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Overview

• What are hybrid study designs? 

• Motivating example

• Hybrid study design features and analytic methods

• Implications for future research
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Traditional hierarchy of evidence
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Phase III clinical trials are the gold 
standard for determining the 
efficacy of interventions

• Designed to reduce threats to   
internal validity through:
• Restriction (inclusion/exclusion)
• Randomization
• Masking
• Intensive treatment monitoring 

and follow-up



But what about external validity/generalizability? 

“The degree to which the results of an 
observation hold true in other settings.”
Fletcher and Fletcher, Clinical Epidemiology: The Essentials, 4th

Edition
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One of the primary motivators of comparative effectiveness research

- Understand the benefits and harms of alternative interventions in routine 
clinical practice settings. 



Why would the effects of interventions differ between 
clinical trial and routine care settings?
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Treatment effect 
heterogeneity and differences 

in study populations

Delivery of different 
“versions” of treatment

Measurement of different 
outcomes



“Balancing” internal and external validity in CER
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Internal validity External validity

Confounding (-)

Misclassification (-)

Selection bias (-)

Diverse patients (+)

Real-world monitoring 
and adherence (+)

Clinical endpoints of 
interest (not surrogates, +)
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Relevance to routine clinical practice (external validity)
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clinical trial

Explanatory clinical 

trial

Population-based 

non-experimental 
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*Illustration demonstrates relative trade-offs among different approaches, but distance between each approach does not have quantitative meaning. 

Hybrid study 

design



Hybrid study design: blending of trial and observational data
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Phase III Trial
Treatment

Covariates

Outcomes

Routine Care Cohort 

/ Target Population
Treatment

Covariates

Weighted Trial 

Population
reflect routine care patient 

characteristics and 

treatment delivery

Treatment efficacy 

relevant to the trial 

population

Treatment effectiveness 

relevant to routine care 

setting



Motivating example

Comparative effectiveness of two adjuvant chemotherapy regimens for 
treating stage II and III colon cancer
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versusFOLFOX 5-FU



Treatment for stage II and III colon cancer 
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Surgical resection
Adjuvant 

chemotherapy

1980–2004: 5-fluorouracil (5-FU) was 
the mainstay for stage III disease*
• 16% absolute reduction in mortality 

compared with surgery alone
Moertel, NEJM (1990)



Adjuvant Oxaliplatin for Stage II/III Colon Cancer
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Andre, NEJM (2004,2009)

FDA Approval: 
November, 2004

In the early 2000’s, Multicenter International Study of 
Oxaliplatin/5-Fluorouracil/Leucovorin in the Adjuvant 
Treatment of Colon Cancer (MOSAIC) trial

– Stage II and III colon cancer patients

– Adjuvant oxaliplatin + 5-FU (FOLFOX) vs. 5-FU

– Progression-free and overall survival

Major eligibility criteria: 18-75 years, good performance status, 
adequate laboratory measures of kidney and liver function

RD=4%; HR=0.80

RD=0%; HR=1.0



Treatment effect heterogeneity in MOSAIC, Overall survival
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Andre, JCO (2015)



Adverse events in MOSAIC, Grade 3-4 events
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Therapy 
completion

FOLFOX: 75%

5-FU: 87%

Andre, JCO (2004)



What is the comparative effectiveness of FOLFOX 
versus 5FU in clinical practice settings? 

• Several studies have evaluated the comparative effectiveness of 
FOLFOX versus 5FU using observational data (e.g., claims data)

• Often limited by threats of unmeasured confounding (e.g. staging 
information, performance status), limiting internal validity

• Captured in disparate populations due to data availability (e.g., 65+ 
year olds, NY State Medicaid), limiting external validity
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Develop tools for implementing hybrid study designs for CER

1: Design a process to evaluate and select target populations of interest 
for CER. 

2: Generate guidance for characterizing differences in therapy adherence 
between trial and target populations. 

3: Develop a flexible analytic approach to estimate the comparative 
effectiveness and safety of therapies for target populations of interest. 
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MOSAIC Phase III Trial

Trial sponsor: Sanofi

Third party data manager:

Data access: Remote server 
administered by SAS (Clinical Trial 
Data Transparency platform)
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US Oncology EHR: iKnowMed

US Oncology: Network of 
community oncology practices

Data system: Oncology-specific, 
integrated, web-based EHR system, 
iKnowMed®

Data capture: Standardized fields 
for treatment (planned/received, 
dose reductions), performance 
status, tumor information, etc.  

Data sources



1. Evaluate target populations of interest for CER
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Trial 
population

US population 
diagnosed with stage 
II or III colon cancer

1. Patients who would have 
met trial eligibility criteria

2. All treated patients

3. Patients treated with an approved indication



Hypothetical visualization plots
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Probability of trial enrollment/representation

Target 
population #2

Trial 
population

Propensity score diagnostics 
and techniques can be used 
to identify target populations 
of interest in hybrid study 
designs: e.g., 

• Areas of non-overlap 
(non-positivity)

• Standardized mean 
differences

• Weights to account for 
differences in 
populations*

Target 
population #1

Trial 
population



2. Characterize treatment adherence in trial and target 
populations
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Clinical trials are generally designed to optimize 
treatment adherence

• Inclusion/exclusion criteria (e.g., run-in 
periods)

• Close monitoring via regular study visits 

Treatment adherence in clinical practice is likely 
to differ, often with lower expected adherence
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Hypothetical visualization plots

Group 2: 10%

Group 1: 70%

Group 3: 20%

Group 1: 40%

Group 2: 30%

Group 3: 20%

Group 4: 10%



3. Estimate the comparative effectiveness of specific 
treatment contrasts in target populations of interest
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When estimating treatment effects in trials, the focus is generally on 
estimating intention-to-treat effects in the trial population

What if we want to know the effect of a specific treatment protocol (e.g., 6 
out of 12 FOLFOX cycles) in a different target population? 

• Re-weight the trial population to reflect the characteristics of the target

• Model the effects of the specific treatment protocol in the weighted trial 
population



Re-weight the trial population to reflect the target

• Similar to a propensity score, model the probability trial enrollment,

, as a function of covariates, z, 

that are potential effect measure modifiers. 

• Create weights, as follows:
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𝑙𝑛
𝑃𝑟 𝑡𝑟𝑖𝑎𝑙=1 | 𝑧

𝑃𝑟 𝑡𝑟𝑖𝑎𝑙=0 | 𝑧
= 𝛽0 + 𝛽1𝑧1 +⋯ + 𝛽𝑘𝑧𝑘

𝑊𝑖 =
ቐ

𝑃𝑟 𝑡𝑟𝑖𝑎𝑙𝑖=0 𝑍𝑖)

𝑃𝑟 𝑡𝑟𝑖𝑎𝑙𝑖=1 𝑍𝑖)

0,

×
𝑝 𝑡𝑟𝑖𝑎𝑙=1

𝑝 𝑡𝑟𝑖𝑎𝑙=0
, 𝑡𝑟𝑖𝑎𝑙=1

𝑡𝑟𝑖𝑎𝑙=0



Model the effects of specific treatment protocols

• Restructure data into person-cycle observations (12 per trial participant)

• Use the parametric g-formula to model outcome risk
• Based on a set of pooled logistic regression models (by treatment arm) to 

predict time-varying confounders and outcomes

• Weighted Monte Carlo sampling and outcome estimation
• Repeat process for treatment protocols of interest

24

Time-varying confounder (e.g., grade 3-4 adverse event):

𝑙𝑛
𝑝 𝐺𝑟𝑎𝑑𝑒34𝑘)=1 ത𝑍𝑖𝑘−1 ,𝑑𝑒𝑎𝑡ℎ𝑘−1= 𝑐𝑒𝑛𝑠𝑜𝑟𝑒𝑑𝑘−1= 0)

𝑝 𝐺𝑟𝑎𝑑𝑒34𝑘)=0 ത𝑍𝑖𝑘−1, 𝑑𝑒𝑎𝑡ℎ𝑘−1= 𝑐𝑒𝑛𝑠𝑜𝑟𝑒𝑑𝑘−1= 0)
= 𝛽0 + 𝛽𝑣𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝑖=0 + 𝛽ഥ𝑤𝑇𝑟𝑡𝑘−1 + 𝛽 ҧ𝑥𝐺𝑟𝑎𝑑𝑒34𝑘−1 + 𝛽ത𝑦𝐸𝐶𝑂𝐺𝑘−1

Time-varying outcome (e.g., all-cause mortality):

𝑙𝑛
𝑝 𝐷𝑒𝑎𝑡ℎ𝑘)=1 ത𝑍𝑖𝑘−1 ,𝑑𝑒𝑎𝑡ℎ𝑘−1= 𝑐𝑒𝑛𝑠𝑜𝑟𝑒𝑑𝑘−1= 0)

𝑝 𝐷𝑒𝑎𝑡ℎ𝑘)=0 ത𝑍𝑖𝑘−1, 𝑑𝑒𝑎𝑡ℎ𝑘−1= 𝑐𝑒𝑛𝑠𝑜𝑟𝑒𝑑𝑘−1= 0)
= 𝛽0 + 𝛽𝑣𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝑖=0 + 𝛽ഥ𝑤𝑇𝑟𝑡𝑘−1 + 𝛽 ҧ𝑥𝐺𝑟𝑎𝑑𝑒34𝑘−1 + 𝛽ത𝑦𝐸𝐶𝑂𝐺𝑘−1



Flexible analytic approach for CER
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MOSAIC 

trial data

Trial ITT effect

Weighted 

trial data
(1) Weighted ITT effect

Weighted 

trial data
Parametric 

G-formula

(2) Weighted per protocol (full adherence) effect

(3) Weighted treatment duration protocol effect

Treatment effect of interest

** Can be repeated for alternative target populations



Data visualization

• Target and trial patient composition
• Temporal changes evaluation
• Therapy adherence comparisons

Quantitative metrics

• Propensity-score based measures of 
trial and target similarity

• Weighted adherence comparisons

Key output for PCOR/CER:
(1) Inform selection of relevant target populations
(2) Inform selection of relevant treatment effect contrasts
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Key output for PCOR/CER:
(1) Guide analysis of hybrid study using weighted parametric g-formula

Analytic methods

• Variable selection and specification for sampling model
• Weighted Monte Carlo methods to incorporate sampling weights
• Worked example of the weighted parametric g-formula implementation
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Implications for future research

• Proliferation of real world data sources (e.g., EHRs) and increasing access 
to clinical trial data make hybrid designs increasingly feasible

• Application of these methods to the CER context is limited 

• Guidance on the selection of relevant and appropriate target populations 
and treatment contrasts of interest

• Informative to a variety of stakeholders: regulators, payers, clinicians and 
patients – who want to know about the population-level benefits and 
harms of therapies in clinical practice
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Questions? 

Contact information: 

Jennifer L. Lund, PhD
Department of Epidemiology, UNC

Email: Jennifer.Lund@unc.edu
Phone: 919-966-7440
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Potential reasons why effects might differ between trial and 
routine care populations 
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