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Welcome to the Sentinel Innovation and Methods 
Seminar Series 

The webinar will begin momentarily

Please visit www.sentinelinitiative.org for recordings of past sessions and details on upcoming webinars.

Note: closed-captioning for today’s webinar will be available on the recording posted at the link above.

https://www.sentinelinitiative.org/
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Motivation
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Why do we need another framework?

Quality assessment tools Reporting tools Best practices

Misc: Highly specific or focusing on parts of the process 



|   6Sentinel Initiative

What do we have?

• Various tools exist in the literature for quality assessment, reporting, and describing best practices for 
pharmacoepidemiologic research 

What don’t we have?

• None of these tools offer a general framework to guide decision making at various steps when designing a study to 
answer a causal question

Vision for a framework to guide principled investigations using healthcare data

• The Sentinel Innovation Center has developed a causal inference framework proposing a stepwise process that 
systematically considers key choices with respect to design and analysis that influence the validity of non-
interventional studies conducted with healthcare data

• A standardized process outlined in this framework will serve as a guide to inform the conduct of non-
interventional studies using healthcare data for drug-outcome evaluation

• Key considerations to meet the FDA need of informing regulatory decision making based on such investigations

• Limit variations in practice across investigators by outlining a general process

• Focus on repeatability of the process

• Written and endorsed by independent experts

Why do we need another framework?
Discussed previously- for reference only
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Overview of the Process
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Step 1: Specification of the target trial protocol  
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Step 2a: Describing the emulation of each component of the target trial protocol  

Wang et al. BMJ. 2021;372:m4856

• A structured protocol detailing operationalization of 
variable definitions, including all codes and 
algorithms used for eligibility criteria, treatment 
strategies (including treatment initiation and 
discontinuation), outcomes, and confounders

• Other considerations include statistical analysis 
plans for the primary analysis

• Example of a template- STaRT RWE2



|   11Sentinel Initiative

Step 2b: Identify fit-for-purpose data
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Q2. Is the outcome of interest measured with sufficient 

quality?

Q4. Are key confounders recorded?

Insurance claims data

Yes (comorbid conditions, other 

antidiabetic treatments, 

demographics) 

Incorporating additional sources

Linkage to 

EHRs

Derive additional 

information on 

unmeasured 

confounders

Additional information on confounders useful 

for informed robustness analyses

Fit for purpose

Q1. Can the eligibility criteria be emulated with sufficient 

accuracy?

Q3. Is the treatment measured with sufficient quality?

Data relevance assessment Data reliability assessment 

Reliable data source(s)Relevant data source(s)

Accuracy
Raw data converted to Sentinel CDM, 

validity of the recorded data assessed 

upon conversion  

Completeness
Raw data converted to Sentinel CDM, 

completeness of the recorded data 

assessed upon conversion  

Provenance
Origins of the recorded information in the 

source data, which include insurance 

claims and EHRs, are recorded

Traceability
Relationships between the analytic 

datasets and source data clearly 

identified

Initial feasibility assessment of number of patients potentially available for the study

(24,961 users of SGLT2i or DPP4i in Medicare claims linked to MGB EHRs)

Yes (T2DM- PPV of 96% in a 

previous validation study)1 

Yes (genital infections- PPV of 

90% in a previous validation 

study)2 

Yes (SGLT2i and DPP4i from 

part D claims) No (diabetes control  i.e 

HbA1c results, major risk 

factor for infections)3 

1. Solberg et al. Am J Med Qual 2006
2. Smith et al. Multiple Sclerosis and Related Disorders 2022
3. Mor et al. AJE 2017
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Step 3: Expected precision and diagnostics
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Assemble study population
Implement eligibility criteria

Assign eligible individuals to treatment groups

3a. Assess expected precision

• Outcome counts in the overall study population 

without stratifying by treatment = 40 (2.7%)

• Estimated 95% confidence interval under an 

assumed null treatment effect based on the 

outcome counts and sizes of two treatment 

groups = (0.35-1.65)

Desired precision not 

achievable

Go back to Step 2, consider design 

modifications (e.g. relaxing eligibility 

criteria)

Step 3: Expected precision and diagnostics (case-example)
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Assemble study population
Implement eligibility criteria

Assign eligible individuals to treatment groups

3a. Assess expected precision

• Outcome counts in the overall study population 

without stratifying by treatment = 293 (3.1%)

• Estimated 95% confidence interval under an 

assumed null treatment effect based on the 

outcome counts and sizes of two treatment 

groups = (0.73-1.27)

Desired precision 

achievable

Proceed to Step 4

Step 3: Expected precision and diagnostics (case-example)
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Step 4: Robustness evaluations
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Robustness evaluations

4a. Deterministic 

sensitivity analyses

More specific outcome 

definition

Varying follow-up 

scheme to ITT

4b. Probabilistic sensitivity 

analysis

For unmeasured confounding

HbA1c is the unmeasured 

confounder in the main 

analysis, use the EHR-linked 

cohort to inform assumptions 

about distribution of HbA1c in 

treatment and reference 

groups  

4c. Net bias assessment

Control/tracer analysis

Control analysis

Hospitalization for HF as 

positive control 

Step 4: Robustness evaluations (case-example)
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Step 5: Inferential analysis
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Step 5: Inferential analysis (case-example)
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Step 5: Inferential analysis (case-example)
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Summary

• We introduced a stepwise process that systematically considers key 
decision nodes for evaluating causal effects of treatments using healthcare 
data

• The process outlined in this framework can facilitate transparent 
communications between various stakeholders and motivate critical 
considerations for the clinical research community
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Thank You

Contact: rdesai@bwh.Harvard.edu 
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