% () Person Time A finite population correction will be applied if the population size is not large. For samples that are not
1000000 random or systematic, a design effect other than 1.0 may be entered. The calculated sample sizes are
Population sze ¥ lrpe. ave as one milion multiplied by the design effect.

# () Continuous Variables

Sample Size for Frequency in a Population

- LM

) Cohort/RCT

) Mean Difference STy .
| p re(’ I S I o n Hypothesized % frequency of ostcome factor in €(04+/-8

yalatio ze( for finite "'lv srection factor or fpe) ~—
Population size( for finite populajion correction factor or fpe 1000000

) Power : 1
M populaton (p)
Random numbers e =T - ~ v
J Confidence limits as %6 of 100(absolute +/- %) d): %
Design effect (for cluster surveys-DEFF) |

+{_) Searches

) Internet Links
Sample Skze(m) for Various Coafidence Levels

) Download OpenEpi
#{) Development Author(s)

Statistics

Kevin M. Sullivan, Emory University Sa

based on code from John C. Pezzullo Confidencelevel®s) “""
Interface —

Andrew G. Dean, Epilnformatics.com, - 2ga

and Roger A. Mir e "
s0% 165

Select, copy, and paste results to other programs or print from browser with Ctrl-P.

http://www.openepi.com/SampleSize/SSPropor.htm
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ple calculation

OpenEpi

Expand All | Collapse Start Enter Examples Help
¥ Home
#- 7 Info and Help
@ Language/Options/Settings Sample Size for Frequency in a Population
) Calculator
=3 Counts
) Std.Mort.Ratio Population size(for finite population correction factor or fpc)(N): 1000000
J Proportion Hypothesized % frequency of outcome factor in the population (p):20%+/~10 SN S/ sSpecC
) Two by Two Table Confidence limits as % of 100(absolute +/- %)(d): 10% p recis on
L) Dose-Response Design effect (for cluster surveys-DEFF): 1
) RbyCTable Sample Size(n) for Various Confidence Levels
_) Matched Case Control
) Screening ConfidenceLevel(%) Sample Size
-3 Person Time 95% 35 N4
) 1 Rate 80% 15
_) Compare 2 Rates 90% 25
-3 Continuous Variables 97% 43
) Mean CI 99% 60
() Median/%ile CI 99.9% 98
) ttest 99.99% 137
) ANOVA
#-) Sample Size Equation
) Power Sample size n = [DEFF*Np(1-p))/ [(d%/Z%;_q/2*(N-1)+p*(1-p)]
) Random numbers
43 Searches Results from OpenEpi, Version 3, open source calculator--SSPropor
) Google--Internet Print from the browser with ctrl-P
_) PubMed--MEDLARS or select text to copy and paste to other programs.
) Internet Links
) Download OpenEpi
® ) Development

21



Example calculation

Xcel Sheet

'@ (0] ™ sampsi worksheet V2.xlsx

CEOHE® XD oo SR E@Ed o ) »
| A Home Layout Tables Charts SmartArt | Formulas Data Review A L5
Al grmneen Nomzer Format Colis Tremas

Ecit Fomt
iﬂ . Calibei (Body) v 12 |v = === abcv ) Wrap Text + - General v [#;;, | . ' ..' ::,“ . UB

=>

A v [== = | o= 5= 53 v 0% sitora . ar
Poste LB | YU Di"A | (= =/ (EE25 | Mee - v % > | Condborsl gy actions  Themes A2

cell contents represent number of
reference standard positive participants
needed given (1) the guess for sensitivity
and () the desired level of precision

LNV HWN -

24 EXAMPLES OF CONFIRMATORY CALCULATIONS
25 # enrolled # Ref.St. pos. Sensitivity LL UL
26 230 35 90% 80% 100%

« < »» W sheet1 [/ + )
Normal View Ready Sum«=0 v
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Xpert NEJM

The NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 SEPTEMBER 9, 2010 VOL. 363 NO. 11

Rapid Molecular Detection of Tuberculosis
and Rifampin Resistance

Catharina C. Boehme, M.D., Pamela Nabeta, M.D., Doris Hillemann, Ph.D., Mark P. Nicol, Ph.D.,
Shubhada Shenai, Ph.D., Fiorella Krapp, M.D., Jenny Allen, B.Tech., Rasim Tahirli, M.D., Robert Blakemore, B.S.,
Roxana Rustomjee, M.D., Ph.D., Ana Milovic, M.S., Martin Jones, Ph.D., Sean M. O’Brien, Ph.D.,

David H. Persing, M.D., Ph.D., Sabine Ruesch-Gerdes, M.D., Eduardo Gotuzzo, M.D., Camilla Rodrigues, M.D.,
David Alland, M.D., and Mark D. Perkins, M.D.
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sens/specprecision n+ prevalence n

Group Sensitivity or | Confidence Required Average Required TB
specificity interval (CI) minimum prevalence among | suspects
target group size | TB suspects

S+, C+ 95% + 3% 203 18% 1128

s-, C+ 90% + 4.5% 171 11% 1554

Non-TB 98% + 1% 335 46% 728

Rif- resistant | 90% + 7% 71 5% 1420

Rif-sensitive | 95% + 3% 203 22% 922

All values were calculated based on the estimation procedure. Based on these calculations, a total
of 1550 patients with suspicion of PTB will be enrolled and tested according to the workflow
described in Figure 1 and 2. Each site shall therefore aim to enroll 310 patients. Confidence
intervals for per specimen analysis will be narrower than for per patient analysis. Calculations were
based on the following assumptions:

1. Performance targets:
The primary objective of this study is to assess whether the product specifications for the Xpert™
MTB have been met. The critical performance targets are as follows:

Sensitivity in smear- and culture-positive patients:
Minimum >90%, optional >95%; since the feasibility study results showed a sensitivity >95%, the
optional target was used for sample size calculation.

Sensitivity in smear-negative, culture-positive patients:

Minimum >60%, optional >90%; since we aim for a culture replacement test, the optional target
has been used for sample size calculation.

25



Xpert Lancet

Articles

Feasibility, diagnostic accuracy, and effectiveness of > W kS
decentralised use of the Xpert MTB/RIF test for diagnosis

of tuberculosis and multidrug resistance: a multicentre
implementation study

Catharina C Boehme, Mark P Nicol, Pamela Nabeta, Joy S Michael, Eduardo Gotuzzo, Rasim Tahirli, Ma Tarcela Gler, Robert Blakemore,

William Worodria, Christen Gray, Laurence Huang, Tatiana Caceres, Rafail Mehdiyev, Lawrence Raymond, Andrew Whitelaw,
Kalaiselvan Sagadevan, Heather Alexander, Heidi Albert, Frank Cobelens, Helen Cox, David Alland, Mark D Perkins
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prevalence

The sample size for this study is largely a reflection of WHO’s requirement to see a new test
evaluated in a geographically and otherwise representative number of routine settings. The sample
size calculation was largely driven by the need to assess Xpert in a variety of different settings
representative of the real-world situation in high burden countries. It will be important to determine
how dependant Xpert performance is on population factors (notably HIV prevalence), daily
workload, user skills and laboratory infrastructure aspects. We will have to assess whether the rate
of DNA contamination goes up over time, to follow the evolution of sensitivity and specificity and
the impact of laboratory technician’s fatigue, and to monitor the robustness of the assay in the field
(error rate, instrument robustness). All these endpoints require longer study duration and a variety
of sites.

Xpert sensitivity and specificity estimates were the primary endpoints for the minimum sample size
calculation during phase 1 (validation phase). Based on discussions with the participating centers,
we assumed a minimum average daily enrolment number per site of 5 patients and an average TB
prevalence of 15%.

The following minimum performance criteria were set as go/no go decision criteria for moving to
the next project phase
a) Xpert™ MTB/RIf sensitivity > 80% of culture positive cases (this should be the lower limit of
the confidence interval)
b) Xpert™ MTB/RIf specificity > 90% of culture negative cases (this should be the lower limit of
the confidence_interval) N+

For each site, enrolling 380 patients would provide 57 confirmed TB cases. A sensitivity of 90% or
above would produce a lower confident interval limit of at least 80%. Of the 323 remaining, 5-10%

would be of indeterminate diagnosisp—‘agwrscnjﬁs TB negative patients are sufficient to have
a lower confidence interval limit of atieast 90% with given the expected specificity of 98%.

This would leave us with an overall sample size need of 2660 TB suspects for phase 1 and an
enrolment duration for this phase of 3 months.

The overall sample size for the study (all phases) was also determined by Rifampicin resistance
endpoints. While the expected sensitivity is 95%, the lower limit of the confidence interval should
be at least 92% requiring at least 315 Rif-resistant cases among culture positives. With an MDR
prevalence rate of 5% across all sites, this would require a total enrolment of 6300 TB suspects.

27
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n
In total, 900 patients with suspicion of PTB will be enrolled. Each patient will provide two sputum samples.

In order to prove superiority of the specificity in the modified test compared to the original evaluation
results, we derived a minimum number of patients necessary for enrolment. We anticipate that the
modified test will have a specificity of approximately 98% compared to the previous 94.7% demonstrated
(97% being the minimum acceptable target). Proving superiority with 80% power and 95% confidence will
required 4el¥f51[él?1&aées in that case. We expect an overall prevalence of TB across the sites to be less
than approximately 30% which should comfortably provide the minimum number of patients to establish
statistically significant comparison.

N+
The roughly 250-300 culture positive anticipated in this study should be able to demonstrate whether the

sensitivity for culture positives remains roughly similar. For S-C+é)atie/nts an approximately 100 enrolees
: : . EreqlS.IOI]) . : . Sens sgec :

will provide a lower confidence limit of >40% if the point estimate is greater than 50%. For S+C+ patients,

an approximately 150-200 enrolees will provide a lower confidence limit of >93% if the point estimate is

similar to 97%.
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Sample size calculations were based on the number of sputum samples necessary to statistically determine
non-inferiority between each new test and the reference test MTBDRplusV1l given the stated non-
inferiority margins for RIF. INH will be evaluated as well. It is anticipated that sensitivity and specificity of
each of tests under investigation will be at or very near the same point estimate as the reference test. A
difference of 3% and 2% were deemed to be not clinically relevant for sensitivity and specificity,
respectively. The calculations are for 80% power and 95% confidence.

senlslspec“":
Sens Spec
Anticipated performance 98% 99%
) . : 1 20 o
Non Inf.erl.orlty Margin | | Eﬁ)TECISIO % 2%
Lower limit for 95% confidence interv 95% 97%
Sample size 270 307
1 prevalence n+ prevalence

The study will include 900 sputum samples of which approximately 70% or 630 will be C+. Half of the
positives will be RIF and/or INH resistant and half will not. This should be sufficient to demonstrate non-
inferiority for RIF within the above constraints.
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lake Home Points

Accuracy Studies

Sample size important for planning & ethics
Sample size calculations = predicting the future
Estimation-based better than power-based

Use simple tools available tfor calculation
Account for losses, clustering etc.

Beware of large sample approximations

32
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Problems with small numbers...

Large sample approximation

() Guessofsensitivity
Lowest Best
80% 90%
minimal = 20% 15 9
acceptable 10% 61 35
optimal 5% 246 13\8
I

sample size formulas rely on large sample approximations
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Problems with small numbers...

Large sample approximation

e Sensitivity: 95%, precision +10% —> n=18
e study results: 18"95% = 17.1 = 17
e study analysis: 17/18 = 94.4%

 multiple formulas to calculate confidence intervals
e sampsi. calc.: should be from ~85% to 100%
» Wald (large sample approx.): from 84% to 100%
* Fisher (exact): from 73% to 100%

sample size calculation should match analytic approach




Starting with the sample size...

...calculating attainable precision

o Sensitivity: 95%, n=100 —> precision 7
e study results: 100"95% = 95
o study analysis: 95/100 = 95%

e O5% C| 777
e Wald: from 91% to 99% (precision +4%)
e Fisher: from 89% to 98% (precision +3-6%)

37



Starting with the sample size...

...calculating attainable precision

e N =17:95%CI| from 73% to 100%

* N =35:95%CI from 81% to 99%

* n =40: 95%CI from 83% to 99%

* n =50: 95%CI from 86% to 100%

38



3

Prevalence

A modifiable driver of sample size

4 sampsi worksheet_V2.xlsx

RE TR @ ey @ ) »
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Layout
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ﬁ% . Calibri (Body)

Paste
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Moditying prevalence...

...by modifying selection criteria

 YOU can Iincrease prevalence
e Py selecting sites with high prevalence
* Dy selecting participants with high prevalence

« BUT #1: beware of spectrum bias (do not enrol based on
other test results)

o BUT #2: beware of spectrum effects, leading to reduced
generalizability

 BUT #3: being more restrictive with selection criteria will
reduce enrolment rate
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Accounting for losses

* May occur due to
e nsufficient # of samples or sputum volume
* Indeterminate results or cultures contaminated
* missing culture- or speciation result
« NTM
* other missing data / incomplete CRF
e drop-out
* efc.

* Account for this by inflating sample size
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Accounting for potential losses

...by inflating sample size
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Dealing with multiple

OUtCOMeES or 1ests

* Multiple outcomes: focus on primary outcome

* Multiple tests: focus on main comparison
Given chosen sample size you can still calculate
achievable precision for secondary outcomes or

comparisons

e If you MUST have adequate precision for multiple
outcomes or tests: pick larger sample size
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Comparative Studies

Superiority, equivalence & non-inferiority

» Superiority: index test is better than established
fest

 Equivalence: index test is the same or not
unacceptably ditferent™ from established test

decreasing “n” needed

 Non-inferiority: index test is not unacceptably
worse” than established test

* Equivalence & non-inferiority studies require
specification of a margin of equivalence/non-inferiority
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Comparative Studies

Superiority, equivalence & non-inferiority

« Superiority: index test is better than established test
e e.g. difference in sensitivity +30% (95%CI +20, +40)

 Equivalence: index test is as good as established test, given a pre-specified margin
e e.g. difference in sensitivity +0% (95%CI -5%, +5) for a pre-specified margin of +5%

* Non-inferiority: index test is either better than established test, or inferior but less than a

pre-specified margin
* e.g. difference in sensitivity -3% (95%CI -5%, -1%) for a pre-specified margin of -5%
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Superiority Equival ence Non-in feriority

Source: Schumi J, Wittes JT. Through the looking glass: understanding non-inferiority. Trials. 2011;12(1):106.
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Design and Analysis of
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Clustered Designs

o Clustered designs require increases sample size
= need to account for between-cluster variation

« Design Effect / variance inflation factor (Deff)

e ratio of actual variance for a given sampling design to variance
assuming the same sample size, but using simple random
sampling without replacement

e Deff =1+ (M-1)*ICC [m: number of observations per cluster)

* Intraclass correlation coefficient (ICC)

e describes how strongly units in the same group resemble each
other, compared to resemblance across groups

o |CC = between-cluster variance / total variance [total variance =
between-cluster+within-cluster variance]
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Sample size for

impact



Sample size for impact

How is it different from sample size for accuracy?

1. Questions about impact are comparative

* e.g. we are interested in the difference/ratio of two
proportions (rather than just one proportion)

= need different formulas

2. Questions about impact are not always about proportions

* Proportion e.g. reduction in % LTFU, % untavourable
treatment outcome, % mortality

 Time to event e.g. reduction in time to Dx/Rx, time to smear
status conversion

* Continuous e€.g. reduction in morbidity score
= need different formulas for different variable types
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Sample size for impact

How is it different from sample size for accuracy?

1. Questions about impact are comparative

* e.g. we are interested in the difference/ratio of two
proportions (rather than just one proportion)
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2. Questions about impact are not always about proportions

* Proportion e.g. reduction in % LTFU, % untavourable
treatment outcome, % mortality

= need different formulas for different variable types
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Predicting the future

Necessary Quantities for sample size calculation

1. Expected baseline proportion

2. Expected proportion in intervention group (or or
risk ratio or risk difference)

3. Desired precision around risk ratio / risk difference
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Example calculation

Hand calculation

1. Expected baseline proportion: 10%

1-P1 | 1-P,
Py P
In(1 — precision)?

n= (1.96)2

2. Expected proportion in intervention
group. 5% 1-01 | 1-0.05

— 1 2 0.1 0.05
n=(196)"y T70.2)

3. Desired precision around risk ratio: -
20% (I.e. we expect RR=0.5 with n~ 3845
95%Cl1 0.4, 0.6)

n= 2,160
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Example calculation

Sample Size Table

Table 8 (continued)

precision

(b) Confidence level 95%, relative precision 20%

RR| 1.00 1.25 1.60 ~ 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00

& RR

0.01 156276 13733 12705 11970 11419 10990 10647 10367 10133 9936 9766 9619 9490 9377 9276 9186 9104
0.02 7561 6790 6275 5908 5633 5418 5247 5107 4990 4891 4806 4732 4668 4611 4561 4516 4475
0.03 4990 4475 4132 3887 3704 3561 3447 3353 3275 3209 31563 3104 3061 3023 2989 2859 2932
0.04 3704 3318 3061 2877 SETTIG . 2632 2546 2476 2418 2368 2326 2289 2257 2229 2204 2181 2161
0.06 2932 2624 2418 2271 2075 2006 1950 1904 1864 1830 1801 1775 1752 1732 1714 1698

0.3b 287 243 214 193 177 165 1556 147
0.40 232 193 168 149 136 125 116

0.45 189 1656 132 116 103

0.60 165 124 103 89 78

Since RR=P,/P,, RR<1/P,.
For RR <1, use the column value corresponding to 1/AR and the row value corresponding to P,.

SOURCE: Lwanga SK, LEMESHOW S. Sample size determination in health studies. WHO Library. 1991
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| iterature Examples for impact
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Xpert XTEND

Xpert MTB/RIF vs microscopy as the first
line TB test in South Africa: mortality,
yield, initial loss to follow up and
proportion treated. The XTEND study

GJ Churchyard
On behalf of the XTEND team
(Xpert for TB - Evaluating a New Diagnostic)
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6.1.1. Primary outcome: early mortality among TB suspects

The sample size estimates are based on 6 month mortality among TB suspects. Data from
Western Cape and Kwa-Zulu Natal in South Africa suggest a mortality of 2-11% at 2 months
(Western Cape, M Nicol personal communication; Kwa-Zulu Natal, amongst TB suspects). In
the Kwa-Zulu Natal study, of those with known HIV status, the HIV prevalence was 84%.

Assuming a six month mortality among TB suspects of 5% in the “standard of care arm”, 10
clusters per arm, 220 TB suspects per cluster and a coefficient of variation of 0.25, there would
be approximately 90% power to detect a 50% reduction of mortality in the Xpert MTB/RIF arm. If
the coefficient of variation is 0.3 we would have 87% power to detect a 50% reduction (Table

61).

Table 61. The power for various scenarios where the total number of clusters per arm is fixed at

10.

Necessary Quantities for

sample size calculation

1. Expected baseline proportion

2. Expected proportion in intervention group (or or
risk ratio or risk difference)

3. Desired precision around risk ratio / risk difference
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% mortality at | % #1B Power Power
6 months in | reduction | suspects (k=0.25) (k=0.30)
SoC arm) per cluster
5% 50% 300 .95 91
50% 220 91 .87
50% 200 .90 .86
50% 100 .70 .66
7.5% 50% 300 .98 .96
50% 220 97 .93
50% 200 .96 .92
50% 100 .83 .78
7.5% 40% 300 .87 .79
40% 220 .83 74
40% 200 .80 72
40% 100 .61 .55
10% 50% 300 99 .97
50% 220 .98 .96
50% 200 .98 .95
50% 100 90 .86
10% 40% 300 91 .83
40% 220 .87 .79
40% 200 .86 .78
40% 100 .70 .63




Xpert IBNEAI

Articles

Feasibility, accuracy, and clinical effect of point-of-care Xpert @ x ®)
MTB/RIF testing for tuberculosis in primary-care settings in
Africa: a multicentre, randomised, controlled trial

Grant Theron, Lynn Zijenah, Duncan Chanda, Petra Clowes, Andrea Rachow, Maia Lesosky, Wilbert Bara, Stanley Mungofa, Madhukar Pai,
Michael Hoelscher, David Dowdy, Alex Pym, Peter Mwaba, Peter Mason, Jonny Peter, Keertan Dheda, for the TB-NEAT team*
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4. A priori sample size calculations for morbidity (TBscore and Karnofsky performance score)

TBscore: We projected the difference in TBscore between arms to be one (the minimally important clinical
difference). We assumed, based on previous studies,” that the within group standard deviation would be two
points in each arm. With an alpha value of 5% (two-sided) and a desired power of 80%, and assuming equal
numbers in each arm, we required approximately 63 culture-positive patients in each arm. To account for deaths,
loss to follow-up, withdrawals, and missing data, we inflated this by 30% (~82 culture-positive). We
conservatively estimated the overall study TB prevalence¢o be 15%, meaning we aimed to recruit ~550 patients
in each arm.

Karnofsky performance score: We based our calculations on<€@ia from a study in 147 patients with suspected
TB from South Africa’, where culture-positive patients with a baseline (IQR) KPS of 70 (60-80) improved to a
score of 90 (80-90) after two months of anti-TB treatment. We calculated that, in order to detect a difference in
KPS of 10 (i.e. the minimum change of one grade on the scale shown in Table S2) and assuming a standard
deviation of 20, with power of 80% and an alpha of 0.05, we would need 63 culture-positive patients in each
arm. Inflating this by 30% to account for early deaths, loss to follow-up, withdrawals, and missing data, meant
we would need to recruit 82 culture-positive patients in each arm or, at an assumed conservative prevalence of
15%, 546 patients in each arm.

S. Post hoc sensitivity calculations for morbidity (TBscore and Karnofsky performance score)

All sites

At two months we had 87 and 108 culture-positive patients in the smear microscopy and MTB/RIF arms who
were initiated on treatment and seen within two weeks of their desired follow-up date, with mean (SD) TBscores
of 2.184 (2.060) and 2.065 (1.866), respectively, and mean KPSs of 85.29 (14.77) and 85.13 (11.64),
respectively. At six months, there were 80 and 97 culture-positive patients in each arm who were initiated on
treatment and seen within two weeks, with mean TBscores of 1.488 (1.661) and 1.691 (1.692), respectively, and
mean KPSs of 97.28 (8.064) and 95.05 (13.080), respectively. Post-hoc sample size calculations show 80%
power (a = 0.05) to detect an effect size of 0.4151 and 0.4354 or a difference between the means of 0.8150 and

0.7301 for TBscore and 5.481 and 4.6030 for KPS at two and six months, respectively — less than the minimally
important clinical difference of one sign or symptom at each time point or one grade on the KPS scale.
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Xpert weekly cRCT

OPEN @ ACCESS Freely available online ‘@ PLOS | mepicine

Impact of Xpert MTB/RIF for TB Diagnosis in a Primary
Care Clinic with High TB and HIV Prevalence in South sy
Africa: A Pragmatic Randomised Trial

Helen S. Cox'%*, Slindile Mbhele3, Neisha Mohess3, Andrew Whitelaw>?, Odelia Muller?,

Widaad Zemanay?, Francesca Little®, Virginia Azevedo®, John Simpson®, Catharina C. Boehme?,
Mark P Nicol’

1 Division of Medical Microbiology and Institute for Infectious Diseases and Molecular Medicine, University of Cape Town, Cape Town, South Africa, 2 Médecins Sans
Frontiéres, Khayelitsha, South Africa, 3 Division of Medical Microbiology, University of Cape Town, Cape Town, South Africa, 4 National Health Laboratory Service,
Johannesburg, South Africa, 5 Department of Statistical Science, University of Cape Town, Cape Town, South Africa, 6 Khayelitsha Health, City of Cape Town, Cape Town,
South Africa, 7 Foundation for Innovative New Diagnostics, Geneva, Switzerland
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'T'he sample size was calculated based on afyexpected higher yield
of bacteriologically confirmed TB cases of 20% to 30% among
individuals with presumptive 1B in the Xpert arm compared to the
routine arm (80% power and one-sided significance p<<0.03). We
assumed 40 patients would be seen per week and assumed a weak
intra-cluster correlation coethicient of 0.05, resulting in a design
eftect of 3 and a required sample size of 882 per study arm.

Sample Size and Statistical Analysis%

61



lake Home Points

Impact Studies

 Need different formulas because
e they ask comparative questions
e they may look at outcomes other than proportions

e Estimation-based better than power-based

e can be difficult for some outcomes (requiring
distributional assumptions or non-parametric
approaches)

o Use simple tools available for calculation

e Account for losses, clustering etc.
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