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The opinions expressed today are personal views and should not be understood 
or quoted as being made on behalf of any organization.

–Regulatory
•Spanish Medicines Agency (AEMPS)
•European Medicines Agency (EMA)

–Scientific Advice Working Party (ex-SAWP)
–Biostatistics Working Party (BSWP)

•Catalan Heath Service (CatSalut)
–Advisory Board of the Hospital Medication (CAMH)

–Hospital - Academic - Independent Research
•IDIBAPS. Hospital Clinic Barcelona
•Autonomous University of Barcelona (UAB)
•SCReN & ECRIN Spanish & European Clinical Trials Platforms
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The role of statistics

“Thus statistical methods are no substitute for 
common sense and objectivity. They should never 
aim to confuse the reader, but instead should be a 
major contributor to the clarity of a scientific 
argument.”

The role of statistics. Pocock SJ . Br J Psychiat 1980; 137:188-190
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Key Issues
• Vaccine Efficacy (VE)
•Multiplicity

o Outcomes
o Interim Analyses
o Subgroups

• Super-(Supra)-Efficacy
• Sample Size
• Application with 1. Meta-analyses; 2. One pivotal 

study
• Pfizer, Moderna, Oxford/AZ, Janssen
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Vaccine Efficacy (VE)

VE=(1-RR)*100

VE=90%??

90% efficacy in Vaccine?
90% more efficacy in Vaccine?

RR=0.10 VE=90%
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Vaccine Efficacy (VE)

Orenstein WA et al. Bull World Health Organ. 1985;63(6):1055-68

Vaccine Efficacy (VE) (1-RR)*100 => 90.0%

Rate Ratio (RR) RateVaccine/RateControl => 0.100

Control Vaccine Total
Patients 10,000 10,000 20,000
Cases 50 5 55
Rate 0.50% 0.05% 0.275%

"Efficacy"  (100-rate) 99.50% 99.95%
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Vaccine Efficacy (VE)

VE Control Vaccine Absolute Diff.
90.0% 0.50% 0.05% 0.45%

2.00% 0.20% 1.80%
60.0% 0.50% 0.20% 0.30%

2.00% 0.80% 1.20%

x 0.1

x 0.4
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Multiplicity

• K independent hypothesis: H01 , H02 , ... , H0K

• S significant results ( p<a ) 

• Pr (S ³ 1 | H01 Ç H02 Ç ... Ç H0K = H0.)  =   1 - Pr 
(S=0|H0.)

=   1- (1 - a)KK Pr(S>=1|Ho.) K Pr(S>=1|Ho.)
1 0.0500 10 0.4013
2 0.0975 15 0.5367
3 0.1426 20 0.6415
4 0.1855 25 0.7226
5 0.2262 30 0.7854
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K z a ' z a ' z a '
1 2.782 0.005 2.576 0.010 2.178 0.029
2 1.967 0.049 1.969 0.049 2.178 0.029

1 3.438 0.001 2.576 0.010 2.289 0.022
2 2.431 0.015 2.576 0.010 2.289 0.022
3 1.985 0.047 1.969 0.049 2.289 0.022

1 4.084 0.000 3.291 0.001 2.361 0.018
2 2.888 0.004 3.291 0.001 2.361 0.018
3 2.358 0.018 3.291 0.001 2.361 0.018
4 2.042 0.041 1.969 0.049 2.361 0.018

1 4.555 0.000 3.291 0.001 2.413 0.016
2 3.221 0.001 3.291 0.001 2.413 0.016
3 2.630 0.009 3.291 0.001 2.413 0.016
4 2.277 0.023 3.291 0.001 2.413 0.016
5 2.037 0.042 1.969 0.049 2.413 0.016

O'Brien & Fleming Peto Pocock

Group sequential methods (cont.)

O’Brien PC and Fleming TR. Biometrics. 1979;35:549-56.
Peto R, et al. Br J Cancer. 1976;34:585-612.

Pocock SJ. Biometrika. 1977;64:191-9.
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Truncated SPRT 
(sequential probability ratio test)
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Simpson’s Paradox

Experimental Control
n (%) n (%)

ALL Succes 70     (70%) 60      (60%)
Failure 30     (30%) 40      (40%)

100 100

Simpson EH. The interpretation of interaction in contingency
tables. J R Stat Soc Series B Stat Methodol 1951;
13: 238–241.
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Simpson’s Paradox cont.

Experimental Control
n (%) n (%)

MALE Succes 10   (33%) 24   (40%)
Failure 20   (67%) 36   (60%)

30 60

FEMALE Succes 60   (86%) 36   (90%)
Failure 10   (14%)  4    (10%)

70 40

Experimental Control
n (%) n (%)

ALL Succes 70     (70%) 60      (60%)
Failure 30     (30%) 40      (40%)

100 100
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“Effect Reversals”, where the treatment effect is positive overall but 
numerically negative in some subgroups are to be expected in Phase III 
subgroup analyses

Senn, S and Harrell, F.  On wisdom after the Event.  J Clin Epidemiol, 1997.  50(7):749-751.
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Treatment more effective -><- Treatment less effective
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17/3/21 Ferran.Torres@uab.cat 21

21

0

Lower equivalence 
boundary

Treatment more effective -><- Treatment less effective

2

3

4

5

1

Non-Inferiority

17/3/21 Ferran.Torres@uab.cat 22

22



19/03/2021

12

0

20-30%

Treatment more effective -><- Treatment less effective
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VE Null: 30% - 20%

• Point estimate >>50%

• Lower bound for VE:
o 30%:

§ Krause P et al. Lancet. 2020 Sep 12;396(10253):741-74
§ WHO target product profiles for COVID-19 vaccines
§ FDA. Development and licensure of vaccines to prevent COVID-19: guidance for 

industry
o 20%:

§ CHMP. EMA/592928/2020 EMA considerations on COVID-19 vaccine approval
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Sample size
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C
n =

(MICD)2

C: function of a and b
typically:

7.85 for a=0.05 and b=0.2
10.5 for a=0.05 and b=0.1

MICD: Minimum Important Clinically Difference 

x Variance
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Sample Size Estimation for 
Demonstrating Super Efficacy
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Farrington CP, Manning G. Stat Med. 1990 Dec;9(12):1447-54
Nauta J. Statistics in Clinical and Observational Vaccine Studies. 2nd edition. Springer Nature Switzerland. AG 2020
Nauta J. Statistics in Clinical Vaccine Trials. Springer-Verlag Berlin Heidelberg 2011.

alpha =2.5% (1-sided) 
power =90%

Control rate =0.5%

Expected VE = 60% (RR=0.4)

Null VE =30% (RR=0.7)
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Sample Size Estimation for 
Demonstrating Super Efficacy
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Farrington CP, Manning G. Stat Med. 1990 Dec;9(12):1447-54
Nauta J. Statistics in Clinical and Observational Vaccine Studies. 2nd edition. Springer Nature Switzerland. AG 2020
Nauta J. Statistics in Clinical Vaccine Trials. Springer-Verlag Berlin Heidelberg 2011.
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Thus, when the need for a meta-analysis is prospectively identified, the protocol for
the meta-analysis should be prospectively specified during the planning of the clinical
development program.

….
Some studies clearly positive
….

35

Study Identifiers 
Region

COV001
UK

COV002
UK

COV003
Brazil

COV005
South Africa

Start Date / Status April 2020 May 2020 June 2020 June 2020
Phase I/II II/III II/III I/II
Planned number of 
participants ~ 1077 ~12390 ~10300 ~2070

Characteristics of 
participants

18-55 yr, healthy ≥ 18 yr, healthy ≥ 18 yr, healthy ≥ 18-65 yr, healthy

Number of doses 
1 or 2

(based on study group)
1 or 2

(based on study group) 2 2

AZD1222 
dose levels a

SD: 5 × 1010 vp
LD: 2.5 × 1010 vp

SD: 5 × 1010 vp
LD: 2.2 × 1010 vp

SD: 5 × 1010 vp
SD: 5 × 1010 vp

LD: 2.2 × 1010 vpb

Control MenACWY MenACWY
MenACWY (first dose)
Saline Placebo (second 

dose)
Saline Placebo

Planned Dose interval 4 – 8 wk 4 – 6 wk 4- 12 wk 4 wk

Oxford/AZ  - Overview studies

3617/3/21 Ferran.Torres@uab.cat
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Pfizer Moderna AZ-Oxford Janssen
alpha 1-sided 0.025 0.025 0.025 0.025
Adjusted alpha 0.02134 0.02229 0.01914
Power 90% 90% 90% 90%
Incidence rate placebo 1% 0.75% 2.80% 1.50%
VE 60% 60% 70% 60%
Drop-out rate 20% 2%
IA 4 2 no SPRT-T

32,62,92,120 47,110 ??? 154
20%,38%,56%,73% 30%,70% ??? -

Futility yes no no no

Sample Size
Planned 30480 30138 ??? 40000
Observed 36523 28207 9000 39321

Number of Cases
Planned 185 151 105 154
Observed 177 196 98 464 259

40
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PEP: Pfizer 1st PEP: ≥7 days after Dose 2 without past SARS-CoV-2
Pfizer 2nd PEP: ≥7 days after Dose 2 with/without past SARS-CoV-2

PEP: Moderna Illness ≥14 days after dose 2
PEP: Oxford/AZ Symptomatic ≥ 15 days after dose 2
PEP: Janssen Moderate to severe/critical COVID-19 

Janssen (1) at least 14 days 
Janssen (2) at least 28 days 

Doses: Pfizer 21 days apart
Doses: Moderna 21 days apart
Doses: Oxford/AZ 4 to 26 weeks (28 to 182 days)
Doses: Janssen Single dose 

When: Pfizer 28d post-Rnd
When: Moderna 42d post-Rnd
When: Oxford/AZ 43d – 197d (≈43-99d)
When: Janssen 14d/28d

Cases assessment

41

Pfizer
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Polack FP et al. N Engl J Med. 2020;383(27):2603-2615
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Pfizer
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Moderna
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Baden LR et al. N Engl J Med. 2020 Dec 30:NEJMoa2035389. 
doi: 10.1056/NEJMoa2035389
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Moderna
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Oxford-AZ
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Voysey M et al. Lancet. 2021 Jan 9;397(10269):99-111
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Oxford-AZ
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Voysey M et al. Lancet. 2021 Jan 9;397(10269):99-111
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cases n %
Pfizer w/out 170 36523 0.465%

all 178 40137 0.443%
Moderna 196 28207 0.695%
AZ SD/SD 98 8895 1.102%
Janssen 14d 464 39321 1.180%

28d 259 39321 0.659%

Overall
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cases n % cases n % VE
Pfizer w/out 162 18325 0.88% 8 18198 0.04% 95.0% 90.3% 97.6%

all 169 20172 0.84% 9 19965 0.05% 94.6% 89.9% 97.3%
Moderna 185 14073 1.31% 11 14134 0.08% 94.1% 89.3% 96.8%
AZ 71 4455 1.59% 27 4440 0.61% 62.1% 40.0% 76.1%
Janssen 14d 348 19691 1.77% 116 19630 0.59% 66.9% 59.0% 73.4%

28d 193 19691 0.98% 66 19630 0.34% 66.1% 55.0% 74.8%

95%CI

Control Vaccine Efficacy

49
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