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Active-control trials

• Experimental treatment is compared with an 
established treatment

• Performed when the inclusion of a placebo 
control group is deemed to be unethical

• Often designed as non-inferiority trials
• For time-to-event outcomes, the standard 

primary metric is: rate ratio, hazard ratio, or 
rate difference



Structure

• Three examples where standard analytical approach 
is misleading

• Introduce new metric
• Re-analyse the three examples
• Challenges in estimating new metric
• Sample size
• Conclusions



Vaccine efficacy 
against COVID-19

~95% 

~80%
(if prime-boost 
interval > 12 weeks) 



Alternative history

• Imagine that BNT162b2 was developed and licensed 
before ChAdOx1

• We conduct an active-control trial to evaluate 
ChAdOx1, with BNT162b2 as the control arm

• Primary endpoint of COVID-19



Results from hypothetical trial
BNT162b2 ChAdOx1

PYFU per arm 10,000 10,000
Observed COVID-19 cases 20 80
Rate ratio 
(90% CI)

REF 4.00 
(2.61-6.32)



Results from hypothetical trial
BNT162b2 ChAdOx1

PYFU per arm 10,000 10,000
Observed COVID-19 cases 20 80
Rate ratio 
(90% CI)

REF 4.00 
(2.61-6.32)

Vaccine efficacy (%) 95 80
COVID-19 cases if subjects had not
been vaccinated

400 400

COVID-19 cases averted 380 320





BRIEF trial – summary

• Compared short regimen (1-month) against standard (9-
month) regimen

• Primary endpoint: diagnosis of tuberculosis, or death from 
tuberculosis or unknown cause

• NI margin: 1.25 per 100 PYFU for the rate difference
• Assumed incidence of 2 per 100 PYFU in the 9-month arm

Group PFYU Endpoints Incidence rate 
(per 100 PYFU)

Rate difference
(95% CI)

9-month 4896 33 0.67 REF

1-month 4926 32 0.65 -0.02 (-0.35, 0.30)



Interpretation

• “We found that 1 month of daily rifapentine plus 
isoniazid was noninferior to daily isoniazid for 9 
months for the prevention of tuberculosis in HIV-
infected adults and adolescents.”

• Results are consistent with two explanations
– the two regimens are both effective (to a similar 

degree)
– both regimens are ineffective 



HIV pre-exposure prophylaxis (PrEP) 

• Taking antiretroviral drugs around the time of sex to 
prevent the acquisition of infection

• TDF-FTC (Truvada) was first drug approved for PrEP
• Strong evidence that TDF-FTC is highly protective 

(>95%) if adhere to regimen 
• Several active-control trials have been performed 

(with TDF-FTC as control arm)



Study Incidence rate* Rate ratio 
(90% CI)TDF-FTC PrEP X

A 0 (0) 0 (0) Undefined

B 1 (20) 1 (20) 1.00 
(0.56,1.77)

C 2 (40) 2 (40) 1.00 
(0.66,1.48)

* per 100 PY (number of endpoints)
2000 PYFU per arm



Study Incidence rate* Rate ratio 
(90% CI)Placebo TDF-FTC PrEP X

A 5 0 (0) 0 (0) Undefined

B 5 1 (20) 1 (20) 1.00 
(0.56,1.77)

C 5 2 (40) 2 (40) 1.00 
(0.66,1.48)

* per 100 PY (number of endpoints)
2000 PYFU per arm



Study Incidence rate* Rate ratio
(90% CI)Placebo TDF-FTC PrEP X

A 1 (20) 2 (40) 2.00 
(1.27,3.14)

B 1 (20) 2 (40) 2.00 
(1.27,3.14)

C 1 (20) 2 (40) 2.00 
(1.27,3.14)

* per 100 PY (number of endpoints)
2000 PY observation per arm



Study Incidence rate* Rate ratio
(90% CI)Placebo TDF-FTC PrEP X

A 2 1 (20) 2 (40) 2.00 
(1.27,3.14)

B 5 1 (20) 2 (40) 2.00 
(1.27,3.14)

C 10 1 (20) 2 (40) 2.00 
(1.27,3.14)

* per 100 PY (number of endpoints)
2000 PY observation per arm



Conclusion

• Valid interpretation of an active-control HIV 
PrEP trial must consider the HIV incidence that 
would have been observed in a hypothetical 
placebo group (counterfactual HIV incidence)



Averted infections ratio (AIR)

AIR =
λ! − λ"
λ! − λ#

λ  = incidence rate
P= placebo arm, E= experimental arm, C = control  
arm (TDF-FTC)



• AIR measures the proportion of infections that 
would be averted by using the experimental drug 
rather than the control drug

AIR = 1: two drugs equally effective
AIR < 1: new drug less effective
AIR > 1: new drug more effective

• Natural “preservation of effect” measure for non-
inferiority trials

• Conclusions about non-inferiority based on the 
lower confidence limit



Study Incidence rate* Rate ratio 
(90% CI)TDF-FTC PrEP X

A 5 0 (0) 0 (0) Undefined

B 5 1 (20) 1 (20) 1.00 
(0.56,1.77)

C 5 2 (40) 2 (40) 1.00 
(0.66,1.48)

* per 100 PY (number of endpoints)
2000 PYFU per arm



Study Incidence rate* Rate ratio 
(90% CI)

AIR
(90% CI)Placebo TDF-FTC PrEP X

A 5 0 (0) 0 (0) Undefined 1.00
(0.98,1.02)

B 5 1 (20) 1 (20) 1.00 
(0.56,1.77)

1.00 
(0.88,1.14)

C 5 2 (40) 2 (40) 1.00 
(0.66,1.48)

1.00
(0.78, 1.28)

* per 100 PY (number of endpoints)
2000 PY observation per arm



Study Incidence rate* Rate ratio 
(90% CI)TDF-FTC PrEP X

A 2 0 (0) 0 (0) Undefined

B 5 1 (20) 1 (20) 1.00 
(0.56,1.77)

C 10 2 (40) 2 (40) 1.00 
(0.66,1.48)

* per 100 PY (number of endpoints)
2000 PYFU per arm



Study Incidence rate* Rate ratio
(90% CI)

AIR
(90% CI)Placebo TDF-FTC PrEP X

A 2 1 (20) 2 (40) 2.00 
(1.27,3.14)

0.0
(ND)

B 5 1 (20) 2 (40) 2.00 
(1.27,3.14)

0.75
(0.62,0.91)

C 10 1 (20) 2 (40) 2.00 
(1.27,3.14)

0.89
(0.82,0.96)

* per 100 PY (number of endpoints)
2000 PY observation per arm





DISCOVER – design

• Meta-analysis of three previous HIV prevention 
studies of TDF/FTC versus placebo, yielded 
– expected HIV incidence of 1.44 infections per 100 

PYFU in TDF/FTC group
– rate ratio between the placebo and TDF/FTC 

groups of 5.1 (95% CI 2.64–9.70). 
• Non-inferiority margin of 1.62 to preserve at least 

50% of the effect of TDF/FTC 
• 5000 PFYU per arm achieves 82.5% power to 

establish non-inferiority of TAF/FTF to TDF/FTC



DISCOVER – primary results

Group No. 
subjects

PYFU Incident 
HIV 
infections

Incidence 
rate (per 
100 PYFU)

Rate ratio 
(95% CI)

TDF/FTC 2693 4386 11 0.251 REF
TAF/FTC 2694 4370 6 0.137 0.55 

(0.20,1.48)

• Incidence much lower than expected
• Established non-inferiority (1.48 < 1.62) just 



DISCOVER – tweaked results
Incident HIV 
infections

Rate ratio 
(95% CI)

Inference

TDF/FTC TAF/FTC
Observed 
data

11 6 0.55 (0.20,1.48) Non-inferiority of 
TAF/FTC 
demonstrated 

1 additional 
infection* 

11 7 0.64 (0.25,1.65) Non-inferiority of 
TAF/FTC not
demonstrated 

3 fewer 
infections*

11 3 0.27 (0.08,0.98) Superiority of 
TAF/FTC 
demonstrated

* in TAF/FTC arm





Averted infections ratio (AIR)

AIR =
λ! − λ"
λ! − λ#

λ  = incidence rate
P= placebo arm, E= experimental arm, C = control  
arm (TDF-FTC)





DISCOVER – tweaked results
Incident HIV 
infections

Rate ratio 
(95% CI)

Inference

TDF/FTC TAF/FTC
Observed 
data

11 6 0.55 (0.20,1.48) Non-inferiority of 
TAF/FTC 
demonstrated 

1 additional 
infection* 

11 7 0.64 (0.25,1.65) Non-inferiority of 
TAF/FTC not
demonstrated 

3 fewer 
infections*

11 3 0.27 (0.08,0.98) Superiority of 
TAF/FTC 
demonstrated

* in TAF/FTC arm



DISCOVER – tweaked results
Incident HIV 
infections

Rate ratio (95% 
CI)

AIR (95% CI)

TDF/FTC TAF/FTC
Observed 
data

11 6 0.55 (0.20,1.48) 1.10 (0.94,1.17)

1 additional 
infection* 

11 7 0.64 (0.25,1.65) 1.08 (0.92,1.26)

3 fewer 
infections*

11 3 0.27 (0.08,0.98) 1.15 (1.02, 1.31)

* in TAF/FTC arm



Estimating counterfactual incidence

Approach Examples
Epidemiological surveillance or 
data from prior prospective study 
in a similar population

Baeten et al. PLOS Med 2016.

Registrational cohort from which 
patients are randomised

PrEPVacc trial

Recency assay applied to baseline 
samples

Gao et al. Stat Comm Infect Dis (in 
press)

Ecological association between 
incidence of HIV and other STIs

Mullick et al. J Inf Dis 2019.

Association between adherence to 
TDF/FTC and preventative efficacy

Glidden et al. J Int AIDS Soc 2021.





Alternative formula for AIR

AIR =
λ! − λ" + θ! λ"

θ! λ!

θ! = 1 − ⁄λ! λ#

θ! = (counterfactual) effectiveness of the 
active control drug in the current trial



Meta-analysis reported efficacy of 32% (95% CI 5-51%).  Ross et al. 
Lancet HIV 2021; 8: e8–15





Results from hypothetical trial
BNT162b2 ChAdOx1

PYFU per arm 10,000 10,000
Observed COVID-19 cases 20 80
Rate ratio 
(90% CI)

REF 4.00 
(2.61-6.32)



Averted events ratio (90% CI) : 
ChAdOx1 versus BNT162b2



Alternative interpretation

AIR =
Ef+icacy of experimental treatment
Ef+icacy of control treatment



Counterfactual efficacy

• Require estimate of efficacy in the current active-
control trial

• Cannot naively extrapolate efficacy estimates from 
earlier placebo-controlled trials

• “Constancy” assumption
• For COVID-19 vaccines, issues include: 
– different circulating strains of SARS-CoV-2 
– trial population characteristics related to immune response
– definition of clinical endpoints
– evolution in disease symptomatology
– interval between vaccination and viral exposure



Factors affecting sample size using AIR

• Counterfactual placebo incidence
• Efficacy of control treatment
• “Preservation of effect” size
• Lower bound of CI for asserting non-inferiority
• Statistical power
• Whether estimating AIR via counterfactual placebo 

incidence or counterfactual efficacy



Sample size based on:
AIR estimated via placebo 

incidence
AIR estimated via control arm 

efficacy

NI based on lower 5% CL, 90% power



Ratio of sample sizes: AIR estimated via 
counterfactual efficacy versus placebo incidence



Conclusions

• Standard analytical approach for active-control trials 
with time-to-event endpoint can be clinically 
misleading 

• Important to use a metric that includes either 
counterfactual placebo incidence or control 
treatment efficacy

• Using counterfactual placebo incidence much more 
powerful

• Logic presumably extends to other types of endpoint
• Do problems exist where the standard approach is 

actually valid?
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