
Workshop  on ICH-GCP
13-14 February 2020



Outline

I. Research Question

II. Statistical Errors

III. Selection of Study Design

IV. Study Design & Statistical Concepts



Research Question

Dr. Khin Thet Wai 
Director (Retd.), Chairperson, 

IRB (DMR)



I. A good research question 

FEASIBLE

 INTERESTING

NOVEL [NEW & ORIGINAL]

ETHICAL

RELEVANT

The definition of research question is key to 
research design.



Anatomy of a Good Research Question

P= Research Problem Identification : POPULATION

(disease, condition, stage, severity)

I = Intervention, Prognostic Factor  or  Exposure

C = Comparison 

(two drugs, a drug and no medication or a placebo, or two
diagnostic tests, two interventions for BCC)

O = Outcome 

 What can you hope to accomplish, measure, improve or 
affect?

 Relief or elimination of symptoms?

 Reduce the number of adverse events?

 Improve function or test scores? Quality of life?



Example

"What is the quality of life?“

The group of patients (e.g. age), the area (e.g. Germany), the

disease (e.g. carcinoma breast), the condition (e.g. tumor stage

3), perhaps also the intervention (e.g. after surgery), and

what endpoint (in this case, quality of life) is to be determined

with which method (e.g. the EORTC QLQC30 questionnaire)

at what point in time.

"What is the quality of life of patients with CA breast,
tumor stage 3 eee 40-50 years age group in Myanmar
after surgery with or without counselling if measured by
EORTC QLQC30 questionnaire in 2017?”



Example
 Study Population (P)

 Patients co-infected with HBV and HIV, regardless of
gender, age, the severity of infections and HBV genotype
were included.

 Interventions (I)

 Antiviral drugs (monotherapy or combination treatment)
for the treatment of HBV infection were considered.

 Comparisons (C)

 Data from an antiviral drug versus an alternative antiviral
drug, combination treatment, or placebo were included.

 Study Outcomes (O)

 Treatment success (virologic response) was defined as
achieving undetectable levels of HBV DNA in patients at
the end of 1 year (36–52 weeks).
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II. Statistical Errors

STUDY  DESIGN
No randomization in controlled 

trials
Inappropriate Control Group

DATA ANALYSIS Unpaired Test for Paired Data

DATA 
PRESENTATION

SE but not SD
Pie charts for continuous 

variables

DATA 
INTERPRETATION

Interpretation of poorly done 
study as a well done one



Under
estimated 

Significance 
of 

Study 
Design

Subsequent 
Quality

Reliability 
of 

conclusion

Ability to 
publish a 

study

Six Main 
Considerations

 The question to be 
answered 

 The study population

 The unit of analysis

 The type of study

 The measuring technique

 The calculation of sample 

size

III  STUDY DESIGN



Choice of Study Design

The choice of the study design is mainly

determined by:

 Objectives of the study

 Available resources

 Time frame allowed
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 Detailed report of one or 

a series of patients

 Describe clinical 

characteristics of a well-

defined  group of patients 

without comparison group 

(e.g., pts. with a certain 

disease)
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Case reports 

and case 

series



time
Study only exists 
at this point in 
time

• An “observational” design that 

surveys exposures and disease 

status at a single point in time

• Observe prevalence of a 

disease, not incidence of 

disease

• Can be usually performed in a 

short time

• Association can be 

investigated

• Causality usually cannot be 

inferred

• Can be useful for generating 

hypotheses
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Cross-

sectional

studies



To examine the relationships

between exposure and disease

status (or health outcome) in

order to judge whether a

particular exposure causes or

prevents disease
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B. Analytic/Observational Studies

Cross-sectional 

Comparative 
Studies

Cohort  Studies

Case-Control 

Studies



Case-Control Study

Strengths
 Less expensive & time

consuming

 Efficient for studying rare
diseases

Limitations
 Inappropriate when

disease outcome for a
specific exposure is not
known at start of study

 Exposure measurements
taken after disease
occurrence

 Disease status can
influence selection of
subjects
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Experimental Studies

PHASE I: Pharmaco kinetics &
dynamics studies in a small number of
healthy volunteers (20-80)

PHASE II: Standard treatment method
has to be compared with placebo (75-300)

PHASE III:  Whether the new drug is 
better than the standard drug (at least 2 
RCTs required) (1,000-2,000)

PHASE IV:  
Post-marketing product surveillance studies,
conducted on patients in daily life; approved;
evaluate the adverse effect and various
additional indications of a new drug.



Randomised Controlled Trials

Self-controlled study: no independent control group

Cross-Over Design: self-controlled & independent  gps

Parallel  Group Design

Factorial  Design





Pros and Cons of the Crossover Trials

 A controlled trial where each participant has both therapies e.g
is randomised to treatment A first then starts treatment B.

 Advantages:
- all participants serve as own controls and error  variance is 
reduced, thus reducing sample size needed
- all participants receive treatment (at least some of the time)
- statistical tests assuming randomisation can be used and
blinding can be maintained

 Disadvantages:
- all participants receive placebo or alternative treatment at 
some point
- washout period lengthy or unknown
- cannot be used for treatments with permanent effects



Parallel Group Design



RCT with Full Factorial Design

Preventing falls among older people

Group-based 
Exercise

Home hazard 
Management 

Vision 
Improvement 

No 
Intervention

Self-reported time to first 
fall after intervention



 A design with subjects 
randomly assigned to 
“treatment” and 
“comparison” groups

 Provides most convincing 
evidence of relationship 
between exposure and effect

 Not possible to use RCTs to test 
effects of exposures that are 
expected to be harmful, for 
ethical reasons 

 The “gold standard” of 
research designs
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OPEN LABELLED RCT



Methods of minimizing BIAS



Methods of minimizing BIAS (contd.)

Blinding

OPEN  
LABEL

SINGLE 
BLIND

DOUBLE  
BLIND



Pros and Cons of the RCT

Advantages:

 unbiased distribution of confounders

• blinding more likely

• randomisation facilitates statistical analysis

Disadvantages:

• expensive: time and money

• volunteer bias

• ethically problematic at times 



Cluster randomized trial (CRT)

 A type of trial in which groups of subjects are 

randomized in contrast with a traditional clinical 

trial

 Randomize different communities, clinics, or 

cities to either get or not get a particular 

intervention

 Cluster RCTs are defined as having “groups or 

clusters of individuals rather than individuals 

themselves . . . randomized to intervention 

arms” (Eldridge & Kerry, 2012, p. 3).

Source: University of Chicago, 2013



Examples of cluster 
randomized trial (CRT)



 Trials on communities rather than patients

 Usually quasi-experimental 

(absence of randomization (or) control)

 Usually test of preventive measures

Examples:

- Iron-fortified salt and anemia in the community 

- Impregnated bed net and malaria morbidity 
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Community trial



SYSTEMATIC REVIEWS 

A systematic review is a means of

identifying, evaluating and

interpreting all available research

relevant to a particular research

question, or topic area, or

phenomenon of interest.
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Systematic reviews and meta-

analyses are essential to

summarize evidence relating to

efficacy and safety of health

care interventions accurately

and reliably.



SYSTEMATIC REVIEWS (Contd.) 
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 Cochrane Systematic
Reviews are of primary

research in human health

care and health policy

 Internationally recognized as

the highest standard in

evidence-based health care

 Investigate the effects of

interventions for prevention,

treatment and rehabilitation

 Assess the accuracy of a

diagnostic test for a given

condition in a specific

patient group and setting
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FURTHER READINGS: Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC,
Ioannidis JPA, et al. (2009) The PRISMA Statement for Reporting Systematic Reviews
and Meta-Analyses of Studies That Evaluate Health Care Interventions: Explanation and
Elaboration. PLoS Med 6(7): e1000100. https://doi.org/10.1371/journal.pmed.1000100



Rating Evidence

 Systematic reviews

 Randomized clinical trials

 Non-randomized clinical

trials

 Cohort study

 Case-control study

 Cross-sectional study

 Ecological study
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Network Meta-analysis (NMA)





Effectiveness-implementation Hybrid Designs

 Combining Elements of
Clinical Effectiveness
and Implementation
Research to Enhance
Public Health Impact

 Important to assess
implementation
outcome variables

 [Acceptability,
Adoption,
Appropriateness,
Feasibility, fidelity,
Implementation cost,
Coverage,
Sustainability]

Clinical 
Effectiveness

Design

Implementation 
Research

Design

Effectiveness of 
Health 

Intervention

Implementation 
Strategy 



IV. Study Design and Sampling Issues

Appreciation of statistical methodology often leads
to the design of a study with increased precision and
consequently, a smaller sample size.

It is good design that is needed, not
necessarily a large sample size.

Studies with poor design are unethical.



Study Design and Sampling Issues

Whatever the study design, a calculation must be
performed before the start of the study to estimate the
necessary number of units of analysis (for example,
patients) to answer the main study question.

Sample size planning helps to ensure that the study is large

enough, but not excessively large.

If the sample is small, the power will also be low, bringing

the risk that real differences will not be identified.

New knowledge is won from a single accurately

performed, well designed study of adequate size.



Sample size re-estimation (SSR) in sample size 
adjustable  (SSA)designs

 High degree of uncertainty in estimated event rates at
the design stage

 Lack of availability of reliable parameter estimates to
calculate the sample size

 Therefore mid-course adjustment is essential to
reach a definitive conclusion.

 The original sample size could be revised based on
estimates derived from interim data.

 SSR techniques offer potential for improving program
efficiency by allowing mid-course sample size
adjustment.



Descriptive & Inferential Statistics

 Descriptive Statistics

Summarize, describe or show data, and in the early stage of

analysis help give a “feel” for the data.

 Inferential Statistics

Inferential statistics allow conclusions or comparisons to
be made from a sample or population, such as a group of
patients.



Choosing a right statistical test

The scale of

measurement

of the test variable

CONTINUOUS BINARY
CATEGORI

-CAL

The type of

study design

PAIRED UNPAIRED
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