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Disclaimer
• This presentation reflects the views of the 

author and should not be construed to 
represent  FDA’s views or policies. The author 
have no conflicts of interest to disclose. 
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Outline

• Overview of Real-World Data/Real-World 
Evidence

• Things to Consider in Conducting an 
observational study

• Illustration of an Observational Study with Case 
Study
– Clarithromycin and CV risk

• Concluding Remarks
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Definition
• Real-World Data (RWD): data relating to patient health status 

and/or the delivery of health care routinely collected from a 
variety of sources  
– Electronic health records (EHRs), claims and billing data, data from 

product and disease registries, patient-generated data including in 
home-use settings, and data gathered from other sources that can 

inform on health status, such as mobile devices 

• Real-World Evidence (RWE): the clinical evidence regarding the 
usage and potential benefits or risks of a medical product 
derived from analysis of RWD 
– RWE can be generated by different study designs or analyses, including

but not limited to, randomized trials, such as large simple trials, 
pragmatic trials, and observational studies (prospective and/or 
retrospective )

Source: https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
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Background
• 21st Century Cures Act (2016)

– Designed to accelerate drug development and bring new innovation and 
advances faster and more efficiently to the patients

– FDA shall establish a program to evaluate the potential use of real-world 
evidence (RWE) to support:

– Approval of new indication for a drug already approved 
– Post-approval study requirements 

• PDUFA VI Commitment Letter (2017)
– Enhance use of RWE in regulatory decision making

• Initiate appropriate activities (e.g., pilot studies or methodology development projects) to 
address key issues in the use of RWE for regulatory decision-making purposes

• Publish draft guidance on how RWE can contribute to the assessment of safety and 
effectiveness in regulatory submissions (e.g., supplemental applications, post-marketing 
applications)

• Guidance “Framework for FDA’s Real-World Evidence Program” (2018)
– FDA’s RWE program will focus on exploring the potential use of RWD/RWE to 

support regulatory decisions about product effectiveness
• Specifically, changes to labeling about drug product effectiveness including adding or 

modifying an indication such as change in dose, dose regimen, or route of administration; 
adding a new population; or adding comparative effectiveness or safety information
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From Traditional Clinical Trials To Observational Study
Randomized, Interventional Clinical Trial Non-randomized, 

Interventional Clinical 
Trial

Non-randomized, non-
interventional study

Traditional Clinical Trial Large Simple Trial, 
Pragmatic Trial

Single-arm Trial Observational Study

• Single or double blind
• Supported by a research 

infrastructure that is largely 
separate from routine 
clinical practice

• Designed to control 
variability and maximize 
data quality

• Have restrictive eligibility 
criteria

• Strict follow-up

• Conduct in routine practice 
setting

• Minimal eligibility criteria
• Less strict follow-up

• Typically, in rare disease or 
oncology

• External control from 
historical data or RWD

• Treatment or drug is given 
based on physician’s 
decision

• Depending on data 
collection method: 
retrospective study vs. 
prospective study

• Retrospective study: study 
population is defined using 
existing RWD data

• Prospective study: data is 
collected prospectively and 
follow patients in routine 
clinical setting

Increasing internal validity 

Increasing reliance on RWD, generalizability 
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Example of RWD
• Electronic Health Record (EHR): an individual patient 

record created in physician’s office during routine care
– Include medical history, diagnosis, lab and diagnostics test, 

treatment history, pharmacy records, radiology images
• Medical claims data: generated through paid claims in 

administrative system  
– Include information necessary for reimbursement of medical 

services such as diagnosis, procedure, dispensed prescription 
medication 

• Registry data: organized system that uses observational 
study methods to collect data to evaluate particular 
disease, condition or exposure
– Cancer registry, pregnancy registry, transplant registry

Note: these are not intended for research or regulation purpose.
These are not under the control of FDA-regulated entities such as pharmaceutical company
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Misuse of RWD: Hydroxychloroquine Controversy 
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Goal of RWD/RWE

• Increase the diversity of populations and clinical 
settings that reflect actual use in practice

• Improve study efficiency by larger sample size, 
lower resource intensity and making use of existing 
data

• While maintaining current evidentiary standards
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Substantial Evidence of Effectiveness

https://www.fda.gov/media/133660/download

https://www.fda.gov/media/133660/download
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Characteristics of Adequate & Well-
Controlled Study (21CFR314.126)

1. Clear objectives, summary of methods & results
2. Design permits a valid comparison with a control (concurrent 

and historical controls)
3. Adequate selection of patients
4. Assigning patients to treatment and control groups minimizes 

bias 
5. Adequate measures to minimize biases on subjects, observers, 

and analysts 
6. Well-defined and reliable assessment of subjects’ responses
7. Adequate analysis to assess drug results

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=314.126

Key question: non-traditional RCT or observational study can meet these characteristics? 

randomization

blinding

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=314.126
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Activities within FDA
• Sentinel initiative

– https://www.sentinelinitiative.org/

• FDA regulatory science projects
– Pharmacoepidemiologic studies in collaboration with other Federal partners
– RCT DUPLICATE initiative

• https://healthpolicy.duke.edu/events/evaluating-rwe-observational-studies-regulatory-
decision-making-lessons-learned-trial

– Grant awards for projects exploring the use of Real-World Data to generate Real-
World Evidence in regulatory decision making in 2020

• https://www.fda.gov/drugs/science-and-research-drugs/fda-announces-4-grant-awards-
projects-exploring-use-real-world-data-generate-real-world-evidence

• Development of guidances
– https://www.fda.gov/science-research/science-and-research-special-topics/real-

world-evidence

https://www.sentinelinitiative.org/
https://healthpolicy.duke.edu/events/evaluating-rwe-observational-studies-regulatory-decision-making-lessons-learned-trial
https://www.fda.gov/drugs/science-and-research-drugs/fda-announces-4-grant-awards-projects-exploring-use-real-world-data-generate-real-world-evidence
https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence


https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence

Coming soon 

https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
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Current Status of RWD/RWE in Drug Development 

• In drug safety,
– RWD has been widely used in postmarket drug safety 

setting even before 21st Century Cures Act
• In drug efficacy, 

– Focus of FDA’s RWE program
– Historical control has been used mainly in rare disease 

and oncology drug development 
– Still limited number of approved drug for new 

indication using RWD as a primary evidence
– Number of IND submissions using RWD is expected to 

increase 
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Example: IBRANCE®
(Indication expansion)

• Palbociclib (Ibrance): approved for the treatment of estrogen 
receptor-positive, HER2-negative advanced breast cancer in 
women in combination with letrozole in 2015 (accelerated 
approval)

• In 2019, supplemental NDA was approved to expand the 
indications to male patients with breast cancer

• Data: One RCT and Two observational studies
– PALOMA-2:  Randomized clinical trial 

• Updated results in women with breast cancer were reviewed and used as  
the primary evidence

– A5481097: retrospective cohort study with administrative claims data
• This study was not considered for approval because of limitations 

– Flatiron health study: retrospective cohort study with EHR data 
• This study was used for supportive evidence of efficacy of palcocicib for male 

patients with breast cancer 
Source: FDA’s review, https://www.accessdata.fda.gov/drugsatfda_docs/nda/2019/207103Orig1s008.pdf

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2019/207103Orig1s008.pdf
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Benefit and Risk Assessment of 
IBRANCE®

Evidence                                       Conclusion

Source: FDA’s review, https://www.accessdata.fda.gov/drugsatfda_docs/nda/2019/207103Orig1s008.pdf

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2019/207103Orig1s008.pdf


Things To Consider in Conducting 
an Observational Study

Focused on Retrospective 
Observational Study 
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Revisit: Characteristics of Adequate & Well-
Controlled Study (21CFR314.126)

1. Clear objectives, summary of methods & results
2. Design permits a valid comparison with a control (concurrent 

and historical controls)
3. Adequate selection of patients
4. Assigning patients to treatment and control groups minimizes 

bias 
5. Adequate measures to minimize biases on subjects, observers, 

and analysts 
6. Well-defined and reliable assessment of subjects’ responses
7. Adequate analysis to assess drug results

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=314.126

Key to success for using observational study

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=314.126
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Key Components in Designing Observational 
Study

Study Objective Type of study
Study population: 

inclusion/ exclusion 
criteria

Exposure: strategy to 
capture accurate 

exposure information 
and to avoid 

misclassification

Outcome: method for 
adjudication or 

validation of outcome
Sample size estimation

Statistical Method
•Confounding adjustment 

method
•Primary Outcome model

•Potential sensitivity analysis

Data Source

This should be all pre-specified in study protocol or statistical analysis plan
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Causal Inference
• Association is not necessarily causation

– Causal inference aims to draw causal conclusion on the effect of 
drug on the outcome based on data

• Randomized clinical trial: gold-standard for causal 
inferences
– Treatment assignment is random 
– In theory, baseline characteristics between groups are similar
– Difference in the outcome can be considered as a causal 

treatment effect
• Observational study 

– Treatment selection is NOT random 
– Difference in the outcome is not the causal effect of treatment 

due to measured and unmeasured confounders
– Goal: to mimic RCT 

Major challenge in observational study : treatment groups are not comparable! 
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Confounders 

• When the distribution (such of mean) 
of age is not balanced between drug A 
and comparator (drug A has more 
younger patients), the effect of drug on 
hypertension will be confounded by 
age 

• How to deal with unbalanced age 
variable

– Adjust age variable in the outcome model 
– Matching on age  
– Weighting  

• It may not be feasible when there are 
many confounders

– Solution: propensity score method

Age

Drug A Hypertension 

Hypothetical example: effect of drug A on treating hypertension compared to a comparator
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Propensity Score Method
What is it? How is it estimated? What do we do with it? 

• Probability of 
treatment assignment 
conditioned on 
measured covariates 

• Summary measure of 
multiple confounders

• Supported by solid 
statistical foundation 

• Statistical model such 
as logistic regression

• Need assumptions such 
as consistency, 
positivity, no 
unmeasured 
confounders and 
correct model 
specification 

• Machine learning 
technique can be used 
to relax the assumption 
of correct model 
specification 

• Matching
• Inverse probability of 

treatment weighting 
(IPTW)

• Stratification



25

Propensity Score Method
• Goal of observational study is to mimic RCT
• Goal of PS analysis is to make comparable treatment 

groups like RCT
• PS analysis should be performed before conducting 

outcome analysis
– Even in retrospective study, you should be blinded to the 

outcome when conducting PS analysis
• Diagnostics should be always considered in PS analysis

– Overlap of PS distribution between treatment groups
– Covariates balance diagnostics before and after PS application 

• Statistical testing such as chi-square test or t-test is not 
recommended for large sample size 

• Standardized mean difference based on ±10% has been well 
accepted

– This also should be done before outcome analysis
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Other Sources of Potential Biases 

• Drug exposure misclassification
• Outcome misclassification
• Selection bias
• Residual confounding
• Unmeasured confounders

Sensitivity analyses are always recommended



Case Study of Conducting 
Observational Study 

Clarithromycin – CV risk 
FDA initiated project 

This work has been published by American Journal of Epidemiology
: https://www.ncbi.nlm.nih.gov/pubmed/29036565

https://www.ncbi.nlm.nih.gov/pubmed/29036565
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Study Overview 
• Objective: To evaluate risks of cardiovascular events and all-

cause mortality in adult patients by use of clarithromycin 
• Design: A retrospective cohort study of two new user cohorts  

in the U.K. Clinical Practice Research Datalink (CPRD), from 
January 1, 2000 through December 31, 2013
– All indication cohort (Main cohort)

• Clarithromycin (CLA) was compared to Doxycycline (DOXY) and 
Erythromycin (ERY)

– H. pylori indication cohort
• A triple therapy with and without clarithromycin 

– A proton pump inhibitor (PPI)+amoxicillin +clarithromycin(PPI+AMOX+CLA)
– PPI + amoxicillin + metronidazole (PPI+AMOX+MET)

• Outcomes: A composite outcome defined as any first occurrence of 
AMI, stroke and all-cause mortality / All-cause mortality
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Statistical Method
• Confounding adjustment method: Inverse probability 

of treatment weighting (IPTW) based on propensity 
score  

– Propensity score was estimated by logistic regression 
by adjusting 40 potential confounders

– Weight for each subject was calculated by inverse of 
propensity score

• Primary outcome model: Weighted Cox proportional 
hazard model 
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Baseline Characteristics
Before PS weighting                  After PS weighting

Selected covariates 
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Distribution of PS Shows Good Overlap

Propensity Score

Exposure: PPI+AMOX+CLA

Comparator: PPI+AMOX+MET

For illustration purpose, this is from h.pylori cohort with two groups for comparison 
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Balance Checking

Standardized Mean Difference 

● Before
○ After Matching
● After IPTW

-30%                     -20%                       -10%                         0                           10%                20%                     30% 

For illustration purpose, this is from h.pylori cohort with two groups for comparison. 



33

Study Conclusion
• In main cohort, use of clarithromycin showed statistically 

significant increased risk of all-cause mortality compared 
to both doxycycline and erythromycin
– The risk was dose-dependent
– Clarithromycin group also showed slight increased risk of 

AMI and stroke compared to both doxycycline and 
erythromycin

• In H.pylori eradication cohort, mortality slightly increased 
with clarithromycin containing triple therapy, which was 
not statistically significant
– Possibly due to lack of study power

• Study findings were incorporated in update of Drug 
Safety Communication (DSC) in 2018
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Closing Remarks 

• 21st century cures act opened a new door in 
drug development 

• Still require high standard to meet regulatory 
requirement
– Major challenge in non-intervention/non-

randomized studies is to overcome potential biases 
from multiple sources

– Should make extra efforts in designing the study
• Early communication with FDA is key to success



Thank you!

Question to 
jooyeon2.lee@fda.hhs.gov
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