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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

National Institute of Allergy and Infectious
Diseases Director Anthony S. Fauci, MD, said

today that data from a multinational

randomized control trial showed that

Anthony S.
Fauci Gilead’s investigational antiviral remdesivir

“has a clear-cut significant positive effect in

diminishing time to recovery” for patients with COVID-19.

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?

p means “Probability”
Inferential statistics
Hypothesis (Ho: A=B; H,: A#B) for population

Statistical testing using random samples

Reject H, Fail to reject Hy
H, is True Type | error (a) correct
H, is True correct Type Il error (B)

Ho: 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

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)

- HA=UB => Ha-pp=0
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t-test

* Underlying assumption

» Random sample

YV V VY V

Independence between group A and B
Reasonably large sample size
Data follow normal distribution

Equal variance of A and B

t-test

‘= X[ —X;z
where and
(n = 1) 8%, +(n2 = 1) s,
i \/ ny +ny —2

Table A.5 Critical Values for t Distributions

Appendix Tables 795

1, density curve

s
Shaded area = a
o P
«

v 10 05 025 o 005 001 0005
1 3078 6314 12.706 636,62
2 2920 4303 31598
3 2353 3.182 12924
4 2132 276 8610
5 2015 2571 6869
6 1943 2447 5959
7 1.895 5408
8 1.860 5041
9 1833 4781

10 1812 4.587

1 1796 4437

12 1782 4318

13 1771 a1

14 1.761 4140

15 1753 4073

16 1746

17 1740

18 1734

19 1729

2 1725

21 1721

2 1717

23 1714

2% 171

25 1708

2% 1706

27 1703

28 1701

2 1699

1.697
1694
1691
1688
1686

40 1.684

50 1676

60 1671

120 1658

o 1645

=> p-value
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t-test

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

‘ Covid19 [ Influenza A(HINI) E Controls {8 NSIP

A Density of Intussusceptive Angiogenic Features B Density of Sprouting Angiogenic Features
100 P<0001

o
P=0.008

5 * -

Angiogenic Feature Count
3

Angiogenic Feature Count
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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
- BASHUBERC= ...
« 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
» Random sample
> Independence between group A and B and C
> Reasonably large sample size
» Data follow normal distribution

» Equal variance of Aand B and C

14
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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

15
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

> Still same continuous variable

» But comparing adjusted mean

> Adjust variable of interest by covariate using regression
technique

17

ANCOVA

« “covariate” : variable expected to have an important influence on

the primary variable
> Baseline values

> Age, Gender, etc.

* Pre-specification required

* Improve the power of significance tests and the precision of

estimates of treatment effect
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