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Statistics in clinical trial

• For each clinical trial contributing to a marketing application, 
all important details of its design and conduct and 
the principal features of its proposed statistical analysis 
should be clearly specified in a protocol written                               
before the trial begins. (mandate for late phase confirmatory trial)
• Although the early phases of drug development consist mainly of 

clinical trials that are exploratory in nature, statistical principles 
are also relevant to these clinical trials.

- ICH E9 guidance
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p-value < 0.05

• Statistically significant
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p-value < 0.05

• Magic word in biomedical researches

• Statisticians warning against too much emphasis on this concept 
(ASA statement, 2016)

• More meaningful for well designed and controlled studies

• Still FDA standard for demonstrating “substantial evidence of 
effectiveness”
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What is p-value?

Reject H0 Fail to reject H0

H0 is True Type I error (α) correct

Ha is True correct Type II error (β)

• p means “Probability”

• Inferential statistics

• Hypothesis (H0: A=B; Ha: A≠B) for population

• Statistical testing using random samples
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H0: A=B

• Determine variable to be tested (i.e. blood pressure, achieve 
remission, etc.)

• Parameter for population A and B (i.e. mean, proportion, etc.)

• Different statistical tests depending on variable/parameter types
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t-test

• Most commonly used tool to compare means

• Introduced by William Sealy Gosset in early 1900

• Also known as Student’s t-test

• Gosset used penned name, Student in his first publication

• In this class, two sample t-test
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t-test

• Continuous variable (i.e. height, blood pressure, etc.)

• Parameter for population is mean (i.e. mean of height, mean of 
blood pressure, etc.)

• Null hypothesis

- Mean of blood pressure in group A (experimental arm) = Mean 
of blood pressure in group B (control arm)

- μ A = μ B => μ A - μ B = 0
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t-test 

• Underlying assumption

Ø Random sample

Ø Independence between group A and B

Ø Reasonably large sample size

Ø Data follow normal distribution

Ø Equal variance of A and B

9

t-test

and                                           => p-value
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t-test

Pulmonary Vascular Endothelialitis, Thrombosis, and Angiogenesis in    
Covid-19 (Ackermann et al. 2020 in NEJM)

11

ANOVA

• Analysis of Variance

• Extension of t-test

• Compare means among three or more groups

• Developed by Ronald Fisher

• Use F-test

• In this class, one-way ANOVA
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ANOVA

• Like t-test, continuous variable

• Parameter of interest is mean

• Null hypothesis

- μ A = μ B = μ C = ….

• Alternative hypothesis: Not all means are equal

• For example, different dose groups vs placebo; different combinati
on of therapies vs placebo; etc.
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ANOVA

• Underlying assumption

Ø Random sample

Ø Independence between group A and B and C

Ø Reasonably large sample size

Ø Data follow normal distribution

Ø Equal variance of A and B and C
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ANOVA

• F value: ratio of sum of squares (variance)

• Square of t distribution is same as F distribution

• Hence two sample t-test is basically equal to two group ANOVA
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ANOVA

Inhibition of the mTORC Pathway in the Antiphospholipid 
Syndrome (Canaud et al. 2016 in NEJM)
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ANCOVA

• Analysis of Covariance

• Combination of ANOVA and regression

• In comparison to one-way ANOVA

Ø Still same continuous variable

Ø But comparing adjusted mean

Ø Adjust variable of interest by covariate using regression 
technique

17

ANCOVA

• “covariate” : variable expected to have an important influence on 
the primary variable

Ø Baseline values

Ø Age, Gender, etc.

• Pre-specification required

• Improve the power of significance tests and the precision of 
estimates of treatment effect
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KIOSC

Thank You

Biostatistics for Non-statistician 

q Basic I - Various Statistical Analysis Methods I

q Basic II - Various Statistical Analysis Methods II

q Advanced I - Study Design and Power & Sample Size

q Advanced II - Adaptive Trial Design
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