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Would that I could discover truth 
as easily as I can uncover falsehood. 

–Cisero (44 B.C.) 
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Trial Synopsis:  
Corbett et al. Lancet 2010  

• Population: Adults, cough ≥ 2 weeks, Harare 
• Intervention: Mobile van 
• Comparator: … vs. door-to-door visits for 

community-wide active case finding 
• Outcome: Cumulative SS+ TB detected per 

1000 subjects 
– Change in prevalence of Cx+ TB in randomly 

selected HHs 



Trial Synopsis:  
Corbett et al. Lancet 2010  

• Results: 
– ITT analysis 
– 46 study clusters, ~115,000 individuals 
– Mobile van 255/5466 vs. 137/4711 door-to-door  

• RR 1.48, 95% CI 1.11–1.96, p<.01 favoring mobile van  



Cluster Randomization I 

• Randomization at the group level 
• Appropriate if exposure is a group level 

exposure (e.g., public health or social 
intervention) 

• Feasibility 
• Minimizes “contamination” 



Cluster Randomization II 

• Reduced statistical power  
– Members of a group (cluster) resemble each other 

more than they resemble members of other groups 
(clusters) = FEWER independent observations  
 

– Intraclass Correlation Coefficient (ICC) 
• Ratio of between-cluster variance to total variance 

– ICC=1 : complete (perfect) correlation 
– ICC=0 : no correlation (independent obs) 
– Typically 0.001 - 0.05 



Effective Sample Size (ESS) 

ICC(ρ) DE Ne 

0 1.0 115,000 

0.001 3.5 33,000 

0.01 26 4,400 

0.1 251 460 

0.5 1251 92 

1 2500 46 

ESS= mk/DE 
 
k = 46 clusters 
m = ~2500 people/cluster 
Total n = 115,000 

• Design Effect 
• Penalty for using a clustered design 
• Ratio of variance under cluster randomization to 

variance assoc with a simple random sample of 
same number 

• DE=1+(m‐1) ρ 
 



Cluster Randomization III: Accounting 
for clustering effect 

• “The practice of ignoring clustering in the 
design stage of a trial can lead to type 2 error, 
while ignoring it at the analysis phase 
inevitably leads to type I error.” – Campbell 
2007 
– Design Phase: Standard sample size calcs = 

underpowered for CRT’s 
– Analysis Phase: Not accounting for clustering gives 

falsely tight CI’s 
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Synopsis: Churchyard et al., Thorax 
2011 

• Population: 22,634 South African miners 
followed for median 2 years 

• Intervention: 6-monthly vs. …. 
• Comparator: standard 12-monthly radiological 

screening for active TB case-finding among 
gold miners 

• Outcome: Proportion of total cases diagnosed 
during study period 
– Secondary: Extent of disease, mortality 

 



Churchyard et al., Thorax 2011 

• Results: Similar proportion detected in both 
screening  arms 
– 6-monthly: 29.4% (197/679); 12-monthly: 28.3% 

(179/632) 

 



 



Intent-to-Treat 

• Analyze subjects as they were randomized, 
regardless of adherence, withdrawals or cross-
overs 
– “as treated” analysis: based on treatment actually 

received 
– “per protocol” analysis: includes ONLY those who 

actually followed protocol (eg, non-adherers dropped) 
• Ensures benefits of randomization maintained  
• Considered a conservative estimate of the 

treatment effect 
• Best approximation of treatment effectiveness  



Intent-to-Treat 

Intervention  
Assignment 

Intervention 

“Latent”  
Factors 

Response 

Z 

X 

Y 

U 

Modified from Pearl, Causality 2009 

E(Y|Z=1)-E(Y|Z=0)   
E(X|Z=1)-E(X|Z=0) 
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    A Multi-Country Non-Inferiority 
Cluster Randomized Trial of 
Frontloaded Smear Microscopy 
for the Diagnosis of Pulmonary 
Tuberculosis 

      Luis Eduardo Cuevas1,2*, Mohammed Ahmed Yassin1, Najla Al-
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Anderson de Cuevas1, Kristin Kremer11, Dick van Soolingen11, Carl-
Michael Nathanson2, Jean Joly2, Brian Faragher1, Stephen Bertel 
Squire1, Andrew Ramsay2 

 
 



Trial Synopsis - 
Cuevas et al. 

• Population: Adults with cough ≥ 2 weeks living 
in 4 low-income countries 

• Intervention:  Front-loaded (spot-spot-
morning (SSM)) 

• Comparator: … vs. standard (spot-morning-
spot (SMS)) sputum smear collection 

• Outcome: Diagnostic accuracy 
– culture (x1) gold standard 



Trial Results –  
Cuevas et al. 

• Analysis  
– Block-randomization by week  
– Non-inferiority interval: 0 to −5% 

• 6,467 TB suspects with culture performed 
– 222 randomized weeks (114 standard, 108 front-loaded)  
– 1,224 (18.5%) SS+ 
– 1,561 (24.1%) culture-positive  

• Sensitivity  
– SSM (70.2%, 95% CI 66.5% – 73.9%) non-inferior to SMS 

(65.9%, 95% CI 62.3%–69.5%) 
• Difference: 4.3% (95% CI 0.6% to 9.0%) 

– SS (63.6%, 95% CI 59.7%–67.5%) also non-inferior to SM (64.8%, 
95% CI 61.3%–68.3%) 

• Difference: −1.2% (95% CI −3.9% to 6.4%) 



Why do a Non-inferiority/Equivalence 
Trial? 

• New treatment/intervention is expected to match 
efficacy of the standard  

    BUT may have advantages with regards to: 
 

– Safety 
– Convenience 
– Cost 
– Side effects 

 
• Not ethical to use placebo as a comparison group 

Piaggio, 2006 



Definitions 
• Superiority trials 

– Seek to show that new treatment is different from (better than) an 
existing treatment 

– H0:  μ test = μact 
– Ha:  μ test > μact 

• Equivalence trials  
– Seek to show that new treatment differs from an existing treatment by 

no more than a pre-specified amount (equivalence margin, -/+∆) 
– H0: μ test ≠ μact 
– Ha: μ test = μact       or     -∆ < μtest – μact < ∆ 

• Non-inferiority trials 
– Seek to show that new treatment is no worse than an existing 

treatment by a pre-specified amount (noninferiority margin, -∆) 
– H0:  μ test < μact 
– Ha:  μ test ≥ μact        or          μtest – μact ≥ -∆ 

 
 

 
Christensen, 2007 



  

Jones BMJ 1996 



Margin of Equivalence 

• “Margin of Equivalence” (∆) must be 
established a priori  
– A difference of means 
– A difference of proportions 
– Risk ratios (relative risk) 

• Generally smaller than in superiority trials 
• Examples:  

– No larger than the smallest difference between standard txt 
and placebo demonstrated in RCT’s (Temple, 2000) 

– The smallest value that would be a clinically important 
effect (Piaggio, 2006) 

– No more than ½ the value used in a superiority trial 
(Christenson, 2007) 



Natural Incentives Towards  Internal 
Validity 

    Common sources of bias in a clinical trial tend 
to obscure differences between treatment 
groups 

 
• Nonadherence 
• Drop-outs 
• Missing data 
• Cross-overs 
• Use of concomitant therapy potentially affecting study outcome 
 
Both intention-to-treat and per-protocol 
analyses should be presented 

Piaggio, 2006 



• Make the correct hypothesis 
– Absence of evidence (of a difference) must not be confused 

with evidence of absence (of a difference)  
– The observation of a lack of a difference between 2 treatments 

cannot automatically be used as evidence of equivalence. 

• A margin of equivalence should be justified a priori and 
used for sample size calculation 

• Loss to follow up, withdrawals, or compliance issues can 
bias results towards accepting equivalence 

• Perform both ITT & PP analyses 
• Follow reporting guidelines 

Non-inferiority Trials: Summary 
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Trial Synopsis: 
Boehme et al., Cape Town Site  

• Population: Adults, cough ≥ 2 weeks, health 
center or provincial hospital, Cape Town 

• Intervention:  Weekly alternation of Xpert 
MTB/RIF x 1 

• Comparator: … vs. routine smear 
microscopy/culture (2 FM smears and 1 MGIT 
culture) 

• Outcome: Diagnostic accuracy 
– culture as gold standard 



Blinding 

   “Masking, which was not necessary in South 
Africa due to study design, was accomplished 
at the other sites by having different staff do 
smear microscopy and MTB/RIF testing.” 



Levels of Blinding 
PARTICIPANTS 

INVESTIGATORS 

ASSESSORS 

DATA ANALYZERS 

 
• Single Blinding 
 

 
• Double Blinding 
 
 

• Triple Blinding 
 

 
• Quadruple Blinding 

Schulz, 2002 



Blinding 

Intervention  
Assignment 

Intervention 

Response 

Z 

X 

Y 

Modified from Pearl, Causality 2009 



Conclusions 

 



Diagnostic RCTs: 
Methodological Lessons Learned 

• For TB, patient-important outcomes?? 
• More comprehensive view of test evaluation 
• Rare 

– Expensive 
– Time-intensive 
– Sample size requirements 
– Ethical limitations 
– Not always necessary 
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