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g0 . The ColdChaint

Camel with solar electricity powered refrigerator with vaccines being kept in the cold chain.
Image courtesy of Naps Systems Oy, Finland, in Halloran, Longini and Struchiner (2009)
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Cluster Randomised Trials: A Practical Approach (Interdisciplinary Statistics) 4
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Today’s Talk

» General design and analysis

* What is estimated and tested

* How to interpret estimated effects
» Examples
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General Considerations

Several populations needed for inference

Should be comparable for characteristics related to
transmission, covariates — matching

Should be separated as much as possible with respect to

transmission

subpopulations within larger populations can also be compared
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Design considerations in
group-randomized studies

Design consideration

Primary and secondary questions of interest
Vaccine and vaccination strategy, active control?
Clinical endpoints

Study population and subpopulations

Sources of transmission

Case ascertainment

Choice of randomization unit at the group level
Allocation mechanism at the individual level:

—— randomization or observational

8
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What is Being Measured?




Vaccine efficacy and effectiveness

e Vaccine efficacy for susceptibility, VEg:

— direct protective effects

— sometimes outcome is infection, sometimes disease
e Vaccine efficacy for progression, VEp

— after being infected, the effect on probability of developing symp-
toms (pathogenicity)

— or after developing symptoms, probability of severe disease
e Vaccine efficacy for infectiousness, VE;

— the effect in reducing transmission from a vaccinated compared
to an unvaccinated infected person.

e Vaccine efficacy if both are vaccinated, VEr

— the effect in reducing transmission if both infected and suscep-
tible are vaccinated compared to if neither are vaccinated.



Vaccine efficacy and effectiveness

e Direct effects
— direct protective effects in person who 1s vaccinated
e Indirect effects

— effects of widespread vaccination on someone who 1S not vac-
cinated

e Total Effects

— possibly synergistic effect of being vaccinated and widespread
vaccination on someone who is vaccinated

e Overall effects

— overall population effect, say, reduction in incidence, of widespread
vaccination.



Table: Parameters used for measuring various effects of vaccination:

Level Parameter
choice

Comparison groups and effect

Susceptibility

Infectiousness Combined change in

susce ptibility and
infectiousness

Conditional on
exposure:

| Transmission
probability

Unconditional:
Il Incidence

or hazard
rate, IR, A

Il Proport.
hazards, PH

IV Cumulative

incidence

VEs ot =1— 21

VE;,P=1—§GL VET ,=1- 2

P Pon
Study design
| A ]z I
direct indirect total overall
IR IR IR IR
VE =1— A1 VE =1 — A0 VE =1 — A1 VE =1 — A
S.IR TRao IIA IR Rgo 1B IR Rgo i IR R,
A A by A
VE =1 JAl VE =1 — A0 VE =1 — Al VE =1 A
S.A a0 1A, A Xao HE, X Xgo /[ Xg.
VEs py = 1 — €1 NA NA NA

Cl
VEs ¢ =1-— t]ﬂé

cl Cl
VEjua,cr =1 - C]é% VEig,c1 =1 — c]ét

Cl
VEm,ca=1- tré'—

+ From Halloran, Struchiner, Longini, Am. J. Epidemiol 1997; 146;789-803.
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Vaccine Effectiveness 13

Intervention Control
Population: 1/\ Overall ‘Population: 2

Direct Indirect




Vaccine Effectiveness 14

Intervention Control
Population: 1/\ Overall ‘Population: 2

VE,... = 1- (AR, ./ AR,)

overall — lave

Direct Indirect
VEdirect =1- (ARlv / ARIu) VE. =1- (ARlu / ARzu)

indirect —

Total VE_, =1-(AR,,/AR,)
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Vaccine Effectiveness Gradient

Population: 1 A

Overall

]

Direct

‘Population: 2

Direct

Indirect
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Vaccination Coverages, Average Incidence Rates and Direct Effectiveness (Calibration Runs) 16

Mean Cases/1000
(95% CI)
Mean Direct
Effectiveness (%)
Vaccination Coverage (%) Placebo Vaccinated (95% CI)
Target Overall
Population Population = Observed Simulated Observed Simulated Observed  Simulated
14 9 7.0 7.8 2.7 2.8 62 65
(6.5,7.5) (1.9,14.8) (1.9,3.5) (0.5,6.1) (52,77)
31 20 5.9 4.7 2.5 1.7 58 65
(54,64) (09,10.2) (2.0,3.0) (0.3,3.8) (55, 76)
38 25 4.7 3.8 1.6 1.3 67 65
4.2,5.2) (0.8,8.6) (1.2,2.00 (0.2,3.4) (54, 77)
46 30 4.7 2.8 2.3 1.0 52 66
4.2,5.2) (05,6.8) (1.9,2.7) (0.1,2.5) (54,79)
58 38 1.5 1.8 1.3 0.6 14 66
(1.2,1.8) (0.3,4.8) (1.0,1.6) (0.1,1.8) (51, 80)

X2 goodness-of-fit test for frequency data p = 0.84
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Source: Longini, et al. PloS, Medicine 4 (2007).
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Average Indirect, Total and Overall Effectiveness of Vaccination,

and Cases Prevented 10,000 Per Doses

17

Mean Effectiveness (%)

(95%CI)
Vaccination Mean # Cases Prevented
_overage (%) Indirect Total Overall per 10,000 Doses
10 30 76 34 50
(-39, 83) 47, 95) (-30, 84)
30 70 90 76 40
(31, 93) (76, 98) (44, 95)
50 89 97 93 30
(72, 98) 91, 99) (82, 99)
70 97 99 98 20
(91, 99) (97, 100) (95, 100)
90 99 100 100 20
(98, 100) (99, 100) (99, 100)

Source: Longini, et al. PloS, Medicine 4 (2007).
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Sample Size and Power
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Two Important Measures

» [ he coetficient of variation k:

» standard deviation divided by the mean of the incidence rate,
or other outcome measure of interest such as proportions
(attack rates) or mean of a continuous variable in the groups
in the study.
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1

Sample Size for Parallel Design

» |f the outcome is based on person-time, let ¥ denote the
person-time of follow-up in each group.

¢ [ hen the number of groups required in each arm is

)Q(Ao + A1)y + k2 (A3 + A%)_

V=1t Gt 2 (Ao — A1)?

» [ he design effect on the sample size associated with the
group-randomization can be estimated by dividing the
equation by the corresponding equation for individual effects.

Source: Hayes and Bennett: Internat J Epidemiol 28, 319-26 (1999)
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Examples

e Cluster Randomized Influenza vaccine trial
iIn Senegal

Monday, Session 1: Seasonal and pandemic
iInfluenza vaccines research and development,
talk by Dr. Aldiouma Diallo

 HIV Reductions Due to STD Treatment in
Mwanza, Tanzania, 1991-94
Grosskurth, et al., Lancet 346, 530-36 (1995)

Hayes and Bennett: Internat J Epidemiol 28,
319-26 (1999)
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Sample Size Calculations for HIV Reductions Due to STD Treatment

in Mwanza, Tanzania (power = 0.8, a = 0.05) 23

35 =

Number of matched pairs required

100 150 200 250 300 350 400 450 500 550 600 6SD 700 750 8O0 850 600 @S0 1000 1050 1100 1150 1200
Individuals per community

Source: Hayes and Bennett: Internat J Epidemiol 28, 319-26 (1999)
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Study Area Matching

: S e N «s+ Railway
0 25 S0 km . .- == Railway

Figure 1. Map of Mwanza region

Numbered circles indicate location of six pairs of study communities;
intervention communities are shown in black circles.

Source: Grosskurth, et al., Lancet 346, 530-36 (1995)
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HIV incidence over 2 years in intervention and comparison
communities, and crude and adjusted risk ratios

Crude RR Adjusted RR*
{95% CI) {95% Cl)

Matched pair/stratum

1 Rural 0-62 0-59

2 Islands 0-62 0-65

3 Roadside 0-82 {)-88

4 Lakeshore 0-59 0-62

5 Lakeshore 0-36 0-35

& Rural 0-50 0-50

Overall _ 0-57+ (0-42-0.T6) 0-58% (0-42-0-79)

"Adjusted for potential confounders. TGeometrlc mean.

Source: Grosskurth, et al., Lancet 346, 530-36 (1995)
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The End




