[bookmark: _GoBack]F8. Moderna Vaccine Trial [13 points]
The trial of the Moderna mRNA vaccine against COVID-19 randomized 27817 adults to receive 2 injections, 1 month apart, of either active vaccine or identical-appearing placebo.  The outcome reported in the news was COVID-19 cases documented during an observation period starting 14 days after the second dose, but we will provide the number of COVID-19 cases during an observation period starting from 14 days after the first dose.  To simplify, assume that follow-up was completed for 3 months after the first dose.  The table below shows results to 3 months after the first dose.
	
	Covid*
	No Covid
	Total
	Risk
	
	
	

	Active Vaccine
	6
	13928
	13934
	0.043%
	
	
	

	Placebo
	128
	13755
	13883
	0.922%
	

	
	134
	27683
	27817
	
	95% Conf. Interval

	
	*From 14 days after first dose
	Risk Difference
	-0.88%
	-1.04%
	to
	-0.72%

	
	
	Risk Ratio
	0.0467
	0.0206
	to
	0.1059

	
	
	
	Relative Risk Reduction (Efficacy)
	95.33%
	97.94%
	to
	89.41%



a) What is the number needed to vaccinate to prevent one adult from contracting COVID during the follow-up period from 2 weeks through 3 months after the first dose? [1]

1/.0088 = ~114


b) What is the 95% upper bound on the number needed to treat (i.e. the worst NNT)? [1]

1/.0072 = ~139

This is a good example of a case where the NNT is not likely to be very useful because of the wide variation in baseline risk over time and space.


c) As you see from the table above, the control (placebo) group had a baseline cumulative incidence of just below 1% (0.92%).  Say Moderna next tests the vaccine in a lower risk population.  Assuming the vaccine efficacy (RRR) remains the same, what would the NNT be in a population with half the baseline cumulative incidence (0.46% instead of 0.92%)?  Show your calculations. [2]

Cutting the baseline risk in half doubles the NNT, so it would be 228 instead of 114.  There are several ways to see this.  The RRR (Efficacy) remains the same, so the risk reduction will be 0.9533*0.46% = 0.44% = 0.0044. NNT = 1/0.0044 = 228.  The answer is NOT 0.46% - 0.04% = 0.42%, 1/0.42% = 239, because this assumes that the risk in the vaccinated groups stays the same regardless of the baseline risk, but we were told that the RRR (Efficacy) remains the same.

We are going to evaluate a hypothetical risk model that predicts the risk of getting COVID-19 in the next 3 months.  This model will be used to determine who is at a high enough risk to warrant early vaccination.  The model divides the population into Quintiles 1 through 5, with 1 being the highest risk quintile.  Here is how it performed in a validation population of 10,000.
Performance of Hypothetical Risk Model for Catching COVID-19 in Next 3 months
	
	
	Contracted COVID-19

	Quintile
	N
	n
	Proportion

	1
	2000
	56
	2.8%

	2
	2000
	21
	1.1%

	3
	2000
	12
	0.6%

	4
	2000
	7
	0.4%

	5
	2000
	4
	0.2%

	
	10000
	100
	1.0%



 First, we have to determine our risk threshold for vaccination, that is Ptt.
d) Assume that vaccinating a person plus all the related risks and complications of vaccinations produce a total average cost of $30.  (Note: This is the total cost of vaccinating one person.  Do not worry about price per individual shot.)  Use your answer to (a) to determine the cost per bad outcome prevented (CBOP). [1]

$30 ´ 114 = $3420

e) Assume that the total benefit of preventing 1 case of COVID-19, including the benefit of reducing transmission to others, is $171,000 (BBOP).  What is the threshold risk threshold for vaccination (Ptt)?   [1]

CBOP/BBOP = 3420/171,000 = 2%

f) If you can only separate individuals into quintiles of risk, which quintile(s) should get the vaccine? [1]

Only the top one.  Quintile 1

g) If you vaccinated according to the model using your answer to (f), how many of the 10000 people in the population would you vaccinate?  How many of them would have gotten COVID if they hadn’t been vaccinated (True Positives)?  How many of them wouldn’t have gotten COVID regardless of vaccination status (False Positives)? [3]
Vaccinated 2000, TP = 56, FP = 1944


h) What is the net benefit of treating according to the rule? Show your calculations. [2]

56 – (1944*0.02/0.98) = 56 – 40 = 16. Then divide by N = 10000. NB = 0.0016


i) Express your answer to (h) as a fraction of the maximum possible net benefit.  This is called the standardized net benefit (sNB). [1]

0.0016/0.0100 = 0.16




