
UBSEPH

Principi e la metodologia 
della ricerca clinica

Dario Gregori

Unità di Biostatistica, Epidemiologia e Sanità Pubblica
Servizio di Clinical Trials e Biometria

Dipartimento di Scienze Cardiologiche, Toraciche e Vascolari
Workgroup “Comitati Etici” SISMEC

dario.gregori@unipd.it



UBSEPH

Gabriel & Normand, Getting the Methods Right — The Foundation of Patient-Centered Outcomes Research, NEJM, 2012 787-781

2



UBSEPH

• Rationale and aims

• Scientific relevance

• Social relevance

• Methods

• Correspondence between aims and design

• Scientific merit of design

• Safety of design

• Feasibility/burden of design

• Statistics

• Sample size justified according to design and aims

• Statistical analysis according to design

• Logistics

• Randomization and/or enrollment specified

• CRO involvement

• Safety and adverse events monitoring

• Privacy

• Genetics

• Study conduction and data bank exploit plan

Design

Sample size

Analysis & 
communication
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Statistics and Ethics

• Quality Data + Ethics = GCP

• Data and Reported Results are Credible and Accurate = quality data

• Rights, Integrity, and Confidentiality of Study Subjects are 
Protected = Individual targeted ethics

Ethics
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Ethical considerations in statistical 
methodology
• Study design and experimental methodology

• It  is  unethical  to  include  people  in  a  study where poor design and/or poor methodology will  lead  to  less-than-optimum quality  
data and  therefore  less-than-optimum  quality answers to the study’s research question.

• Sample-size estimation 
• A trial requires sufficient participants to answer the research question without exposing them unnecessarily to the risks of the

experimental therapy. 

• Early  termination  of  trials
• Data  monitoring committees  (DMCs),  independent  groups charged  with  reviewing  interim  data  from clinical trials, face difficult 

ethical challenges when deciding whether a clinical trial should be  terminated  early (US Department  of  Health  and  Human
Services, FDA, 2006). 

• Communicating  trial  results
• Researchers have an ethical responsibility to report information  accurately  and  fully  in  clinical communications,  as  these  

directly  impact patient care.

Correct  study  design  is  absolutely  essential from  both  scientific  and  ethical  perspectives when  conducting  clinical 
trials.  If  a  study’s design cannot lead to the collection of data that can  be  analyzed meaningfully,  no  meaningful 
information about the investigational drug can be gained. 

Participants in clinical trials have the legitimate expectation that their participation in the trial will help advance our 
knowledge of the investigational  drug,  and  if  the  study’s  design cannot  possibly  provide  additional  knowledge about
the drug their expectation is not fulfilled (Turner, 2007).
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Did investigator assign exposures?

Yes

Experimental study

No

Observational study

Random allocation Comparison group?

Yes No Yes No

Randomized
Controlled 

trial

Non-
Randomized
Controlled 

trial

Analytical
study

Descriptive
study

Direction?

Exposure
Outcome

Exposure and 
outcome at the

same time

Cohort study Case-control study Cross-sectional study

Outcome
Exposure

Source: Grimes and Schulz, The Lancet 359:57-61 (2002)
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• Case control studies examine the relationship between an attribute and a disease by comparing those with and 

without the disease with respect to the presence of the attribute or level of exposure to it.

• Cohort studies examine the relationship between exposure to a factor or factors and the probability of the 

occurrence of a disease (or other outcome) by observing large numbers of people over a period of time and 

comparing incidence rates of the disease (or outcome) in relation to exposure levels. A cohort study may be a 

clinical cohort study (for example, where a group of patients with a given disease is followed to examine the 

prognosis).

• Cross-sectional studies examine the relationship between diseases (or other healthrelated characteristics) and 

other variables of interest in a defined population at one particular point in time, by collecting health and other 

information concerning members of the population. These include questionnaires or surveys done for research 

purposes. 

• Case reports are reports of cases from health or disability service or research settings.

• Case series describe a set of cases of a disease (or similar problem). For example, a clinician may assemble a case 

series on a topic of interest, such as an unexpected adverse effect experienced by patients taking a particular 

medication.

• Descriptive studies examine the existing distribution of variables in populations. For example, analyses of cancer 

registry data or emergency department data by person, place or time

Observational studies taxonomy
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• International Conference on Harmonization of Technical Requirements 
for Registration of Pharmaceuticals for Human Use

• Working group of pharmaceutical industry experts and regulatory 
authorities from the European Union, Japan, and the United States

• Aim to produce a single set of technical requirements for the 
registration of new drug drug products to streamline development

• Reduce or obviate duplicate testing
• More economical use of human, animal and material resources
• Eliminate unnecessary delays in the availability of new medicines 

For (drug) clinical trials
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ICH guidelines of statistical interest

www.ich.org
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• Primary endpoint(s) 
• Study design

• Tools to against bias 
• Choice of design 
• Type of comparison

• Sample size calculation
• Interim analyses
• Statistical analyses

• Analysis population and handling of missing data
• Statistical methods
• Control of type I error  (multiplicity issue)

10

Considerations on clinical trials
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Disadvantages of Randomized Control 
Clinical Trial

1. Generalizable Results?
• Subjects may not represent general patient 

population – volunteer effect

2. Recruitment
• Twice as many new patients

3. Acceptability of Randomization Process
• Some physicians will refuse
• Some patients will refuse

4. Administrative Complexity
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For observational studies
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The STROBE initiative

http://www.strobe-statement.org/
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Risk of aspiration (most serious risk in PLMA technique) with tracheal intubation and conventional rapid 

sequence induction is about 1/1000 and probably closer to 1/4000
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Sample Size Issues

• Fundamental Point

Trial must have sufficient statistical power to det ect 
differences of clinical interest

• High proportion of published negative trials do not have 
adequate power

Freiman et al, NEJM (1978)

50/71 could miss a 50% benefit
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Statistical Considerations

542-05-#20

Null Hypothesis (H0):
No difference in the response exists between treatment 
and control groups

Alternative Hypothesis (Ha):
A difference of a specified amount (∆) exists between 
treatment and control

Significance Level (α): Type I Error
The probability of rejecting H0 given that H0 is true

Power = (1 - β): (β = Type II Error)
The probability of rejecting H0 given that H0 is not true
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Seeding trials

A sign of a seeding trial is an unrealistically small effect + a very large sample 
size
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Clinical criteria for multiple targets
Primary Endpoints Secondary Endpoints Target (significance) Multiplicity testing

p ≥ 1 s ≥ 1 One primary No need

p ≥ 1 s ≥ 1 Al least one primary Need

p ≥ 1 s ≥ 1 All primary No need

P1, P2, P3 s ≥ 1 Either P1 or both P2 and 

P3

Need

P1, P2, P3 s ≥ 1 Either (P1 and P2)  or (P1 

and P3)

Need

p = 1 s ≥ 1 One primary, the 

secondary marginally 

significant

Need

p ≥ 1 s ≥ 1 Hierarchical significance 

among primary

No need

p ≥ 1 s ≥ 1 k primary, the remaining 

marginally

Need

p ≥ 1 s ≥ 1 Complex (usually hierarchy

between primary and 

secondary)

Need
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Simple Model  -

Compute unadjusted N
• Assume no dropins
• Assume dropout proportion R
• Thus PC* = PC

PT* = (1-R) PT + R PC

• Then adjust N

• Example
R 1/(1-R)2 % Increase
.1 1.23 23%
.25 1.78 78%

2)1(
*

R

N
N

−
=

Sample Size Adjustment for Non-Compliance
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Sample Size for observational studies

•P = Estimated prevalence (percentage)

•Q =1-P

•L = Allowable Error 

2

4

L

PQ
n =

- L +L
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• A survey is to estimate prevalence of influenza virus infection in school kids

• Suppose the available evidence suggests that approximately 20% (P=20) of the children will 
have antibodies to the virus

• Assume the investigator wants to estimate the prevalence within 6% of the true value (6% is 
called allowable error; L)

• The required sample size is 

• n = (4 x 20 x 80) / (6 x 6)  = 177.78

• Thus approximately 180 kids would be needed for the survey 

Precision estimate
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… once incorrect procedures
become common, it can be hard 
to stop them spreading through

the medical literature like a 
genetic mutation …

Doug Altman


