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In Memory of Professor Doug 
Altman

Doug Altman “We need less research, better research, 
and research done for the right reasons”
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Introduction

 Evidence-Based Medicine is highly dependent on the 
RCTs.

 Therefore designing, conducting and reporting RCTs 
is an important aspect of medical science and all 
medical professionals should learn these skills.
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Introduction

 Critical appraisal of RCTs is probably as important as 
conducting them. All medical professionals need to 
understand and evaluate RCTs for the possibility of 
bias or any shortcomings.

 RCT results translate directly into changing clinical 
practice. Hence, it is important that they are free of 
bias and are strong in their design and execution. 
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Introduction

 Since 2004, clinical trial registration has been 
recommended, and reputable medical journals claim 
to insist on it. However, in practice registration may 
be omitted, postdated, or information provided in 
the trial registration may not correlate with the 
eventual trial publication. 
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Introduction

Inconsistencies between registry and published 
results of prospectively registered randomized clinical 
trials in Iranian international registry of randomized 
clinical trials (IRCT). MSc thesis in Epidemiology by 

Samaneh Lotfi Noghabi (2019)
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Introduction

 Results of our study:

 Discrepancies: 2.7% to 45.1%

 Outcome: 45.1%

 Sample size: 39.2%

9



Definition

 By WHO:

 A clinical trial is any research study that prospectively
assigns human participants or groups of humans to one or 
more health-related interventions to evaluate the effects 
on health outcomes.
 Clinical trials may also be referred to as interventional trials. 

Interventions include but are not restricted to drugs, cells and 
other biological products, surgical procedures, radiologic 
procedures, devices, behavioural treatments, process-of-care 
changes, preventive care, etc. 

 This definition includes Phase I to Phase IV trials.
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Definition

 By NIH:

 A research study  in which one or more human subjects 
are prospectively assigned to one or more interventions 
(which may include placebo or other control) to evaluate 
the effects of those interventions on health-related 
biomedical or behavioral outcomes.
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Research Designs in Health and 
Medicine

Descriptive

Case report
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Secondary Research
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Level of Evidence

Source: What is Hierarchy of Evidence?

PUBLISHED -JULY 8, 2013 BY DR ARUN PAL SINGH LAST EDITED SEP 7, 2014
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Types of Trials and Their Roles

 Investigator initiated trials (IITs)

 Sponsor initiated trials (SITs)
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Phase I

 Patients: 20 to 100 healthy volunteers or people 
with the disease/condition.

 Length of Study: Several months

 Purpose: Safety and dosage

 Percentage of Drugs that Move to the next Phase: 
70%
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Phase I

 Phase I trials are the first stage of testing in human 
subjects.

 This phase is designed to assess the safety ( 
pharmacovigilance), tolerability, pharmacokinetic, 
and pharmacodynamics of a drug.

 Dose escalating (intolerable side effects-MTD)

 Single ascending dose, multiple ascending dose, food 
effect – cross over studies.
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Phase II

 Patients: Up to several hundred people with the 
disease/condition.

 Length of Study: Several months to 2 years

 Purpose: Efficacy and side effects

 Percentage of Drugs that Move to the Next Phase: 
33%
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Phase II

 After dose finding, the next goal is to evaluate 
whether the drug has any biological activity or effect.

 On larger groups of volunteers and patients (100-
300) and are designed to assess how well the drug 
works.

 When the development process for a new drug fails, 
this usually occurs during Phase II trials when the 
drug is discovered not to work as planned, or to have 
toxic effects.
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Phase II

 Phase II studies are sometimes divided into Phase IIA 
and Phase IIB.

 Phase IIA is specifically designed to assess dosing 
requirements (how much drug should be given).

 Phase IIB is specifically designed to study efficacy (how 
well the drug works at the prescribed dose(s)).
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Phase III

 Patients: 300 to 3,000 volunteers who have the 
disease or condition

 Length of Study: 1 to 4 years

 Purpose: Efficacy and monitoring of adverse 
reactions

 Percentage of Drugs that Move to the Next Phase:
25-30%
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Phase III

 The most expensive, time-consuming and difficult 
trials to design and run.

 Sometimes called the "pre-marketing phase”.

 It is typically expected that there be at least two 
successful Phase III trials, demonstrating a drug's 
safety and efficacy, in order to obtain approval from 
the appropriate regulatory agencies such as FDA.
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Phase IV

 Patients: Several thousand volunteers who have the 
disease/condition

 Purpose: More about the side effects and safety of 
the drug
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Phase IV

 Often called Post Marketing Surveillance Trials.

 After registration, used in routine conditions. 

 Rare side-effects.

 Study design (Observational studies).

 Cost-effectiveness analysis in different conditions.
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Phase 0

 Phase 0 is a recent designation for exploratory, first-
in-human trials (FDA, 2006 Guidance on IND 
Studies).

 Phase 0 trials are also known as human 
microdosing studies (to speed up the development 
of promising drugs ). 

 A Phase 0 study gives no data on safety or efficacy, 
being by definition a dose too low to cause any 
therapeutic effect. 

24



Phase 0

 Phase 0 studies usually only involve a small number 
of people and they only have a very small dose of a 
drug. 
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Phase V

 Phase V is a growing term used in the literature 
of translational research to refer to comparative 
effectiveness research and community-based 
research; it is used to signify the integration of a new 
clinical treatment into widespread public health 
practice.

 “Field research" or “Community-based research“.
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Good Clinical Practice (GCP)

 An international scientific and ethical standard for 
the design, conduct, performance, monitoring, 
auditing, recording, analyses, and reporting of 
clinical trials on human subjects that provides 
assurance that :

 The data and reported results are credible and accurate, 

 The rights, integrity, and confidentiality of trial subjects 
are protected.
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ICH
www.ich.org
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The Core of the Consolidated 
GCP Guidance

1. Clinical trials should be conducted in accordance
with the ethical principles that have their origin in
the Declaration of Helsinki, and that are consistent
with GCP and the applicable regulatory
requirements.

2. Before a trial is initiated, foreseeable risks and
inconveniences should be weighed against the
anticipated benefit for the individual trial subject
and society. A trial should be initiated and
continued only if the anticipated benefits justify the
risks.



The Core of the Consolidated 
GCP Guidance(Cont.)

3. The rights, safety, and well-being of the trial
subjects are the most important considerations and
should prevail over interests of science and society.

4. The available non clinical and clinical information on
an investigational product should be adequate to
support the proposed clinical trial.



The Core of the Consolidated 
GCP Guidance(Cont.)

5. Clinical trials should be scientifically sound, and
described in a clear, detailed protocol.

6. A trial should be conducted in compliance with the
protocol that has received prior institutional review
board (IRB)/independent ethics committee (IEC)
approval/favorable opinion.



The Core of the Consolidated 
GCP Guidance(Cont.)

7. The medical care given to, and medical decisions
made on behalf of, subjects should always be the
responsibility of a qualified physician or, when
appropriate, of a qualified dentist.

8. Each individual involved in conducting a trial should
be qualified by education, training, and experience
to perform his or her respective tasks.



The Core of the Consolidated 
GCP Guidance(Cont.)

9. Freely given informed consent should be obtained
from every subject prior to clinical trial
participation.

10. All clinical trial information should be recorded,
handled, and stored in a way that allows its
accurate reporting, interpretation, and verification.



The Core of the Consolidated 
GCP Guidance(Cont.)

11. The confidentiality of records that could identify
subjects should be protected, respecting the privacy
and confidentiality rules in accordance with the
applicable regulatory requirements.

12. Investigational products should be manufactured,
handled, and stored in accordance with applicable
good manufacturing practice (GMP). They should be
used in accordance with the approved protocol.

13. Systems with procedures that assure the quality of
every aspect of the trial should be implemented.



Clinical Trial Steps
 Study population definition (Eligibility criteria)
 Design 
 Sample size
 Control group
 Random allocation
 Blindness
 Intervention
 Outcome assessment
 Complications
 Compliance
 Data management
 Analysis
 Report

35



Study Population

 The study population is the subset of the population 
with the condition or characteristics of interest 
defined by the eligibility criteria.
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Study Population(Cont.)

 Subject inclusion criteria

 Subject exclusion criteria

 Subject withdrawal criteria (i.e. terminating 
investigational product treatment/trial treatment)

 Generalizability in RCTs
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Types of Trial Designs

 Various trial design types:

 Parallel

 Crossover

 Group allocation

 Factorial

 Large, simple 

 Equivalency

 Non-inferiority

 Adaptive
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Types of Trial Designs(Cont.)

 Comparison Structure: 

 Parallel,

 Crossover and

 Group Allocation Designs

 Extensions of the Parallel Design: 

 Factorial and 

 Large, Simple Designs

 Testing for Hypotheses Other than Superiority:

 Equivalency and

 Non-Inferiority Designs

 Adaptive Designs
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Parallel Group Designs
“Gold-Standard” of Clinical Research.
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Parallel Group Design(Cont.)

 There are as many groups as study treatments under 
comparison.

 Each person is randomly assigned to one treatment 
group.

 All treatment groups are treated and evaluated 
simultaneously.
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Parallel Group Design(Cont.)

43

 Advantages:

 The duration of the study is shorter

 It is applicable to acute conditions

 The statistical analysis requires fewer assumptions

 It is simpler and makes bias-free comparisons easier to 
obtain.



Parallel Group Design(Cont.)
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 Disadvantages:

 It requires a larger sample size.

 In some few situations, it cannot be applied.



Crossover Design 
Standard 2 × 2 Crossover Design:

 Testing of both treatments in each patient

 Each patient serves as his/her own control

 Variability reduced because less variability within patient 
than between patients
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Crossover Design (Cont.)
Standard 2 × 2 Crossover Design:

 Randomization of order in which treatments are 
received

 AB or BA

 Randomization promotes balance between treatment 
groups in timing of exposure
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Crossover Design (Cont.)
Standard 2 × 2 Crossover Design:
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Cross-Over Design (Cont.)

 Advantages:

 It removes the interpatient variability from the 
comparison between treatments.

 It provides the best unbiased estimates for the differences 
between treatments.

 It decreases number of patients needed.

49



Cross-Over Design (Cont.)

 Disadvantages:

 Treatment can’t have permanent effects or cures.

 It increases the duration of the study.

 Its analysis is not straightforward. Researchers should 
consider the paired design, period and carry over effects.

 Dropouts more significant.
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Cross-Over Design (Cont.)

 Uses:

 Constant intensity of underlying disease
 Chronic diseases—asthma, hypertension, arthritis

 Short-term treatment effects
 Relief of signs or symptoms of disease

 Metabolic, bioavailability, or tolerability studies
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Group Allocation Design

 Also known as “cluster randomized trial”

 Randomization unit is a group of individuals 
(community, school, clinic)
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Group Allocation Design(Cont.)

 Individual randomization and intervention is not 
feasible or is unacceptable

 Tracking

 Contamination

 If there is a correlation in the responses within a 
group, design loses some efficiency (more individuals 
required)
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Group Allocation Design(Cont.)

 The unit of analysis may not be necessarily the same 
as the unit of randomization.

 The standard methods for sample size calculation 
and data analysis considering subject as analysis unit 
are not appropriate here. 
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Group Allocation Design(Cont.)
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Group Allocation Design(Cont.)

 Examples include schools selected as the 
experimental unit in trials evaluating smoking 
prevention programs and families selected as the 
experimental unit in trials evaluating the efficacy of 
dietary interventions.
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Factorial Trial Design

 Factorial designs can be used to evaluate the effects 
of more than one intervention at the same time.

 In a 2×2 factorial design, participants are assigned to 
interventions as follows:

– A only

– B only

– Both A and B

– Control (Not A and Not B)
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2×2 Factorial Trial Design
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A

B

Yes No Total

Yes nAB nBO NB

No nAO nOO NB´

Total NA NA´ N



Factorial Trial Designs (Cont.)

Factorial trial designs are useful in two circumstances:

1) When two or more treatments do not interact, 
factorial designs can test the main effects of each 
using smaller sample sizes and greater precision 
than separate parallel groups designs. 

2) When it is essential to study treatment interactions, 
factorial designs are the only way to do so.
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Factorial Trial Design 
Comparisons

 Estimation of main effects, if no interaction expected

 Use numbers in the margins

 A vs. no A, regardless of assignment to B

 B vs. no B, regardless of assignment to A

 Determine response
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Factorial Trial Design 
Comparisons(Cont.)

 Assessment for interaction

 Is response in A and no A different among those receiving 
B or no B?

 May have limited power to detect interaction
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Large, Simple Design

 Features

 Very large number of patients (many study sites)

 Broad eligibility criteria

 Minimal data collection requirements

 In theory then, the LST is a preferred study design 
for drug and vaccine safety research because it 
controls for biases inherent to observational 
research while still providing results that are 
generalizable to ‘real-world’ use.
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Large, Simple Design (Cont.)

 Rationale

 Modest benefits require large sample sizes

 Treatment interactions unlikely, so baseline characteristics 
and interim response variables are not needed

 Less precision (more error, increased variance) is 
tolerated; countered with large numbers
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ISIS-3 Methods

 No baseline form, randomization by phone call

 Treatment conveniently packaged

 Use of ancillary treatment not restricted

 One-page form at discharge for in-hospital events

 Follow-up for mortality only, used government 
records when possible

Source: ISIS-3 Collaborative Group (1992). Lancet 339: 753-770.

The International Studies of Infarct Survival (ISIS)
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Equivalency Design

 Objective—show that intervention response falls 
sufficiently close to control group response.

 How much difference can be allowed between treatments 
considered equivalent?

 “Detectable difference” should be small.

 Probability of detecting difference should be large.

 Therefore, large sample size is needed.
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Equivalency Design: Comparisons

 Hypothesis testing

 “Flipped” as compared to superiority

 H0—there is a difference between treatments

 HA—there is no difference between treatments

 Type I error—showing no difference when there is one

 Type II error—showing a difference when there isn’t one
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Equivalency Design: Example

 Treatment of moderate amblyopia in children

 Patching

 Atropine eye-drops

 Follow-up visits at five and 17 weeks

 Main outcome—visual acuity in amblyopic eye at 17 
weeks
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Equivalency Design: Example 
(Cont.)

 Designed to detect equivalence, defined as upper 
95% confidence limit of difference between 
treatments not exceeding five letters (one line) on 
the ETDRS chart.

Source: Scheiman, M. M., Hertle, R. W., et al. (2008). Arch Ophthalmol 126(12): 1634-
1642.
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Non-Inferiority Design

 Objective

 Determine whether treatment A (frequently a new 
treatment) is at least as good as treatment B (frequently 
an established
treatment).

 Test, if hypothesis A is worse than B, than one can be 
rejected (one-sided).
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Non-Inferiority Design(Cont.)

 Operationally, show that intervention response, if 
worse, is still sufficiently close to established 
treatment response

 “Detectable difference” is small, but hypothesis is one-
sided, so doesn’t require as large a sample size as 
equivalency trial (but level of evidence is lower).
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Non-Inferiority Design: Example

 Prevention of venous thromboembolism after total 
knee replacement

 Apixaban

 Enoxaparin

 Treatment continued for 10–14 days after surgery 
and follow-up visits at 30 and 60 days after last 
treatment.
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Non-Inferiority Design: Example 
(Cont.)

 Main outcome—composite of asymptomatic and 
symptomatic deep vein thrombosis, non-fatal 
pulmonary embolism, and all-cause death
during treatment

 Designed to detect non-inferiority, defined as upper 
95% confidence limit of RR (apixaban vs. enoxaparin) 
of 1.25 and RD of 5.6%.

Source: Lassen, M. R., Raskob, G. E., et al. (2010). Lancet 375(9717): 807-15.
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Randomization



Concept 

 The use of randomization can avoid subjective 
assignment of treatments to patients who 
participate in clinical trials.

 Randomization tends to 

 Produce study groups comparable with respect to known 
and unknown risk factors.

 Removes investigator bias in the allocation of participants.

 Guarantees that statistical tests will have valid significance 
levels.



Difference Between Two 
Concepts

 Random selection (Sampling)

 Random allocation
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Pseudorandomization

 Some systematic unacceptable methods for 
assignment 
 Assignment of patients to treatment according to the 

order of enrollment (every other patient is assigned to one 
group).

 Assignment of patients to treatment according to patient’s 
initial.

 Assignment of patients of treatment according to patient’s 
birthday.

 Assignment of patients according to the dates of 
enrollment.



Randomization Methods

 Types of randomization methods

 Complete (simple) randomization

 Restricted randomization

 The permuted-block randomization

 Stratified randomization

 The adaptive randomization



Complete Randomization

 Also known as Simple Randomization.

 No restrictions are enforced on the nature of 
randomization sequence except for the number of 
patients required.



Complete Randomization(Cont.)

 Properties

 The chance that a patient receives either the test drug or 
the placebo is 50%.

 Randomization of assignments is performed 
independently for each of the N patients.

 The randomization codes can be generated either by 
the table of random numbers or by a software. 



Table of Random Numbers



Complete Randomization(Cont.)

 It is possible that a trial will end up with an unequal 
number of patients in each treatment group.

 One of the major disadvantages of simple 
randomization is that treatment imbalance can occur 
periodically. 
 The randomization is performed within each center and 

the number of patients to be enrolled at each center is 
usually few.

 Most clinical trials recruit patients sequentially: 
demographic factors or baseline characteristics change 
over time.



Permuted-Block Randomization

 In addition to the assurance of treatment balance, 
the permuted-block randomization can account for a 
possible time-heterogeneous population by forcing a 
periodic balance.



Permuted-Block 
Randomization(Cont.)

 First divide the whole series of patients into blocks 
with appropriate (typically equal) blocking sizes. 

 Then randomize the patients within each block to 
ensure that an equal number of patients will be 
assigned to each group.



Balanced Block Randomization

1. AABB

2. ABAB

3. ABBA

4. BBAA

5. BABA

6. BAAB

1 3 2 9 1

6 4 3 8 7

3 1 2 5 8

2 4 1 7 3

4 5 3 9 6
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Stratified Randomization

 Ensure balance in treatment assignments within 
subgroups defined before Randomization.

 Clinic, gender, risk level

 Subgroup should be related to outcome—strong 
confounder or effect modifier.

 Requires a separate set of treatment assignments 
schedules for each category of each stratum.
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Adaptive Randomization

 A process in which the probability of assignment to 
the treatments does not remain constant, but is 
determined by the current balance and/or 
composition of the groups (Piantadosi, 1997).



Adaptive Randomization

 In practice, it is also of interest to adjust the 
probability of assignment of patients to treatments 
during the study. 

 The probability of the treatment to which a current 
patient being assigned is adjusted based on the 
assignment of previous patients.



Adaptive Randomization
 Treatment adaptive randomization

 Biased coin

 Urn randomization

 Covariate adaptive 

 Minimization

 Response adaptive randomization

 Play the winner

 Modified play the winner

 Randomized play the winner



Adaptive Randomization
 Treatment adaptive randomization: If more patients were randomized to 

the test drug group, then the next patient will be assigned to the placebo 
group with a probability greater than ½

 Biased coin

 Urn randomization

 Covariate adaptive randomization (minimization Method ): covariate 
balance with respect to these prognostic factors

 Not recommended for trials with sample sizes greater than 100.

 Response adaptive randomization: adjust for the assigning probability 
according to the success or failure of the treatments to which previous 
patients were assigned

 Play the winner

 Modified play the winner

 Randomized play the winner



Allocation Concealment
(Randomization Blinding)

 Efforts made to generate 
unpredictable and unbiased sequences 
are likely to be ineffective if those 
sequences are not protected by 
adequate concealment of the 
allocation sequence from those 
involved in the enrolment and 
assignment of participants.



Allocation Concealment
(Randomization Blinding)

 Concealment of allocation sequence shields those 
who admit participants to a study from knowing the 
upcoming assignments.
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Masking (Blinding)



Masking

 Synonymous with blinding.

 Treatment assignment is not known after
randomization.

 Patient, clinic personnel, evaluators, data processors, 
analyst, independent review committee, sponsor . . .

 Single, double, triple, quadruple . . .

 protects against information bias

 Not the same as concealment of treatment 
assignment prior to randomization.

 Concealment protects against selection bias
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Definition

 Any attempt to make the various participants in a 
study unaware of the assigned treatment, so that 
they should not be influenced by their knowledge or 
preconception in their report, assessment, recording, 
analysis and interpretation. 
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Level of Masking

 Unblended or Open label

 Single blind

 Double blind

 Triple blind
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Level of Masking

 Single

 Participant is masked

 Double

 Participant and clinical investigator are masked

 Triple

 Participant and clinical investigator and “others” are 
masked
 Others: outcome evaluators, data analysts, data

monitoring committees, sponsors . . .

106
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If You Think Research Is 
Expensive, Try Disease.

Mary Lasker (1900-1994)
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