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Principles in conducting a non-interventional RWE study
What is the research 
question?

Develop a specific hypothesis for a defined research 
question to bridge the evidence gaps

Are available data fit-for-
purpose?

(1) representativeness  (2)  validity and (3) missing data

Are methods of sufficient 
rigor?

(1) Study design (2) Study analysis and (3) Sensitivity 
analysis

Is the study credible? (1) Stakeholder engagement (2) Transparency (3) 
Reproducibility (4) Consistency with existing evidence
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A case study of RWE in China for an indication within a new 
population for denosumab



What is the research question? 

• Evidence Gap: Data in Chinese population 

Research question:  Is the safety and 
effectiveness of denosumab for fracture 
reduction in Chinese women with post-
menopausal osteoporosis consistent with 
the global patient population?

Storm NE, et al. A Novel Case Study of the Use of Real-World Evidence to Support the Registration of an Osteoporosis Product in China. Ther Innov Regul Sci. 2022
National Academies of Sciences. 2019. Examining the impact of real-world evidence on medical product development: Proceedings of a workshop series. Washington, DC

Clinical trial 
data > 20,000 
subjects

FDA & EMA 
Post-
Marketing 
study

17 million patient-
years of post-
market exposure 
in > 80 countries

Prior bridging 
studies in 
Japan and 
Korea

• Available evidence of denosumab:
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Representative Hong Kong electronic medical records (>80% of medical care) 
Taiwan claims data (>99% of population)
Includes all types of patients often excluded from clinical trials 

Large
sample size

Includes ~ 40,000 Chinese women with real-world use of denosumab
Enables identifying rare safety events

Complete
follow-up

Single system for data collection enable complete follow-up for 
identifying safety and effectiveness endpoints
Study includes patients with up to 5 years of denosumab use

Contains key 
endpoints of 
clinical interest

Enables the characterization of outcomes most important to patients

Study includes clinical fractures

Are available data fit-for-purpose?



Are available data fit-for-purpose?

Validity 
of 
endpoint

Endpoint of hospitalized hip fracture validated in both data sources by 
independent assessment of radiographs
Hong Kong -- 100% of hip fractures coded as fracture, where verified to be 
fracture (1)

Taiwan -- 98% of hip fractures coded as fracture, where verified to be 
fracture

Validity
of exposure

Therapies administered by a health care provider provides clear record of 
use

Validity 
of 
co-variates

59 co-variates with a relationship to outcome were available in data 
source

1) Sing CW et al. Validity of major osteoporotic fracture diagnosis codes in the Clinical Data Analysis and Reporting System in Hong Kong. Pharmacoepidemiol Drug Saf. 2017
2) Lai EC, Lin TC, Lange JL, Chen L, Wong ICK, Sing CW, Cheung CL, Shao SC, Yang YK. Effectiveness of denosumab for fracture prevention in real-world postmenopausal women with 

osteoporosis: a retrospective cohort study. Osteoporos Int. 2022



Study design: Are methods of sufficient rigor?

Design 
principles to 
emulate a 
clinical trial (1)

New users design - a cohort of patients from the time of treatment initiation to facilitate assessing 
patients’ pretreatment characteristics and to capture all events occurring anytime during follow-up.

Active comparison group – Treatment cohort (patients receiving denosumab every 6 months) versus 
a off-treatment cohort that had discontinued therapy after 1 dose of denosumab
- supports assumption that patients initiating a treatment have similar level of baseline disease 

severity
- one dose of denosumab has no known clinical benefit (i.e., a proxy for placebo of randomized 

clinical trial)



Contributions of study design and use of propensity scores to balance cohorts on 59 
risk factors for fracture outcome

Lai EC, Lin TC, Lange JL, Chen L, Wong ICK, Sing CW, Cheung CL, Shao SC, Yang YK. Effectiveness of denosumab for fracture prevention in real-world postmenopausal women with 
osteoporosis: a retrospective cohort study. Osteoporos Int. 2022



Are methods of sufficient rigor? 
Approaches used to assess unmeasured confounding

High-Dimensional Propensity Score Analysis: Adjust for large numbers of covariates, as 
these variables may collectively be proxies for unmeasured confounding factors 
• Results consistent with primary analysis
Quantitative Bias Analysis: Estimate the strength of unmeasured confounding needed to 
explain the results in context of likely prevalence of unmeasured confounding factors 
• Smoking prevalence of < 5% in study population, hence not able to explain results
Negative Control Outcomes: An endpoint with no expectation of difference in incidence 
rates between cohorts 
• Fracture events during the first dose of treatment)
Inspect the balance of unmeasured variables (bone mineral density and body mass 
index) within subset (7%) of study population having available data 
• Balance in covariates suggested these variables were less likely to be significant 

confounders in study population



Is the study credible?
Regulatory interaction process before, during, and after study

June
2020

June
2018

China Center for Drug 
Evaluation
Meeting #1

Initial discussion if RWE-
based approach 
applicable to inform if 
benefit:risk of 
denosumab in Chinese 
women is consistent 
with global patient 
population

China Center for Drug 
Evaluation
Meeting #2

Feedback on technical 
components of 
protocol and analytical 
plan prior to study 
start; including local 
clinicians and RWE 
experts, study 
investigators

China Center for Drug 
Evaluation
Meeting #3

Discussion of RWE 
results; how to 
integrate into 
marketing application 
and process for 
regulatory review

Marketing 
authorization 

application

Marketing 

approval

Denosumab for the 
treatment of 
postmenopausal 
women with 
osteoporosis at high 
risk for fractures

Storm NE, Chang W, Lin TC, Lange JL, Bradbury B, Critchlow CW, Galson SK. A Novel Case Study of the Use of Real-World Evidence to Support the Registration of an Osteoporosis 
Product in China. Ther Innov Regul Sci. 2022



Is the study credible?
Reproducibility of study

1)  Conceptual replication Research question is approached by different investigators 
using a different data source and similar methods to assess if same 
clinical interpretation
- per protocol replication of analysis in Hong Kong  and in Taiwan  by 
individual investigators

2)  Direct replication Research question is approached by using the same methods in the 
same data source to evaluate if the same results
- Public posting of protocol (ENCePP) and statistical analysis plan
- Extensive detail on data curation
- SAS code used in analysis with detailed annotation



Is the study credible?
Consistency with prior evidence

Real world evidence (2021)Randomized clinical trial (2010)



New evidence:

What is the research question? 

• Evidence Gap: Data in Chinese population Clinical trial 
data > 20,000 
subjects

FDA & EMA 
Post-
Marketing 
study

17 million patient-
years of post-
market exposure 
in > 80 countries

Prior bridging 
studies in 
Japan and 
Korea

• Available evidence of denosumab:

Results of our studies have shown that 
denosumab in Chinese population is 
consistent with other populations 
It was licensed by the NMPA in 2020 
based on the totality of the existing 
data including RWE from HK & Taiwan
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Why choose our team?



Track record in investigating fractures
JAMA



Track record in conducting multinational studies

Lancet Psychiatry Lancet Public Health



Lancet Psychiatry 

“Father of the health-care big data 
research in Hong Kong”

Recognized expertise in big data analytics 



InnoHK – funded ITC



Set up by HKUMed and D24H (InnoHK) scientists 
Experts in using Hospital Authority data
Extensive research database network in Asia and rest of the 
world
• Japan, Korea, Taiwan, NZ, UK, US and Scandinavian countries   
Protocol design and study execution 
• Disease prevalence 
• Unmet medical need analysis
• Risk Management Plan
• Medication effectiveness and safety evaluation using Real World Data 

(RWD)
Support 1+ application in Hong Kong 

Advanced Data Analytics for Medical Science (ADAMS)



Conclusions
•Regulatory guidance and use cases are supporting an emerging 
framework for RWE use to support regulatory decision-making

•Appropriateness of RWE use and implementation is guided by:

What is the research question?
Are available data fit-for-purpose?
Are methods of sufficient rigor?
Is the study credible?
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