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Some general 
points



Statistical frameworks

Frameworks

Framework Notes

Random 
sampling

Data are generated from a 
population of interest using 
probability sampling

Randomisation Data are generated by random 
assignment of treatment to units

Linear model Conditional on predictors, treated 
as fixed, outcomes are assumed to 
have random errors

Multivariate 
analysis

Variates vary together and we study 
certain conditional distributions

Problems and issues
• Random sampling is most often invoked in 

elementary courses

• It has little if any relevance to clinical trials
• Randomisation is used not random sampling

• In  practice linear models are very often used 
• and sometimes (particularly in epidemiology) 

incorrectly described as being multivariate

• This is all rather confused
• Sometimes it does not matter but sometimes it 

does
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Possible questions a clinical trial might 
answer

Questions
• Q1. Was there an effect of treatment in 

this trial?

• Q2. What was the average effect of 
treatment in this trial?

• Q3. Was the treatment effect identical 
for all subjects in the trial?

• Q4. What was the effect of treatment 
for different subgroups of subjects?

• Q5. What will be the effect of treatment 
when used more generally (outside of 
the trial)?

Implications
• Clinical trials are best at answering Q1 and 

Q2

• Some trials can answer Q3
• Sets of n-of-1 trials

• Usually resources won’t permit addressing 
Q4 adequately

• Of course Q5 is very important but any 
answer will be highly speculative and in 
particular if you can’t answer Q1 and Q2 
well, you are likely to get it wrong
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Two extremes

Predictive (Q5)
• The population is taken to be ‘patients (or 

subjects) in general’

• Of course this really means future patients

• They are the ones to whom the treatment 
will be applied

• We treat the subjects in the trial as an 
appropriate selection from this population

• This does not require them to be typical 
but it does require additivity of the 
treatment effect

• Additivity implies low heterogeneity of 
effect on the scale used

Causal (Q1 & Q2)
• We take the patients (or subjects) as fixed

• We want to know what the effect was for 
them

• Unfortunately there are missing 
counterfactuals

• What would have happened to control 
patients given intervention and vice-versa

• The population is the population of all 
possible allocations to the patients studied
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Coverage probabilities for two questions
Heterogeneity of treatment effect large

Predictive Causal
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Coverage probabilities for two questions
Heterogeneity of treatment effect small

Predictive Causal
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Vaccine Efficacy



Five vaccine trials
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Sponsor Vaccine Placebo Vaccine Placebo

Pfizer/BioN

Tech1

20712 21096 77 850

AZ/Oxford 17662  8550 73 130

Moderna 14134 14073 11       185            

Novavax 7020       7019      10      96

J&J Janssen 19630 19691 116 348 

Numbers of subjects and cases for five large trials. 
Pfizer/BioNTech figures after 6 months follow up. Novavax 
after 3 months follow up AZ/Oxford, Moderna J & J Janssen 
after two months follow-up. (These figures are the median 
time after the second dose except for J& J Janssen, where 
time is after the first dose.)



The argument

• Only subjects who would have been 
infected by COVID can be protected by 
COVID

• Thus in a trial with 1:1 randomisation 
we can estimate how many were 
protected by vaccine by the difference 
in cases: placebo-vaccine

• If we could identify those who would 
be infected we would only study them

• Thus the proper divisor is not the 
number of subjects but the number of 
cases in the placebo arm.
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Simple logic
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A surprisingly effective simple analysis

• Condition on the total cases

• Use 

• Calculate exact binomial confidence limits

• Transform to vaccine efficacy scale
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Vaccine 
efficacy results



One shot or two?

• Note that the J&J vaccine was studied in a 
single dose and the others were studied as 
two

• One could argue that if strategies are being 
compared then it is fair to compare two to one 
but…

• For the others one could argue that not 
counting cases between the two shots is 
inappropriate

• In any case subsequently, we have given 
three shots even though we have only 
studied two
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Why Concurrent 
Control is 
Essential



The Lanarkshire Milk Experiment (LME)
Leighton & McKinlay 1930

• More than 18,000 pupils in 67 
schools in Lanarkshire were 
enrolled in an experiment on 
nutrition in 1930

• Effect of raw and pasteurised milk 
given over four months on height 
and weight studied

• Authors pooled all controls 
together

• Experiment attracted interest of 
Fisher, Student, Karl Pearson and 
others
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Raw milk 
schools

• Control

• Raw milk

Pasteurised 
milk 

schools

• Control 

• Pasteurised 
milk

1:1 allocation within schools
Approximately ¼ of schoolchildren 
received raw ¼ pasteurised and ½ 
acted as controls.



Student’s 
analysis



Tricky statistics

• The LME is a cluster allocated 
incomplete blocks design,

• This requires careful analysis 
that reflects variation between 
and within schools.

• Pooling all controls together a) is 
inefficient and b) will lead to 
incorrect calculation of standard 
errors.

• This has nothing to do with 
sampling theory. It’s an 
allocation issue.
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The TARGET study

• One of the largest studies ever 
run in osteoarthritis

• 18,000 patients

• Randomisation took place in two 
sub-studies of equal size
• Lumiracoxib versus ibuprofen

• Lumiracoxib versus naproxen

• Purpose to investigate CV and GI 
tolerability of lumiracoxib
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Hawkey C, Farkouh M, Gitton X, Ehrsam E, Huels J, 
Richardson P. Therapeutic Arthritis Research and 
Gastrointestinal Event Trial of lumiracoxib–study design 
and patient demographics. Alimentary pharmacology & 
therapeutics. 2004;20(1):51-63. 



Baseline 
Demographics Sub-study 1 Sub-study 2

Demographic 
Characteristic

Lumiracoxib
n = 4376

Ibuprofen
n = 4397

Lumiracoxib
n = 4741

Naproxen
n = 4730

Use of low-dose
aspirin

975 (22.3) 966 (22.0) 1195 (25.1) 1193 (25.2)

History of vascular 
disease

393 (9.0) 340 (7.7) 588 (12.4) 559 (11.8)

Cerebro-vascular
disease

69  (1.6) 65 (1.5) 108 (2.3) 107 (2.3)

Dyslipidaemias 1030 (23.5) 1025 (23.3) 799  (16.9) 809  (17.1)



Balanced within sub-study but not between
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Varying rates



Problems if trials 
are not blind



Possible 
consequence 
of not 
blinding
Some 
examples
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Subjects who are chosen to be vaccinated are invited to 
attend a clinic to receive their vaccine.

A team of health workers is assigned for vaccination 
and another team is assigned for assessing controls.

Blood samples are collected by the vaccinating clinic.

Subsequent blood samples (say after 28 days) are also 
collected in the vaccinating clinic.

Samples are sent in batches to the laboratory to be 
analysed.

Control subjects are visited by nurses at home to 
collect blood samples.



True 
randomisation 

destroys 
autocorrelation
But unblinding 

may subvert 
randomisation
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Why scales 
matter
Translating from the additive to the relevant is important



Invisible women?

• Interesting account (2019) of 
many ways that women are 
badly served by data systems
• For example, housework is (still) 

mainly carried out by women 
but(ironically) not counted 
towards gross domestic product

• Makes many important points

• I am just going to criticise one
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Vive la différence?
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“Drug trials for generic drugs are 
much less rigorous than original 
trials…and they are conducted 
‘almost exclusively’ in young adult 
males…sure enough, in 2002 the 
FDA’s Center for Drug Evaluation 
showed ‘statistically significant 
differences in men and women in 
bioequivalence for most generic 
drugs compared with reference 
drugs”56 (PP203-204)

Illustrative example of a concentration time 
curve that might be used to calculate AUC



Hearing it through the grapevine

Citer Citation

Criado-Perez 2019 McGregor 2017

McGregor, 2017 Koren et al 2013

Koren et al, 2013 Chen et al 2000

Chen et al 2000 “A statistically significant (P < 
.05) sex-by-formulation
interaction was observed in 
two data sets for
AUC and five for
Cmax”
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Think comparison not representation

AUC 

• Is not similar in men and women

• Is not similar in healthy 
volunteers and patients

• Nor even necessarily portable 
from clinical trial to clinical 
practice

Relative AUC

• Is similar in men and women

• Is similar in healthy volunteers 
and patients

• Can be used to decide if generic 
formulations can be used 
instead of innovator drugs
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From trials to 
clinical practice



Interspecies scaling

• Kleiber’s “law” indicates that metabolic rate for a great number 
of  species is proportional to body weight to the power of ¾

• Anderson and Holford have applied this to clearance also

• Much of the sex difference between men and women 
can be explained by this

• Also the difference between children >2 years old and 
adults

• Note that we rarely exploit this sort of thing in real world 
treatment , where it would translate into different doses for 
different individuals but prefer to chase subgroup interactions 
within studies.
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Conclusions • Historical (and external) 
controls are unreliable

• Concurrent control is 
valuable

• Analysis should reflect the 
randomisation scheme 
employed

• Point estimates are not 
enough

• Uncertainty has to be 
honestly reflected

• This takes care

• Representativeness is not 
attainable

• Clinical trials are not 
surveys

• Sampling theory does not 
apply

• Prediction is a matter of 
skilful modelling and is 
necessarily theory based

• There are no guarantees
• We cannot sample from the 

future and we don’t know 
how the virus will mutate 
nor how immunity will wain
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