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Introduction to Vaccine Efficacy 

Control arm

Vaccine arm

Infection CensoredInfectionInfectionInfection

Censored Censored Censored CensoredInfection

x = number of infections in control arm
x = number of infections in vaccine arm
s = Total surveillance time in control arm
s = Total surveillance time in vaccine arm
λ  = Incidence rate in control arm
λ  = Incidence rate in vaccine arm



Bayesian modeling of Vaccine Efficacy
The likelihood of the unknown parameters and can be expressed  as: 
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Which is composed by three contributions:

 Marginal density of the Surveillance times

 Conditional density of the total infections given the surveillance times

 Conditional density of the vaccine infections given the total infections and the surveillance times



Exact Method Conditional on the total number 
of cases 
In the current practice the surveillance times and the total number of infections are 
considered data rather than statistics.
This means that the first two factors of the full likelihood are considered independent 
from the vaccine efficacy  and the likelihood is reduced to:
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Which can be proven to be the density of a Binomial distribution
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Motivation for the Full Likelihood
Imagine a study of infinite length (no censoring possible), then the ratio between the 
surveillance times approximates 1 - VE, in fact     

Which demonstrates that the surveillance times are statistics which depend on VE, hence 
should be included in the likelihood, but ….

In practice the study duration is limited, so the above does 
not hold and censoring process must be taken into account !! 



Accounting for the recruitment process
For a generic patient let be the random recruitment time, the random time to infection, 
D the study duration and the random censoring time.
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Then for the central limit theorem (TCL), then the total surveillance times can be expressed as



A class of recruitment densities
In order to exploit the previous result we need to make some assumptions on the recruitment 
process. In our context we use a parametric linear density recruitment: 

Where represents the truncation parameter (the fraction of the study used for 
recruitment) and is the related to the rate of accrual intensity. 
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Simulation study
We conduct a 3 simulation studies testing our approach versus the standard one:

 SIMULATION 1: Fixing  and making vary in the set 0.3, 0.5, 0.7, 0.9) and in the 
set 0.2, 0.6, 1, 1.4, 1.8).

 SIMULATION 2: Fixing and making vary in the set 0.3, 0.5, 0.7, 0.9) and in the set 
0.1, 0.3, 0.5, 0.7, 0.9)

 SIMULATION 3: Fixing and making vary in the set 0.2, 0.4, 0.6, 0.8, 1, 1.2, 
1.4, 1.6, 1.8) and in the set 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9).



Simulation study
Percentage reduction in the 95% credibility interval (CI) length 

• The gain is higher for larger 
values of 

• The gain is higher for lower 
values of  

• The gain is higher for lower 
values of  VE



Case study: Pfizer/BioNTech trial

 More precise point estimation
92.03 [90.1, 93.7] VS 90.98 [88.8, 92.9]
12.7% gain in 95% CI length 

 Good identifiability in estimation of and 
92.03 [90.1, 93.7] VS 90.98 [88.8, 92.9]
12.7% gain in 95% CI length 



Discussion

Using the Full Likelihood in the estimation of Vaccine Efficacy (VE) is an improvement over 
the currently used exact method conditional on the total number of cases, in fact:

 It improves the point estimation both in terms of median MSE and mean MSE

 It provides shorter credibility intervals (CI)

In particular the gain is higher when:

 Recruitment process is fast (low , large )

 Vaccine Efficacy ( ) is low
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Percentage in 95% CI length reduction

𝝉 = 𝟎. 𝟗𝝉 = 𝟎. 𝟕𝝉 = 𝟎. 𝟓𝝉 = 𝟎. 𝟑𝝉 = 𝟎. 𝟏

3.496.4811.9719.3224.16VE=0.3

2.905.4310.4418.0223.95VE=0.5

2.063.907.9215.3623.39VE=0.7

0.801.603.508.5920.94VE=0.9

% means MSE reduction

𝝉 = 𝟎. 𝟗𝝉 = 𝟎. 𝟕𝝉 = 𝟎. 𝟓𝝉 = 𝟎. 𝟑𝝉 = 𝟎. 𝟏

7.5913.6324.9237.7944.86VE=0.3

7.3211.7221.7035.2144.34VE=0.5

5.548.6517.0731.4344.28VE=0.7

2.233.947.2417.8538.67VE=0.9

% medians MSE reduction

𝝉 = 𝟎. 𝟗𝝉 = 𝟎. 𝟕𝝉 = 𝟎. 𝟓𝝉 = 𝟎. 𝟑𝝉 = 𝟎. 𝟏

7.5713.6124.8937.7344.81VE=0.3

7.3311.7121.6435.1644.28VE=0.5

5.598.6617.0331.3744.22VE=0.7

2.394.037.2117.7838.59VE=0.9

Simulation 1



Percentage in 95% CI length reduction

𝜶 = 𝟏. 𝟖𝜶 = 𝟏. 𝟒𝜶 = 𝟎. 𝟏𝜶 = 𝟎. 𝟔𝜶 = 𝟎. 𝟐

9.467.626.505.815.55VE=0.3

8.116.445.464.884.65VE=0.5

6.014.713.943.513.37VE=0.7

2.571.981.641.431.37VE=0.9

% means MSE reduction

𝜶 = 𝟏. 𝟖𝜶 = 𝟏. 𝟒𝜶 = 𝟎. 𝟏𝜶 = 𝟎. 𝟔𝜶 = 𝟎. 𝟐

19.8616.0213.6312.5111.85VE=0.3

17.1714.1511.7211.3310.65VE=0.5

13.2710.688.637.778.19VE=0.7

4.834.043.893.863.20VE=0.9

% medians MSE reduction

𝜶 = 𝟏. 𝟖𝜶 = 𝟏. 𝟒𝜶 = 𝟎. 𝟏𝜶 = 𝟎. 𝟔𝜶 = 𝟎. 𝟐

19.8416.0013.6412.4811.84VE=0.3

17.1414.1511.7011.3110.61VE=0.5

13.2410.658.647.788.20VE=0.7

4.854.063.953.933.30VE=0.9

Simulation 2


