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Why shall I learn statistics if I am not 
a statistician? 
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The Duke University scandal 
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It is important to know basics of statistics in order to:

• Be able to plan clinical trials and communicate with statistician
(e.g. design, randomization, sample size)

• Understand study protocol

• Understand all activities during trial (e.g. Interim analysis)

• Be able to understand study results and manuscripts
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Role of statistician in clinical trials
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Role of statistician in Clinical trials
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Phases of clinical trials



Educational V4 platform for capacity building in oncologyPROCESS OF NEW DRUG DEVELOPMENT

Clinical trials: Phase IV

10-15 

YEARS

Klinické studie: Fáze I
Fáze II
Fáze III

Registration and approval from 
regulatory authorities

Laboratory experiments 

Preclinical testing

Clinical trials: Phase I
Phase II
Phase III
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PHASE 1 clinical trials

• Objectives:

• Assessment of basic product pharmacokinetic parameters in humans

• Estimation of the maximal tolerated dose MTD (cytostatics etc.)

• Evaluation of Adverse Events (AE)

• Dose finding study

• Study subjects:

• 12-20

• Mostly healthy volunteers 

• Not vulnerable subjects

• Ideal design enable exact evaluation of the  “dose – response” curve

• Because of ethical reasons, adaptive designs are used: dosage for

subsequent subject is based on the response of previous subject

• The first dose used is based on results of preclinical testing (animal testing) 

• Design:
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3 subjects, initial dose

Adverse events

NOT present

PHASE 1 – example of subjects’ enrollment 1

Another 3 subjects, 

higher dose

YES

NO

Another 3 subjects

Initial dose

AE at most

in 1 subject

End of study

NO

Another 3 subjects, 

higher dose

YES
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PHASE 2 clinical trials

• 20 – 200

• Number of study subjects

• fixed

• enrollment by groups

• sequential (including evaluation of response of each subject continuously)

• Study subjects:

• Objectives:

• Verification of the treatment effectiveness

• Evaluation of tolerance and safety

• Decision whether Phase III trials will be performed 

• Design:

• Randomization is rare

• Experiments with one arm

• Treatment effectiveness and safety is compared to known products 

or placebo
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• Comparison of the effectiveness and safety of the test product with placebo 

or other type of control (active treatment control) 

• Getting data for regulatory authorities

• “Cost – effectiveness” analyses

• Objectives:

• Design:

• Parallel

• „Cross – over“

• Factorial

• Randomization

• Study subjects:

• 100 – 1 000

• number of subjects

• fixed

• enrollment by groups

• sequential (including evaluation of response of each subject continuously)

PHASE 3 clinical trials
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• Descriptive studies (analysis of existing databases)

• „Cross - sectional“ studies (analysis of structured sample of patients)

• „Case - control“ studies (retrospective studies with selected paired 

control groups)

• Cohort studies (retrospective or prospective comparison of selected 

cohort with control group)

• Design

• Objectives:

• Verification of product characteristics in „real settings“

• Detailed analyses of adverse events 

• Evaluation of QoL

• Changes in dosage

• „Cost-effectiveness“ studies

PHASE 4 clinical trials
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Basic terminology
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Randomization

Methodology and process of random (or pseudorandom) 

assignment of subjects to two or more treatment arms.
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Interim analysis

Interim analysis is analysis of the data at one or more time 

points prior to the official close of the study with the 

intention of possibly terminating the study early.

O'Brien-Flemming 

interim monitoring 

boundaries for the 

primary endpoint are 

based on 

predetermined 

number of planned 

interim analysis with 

overall type error of 

a=0.05.
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➢ 17 187 patients

➢ Effect of aspirin (ASP) and streptokinasis (SK) 

on long-term survival of patients with suspected MI

➢ Study proved (in all patients) mortality reduction

for ASP, SK and its combination
Subgroup analysis proved no 

effect for the astrological sign 

of Libra and Gemini
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ITT and PP analysis

Intention-to-treat (ITT) analysis is based on data of all 

randomized subjects regardless of: 

- fulfilling of inclusion criteria

- taking medicine in accordance to randomization code

- compliance with study protocol

- premature withdrawal from study

Per-protocol (PP) analysis is based only on data of subjects 

compliant to study protocol.
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Parallel design 

Entry

R
A
N
D
O
M
I
Z
A
T
I
O
N

Arm 1

Arm 2

Arm n

Subjects are randomized to receive one of the tested treatments 

and use only this treatment during the whole experiment.
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Cross-over design

All subjects are exposed to all treatments tested in experiment. 

Randomization is performed only to assign different sequences 

of treatments applied.

Entry

R
A
N
D
O
M
I
Z
A
T
I
O
N

Sequence 1

Sequence 2

W
A
S
H

O
U
T

Drug

Placebo Drug

Placebo

Period

1 2
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Hypotheses in clinical trials

Better

Equivalence testing

Superiority testing

Non-inferiority testing
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Meta-analysis

Meta-analysis refers to the analysis of analyses… the 

statistical analysis of a large collection of analysis results 

from individual studies for the purpose of integrating the 

findings. (Glass, 1976, p3) 

Meta-analysis techniques are needed because only 

summary statistics are typically available in the literature.

Problems with meta-analysis:

- „publication bias“ („funnel shape“)

- multiple results from one population

- heterogeneous assessment of efficiency and safety in different

studies
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Meta-analysis
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Economical analysis in clinical trials

Basic classification of economical analysis:

„Cost-minimization“ analyses (CMA)

„Cost-effectiveness“ analyses (CEA)

„Cost-utility“ analyses (CUA)  

„Cost-benefit“ analyses (CBA)

The main objective of pharmacoeconomical analyses in clinical 

trials is to compare two or more treatments from the view of 

costs and benefits.
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QALY
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QALY
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P-value concept
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Clinical vs. statistical significance

„P value“

Number of

patients: 

„N“

Treatment

deifference

„D“

Situation A:

N=20

P(A) = 80%

P(B) = 50%

P= 0,160

Situation B:

N=20 000

P(A) = 80%

P(B) = 81%

P<0,05

X
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James Lind, 1747,…… 

…finding of treatment for scurvy
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Clinical trial with 12 patients, treatment arms:

• cider
• vitriol 
• seawater
• herbal mixture from Peru
• vinegar
• oranges and lemon

How many patients do I need for a study?
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Ovarian cancer screening and mortality in the UK Collaborative Trial of 

Ovarian Cancer Screening (UKCTOCS): a randomized controlled trial

Clinical trial:

1 243 282 patients,

202 638 randomised

How many patients do I need for a study?
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35

Study designs

 Prevalence surveys

 Case-series

 Surveillance data

 Analyses of routinely

collected data (registries,

mortality data, etc.)

Descriptive studies
- designed to describe occurrence of 

disease by time, place and person

Analytic studies
- designed to examine etiology and 

causal associations

Experimental

(intervention studies)
- Investigator intentionally alters one or 

more factors to study the effects of so 

doing

Non-experimental

(observational studies)
- Does not involve intervention;

investigator observes without intervention

other than to record, count, and analyze results

 Cohort

(retrospective and

prospective)

 Case-control

 Cross-sectional

 Ecological

Uncontrolled trials
- experimental trials without control or 

comparison groups (e.g. phase I/II 

clinical trials)

Controlled trials
- trials with control groups (e.g. 

phase III trials)

- controlled trials can be clinical 

trials (unit of randomization is an 

individual) or community trials 

(unit of randomization is a 

community or cluster)

Randomized (RCTs)
- interventions allocated randomly (all 

participants or clusters have the same 

chance of being allocated to each of the 

study groups)

Quasi-randomized
- allocation done using schemes such 

as: according to date of birth (odd or 

even), number of the hospital record, 

date at which they are invited to 

participate in the study (odd or even), or 

alternatively into the different study 

groups

Non-randomized
- allocation to different groups done 

arbitrarily (without any underlying 

random process)

Classification of experiments


