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In next 5 years …



Trends, 
Challenges 

and 
Opportunities

• Technology revolution

• Alternative data sources and volume of 
the data

• Need for automation

• Beyond pills – digital health and 
connected care

• Slow adoptions with bottom up 
innovation vs fast pace environment

• Data access and data quality

• Talent recruiting and development



Potential Data 
Analytics Pitfalls

• Causality vs association

• Bias and confounding

• Missing data and missing 
mechanism

• Overfitting

• Multiplicity

• Convergence

• Efficiency – Design and 
Analytics

• Variance and bias trade off 

• …
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Different Data 
Types
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Output (outcomes)

Continuous

Binary

Time to 
event/recurrent 
events

Longitudinal data

…

Input (covariates)

Continuous

Categorical

Networks

Trees

Unstructured



A Journey at 
Eli Lilly and 
Company

Global Statistics

Advanced Analytics

Enterprise AADS – Advanced 
Analytics and Data Sciences



Digital Health
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Contextual Information (Input)

Action  (Deep 
Learning/AI/Statistical Analytics)

Outcome 



Digital Health Analytics

•Digital Technology: Enables collection of  detailed 
individual information

•Deep learning: Enables generation of actionable 
insights

•Analytics: Work hand-in-hand with technology to 
identify “replicable” actions to optimize patient 
outcomes.
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Example in Diabetes: What treatment assignment regimen
would lead to the best outcome on average?
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Data Machine Learning 
Model Recommendation



Individualized Treatment Recommendation (ITR1,2)

ITR1,2 is a value function machine-learning algorithm that utilizes RCT and 
RWD to determine optimal treatment selection at the patient level to 
optimize an outcome 

ID  HbA1c Treatment Age
Baseline 
HbA1c

Sex …

1 –1.5 1 34 8.3 F 

2 –1.2 2 25 9.2 F 

3 –2.3 3 29 9.1 M 

4 –0.9 2 55 7.8 F 

5 –1.4 3 47 8.7 M 

⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞

Outcome Action Covariates
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RCT, randomized controlled trials; RWD, real-world data

1. Fu, Haoda, Jin Zhou, and Douglas E. Faries. "Estimating optimal treatment regimes via subgroup identification in randomized control trials and observational studies." Statistics in medicine 35.19 (2016): 3285-3302.

2. Wang, Yuanjia, Haoda Fu, and Donglin Zeng. "Learning Optimal Personalized Treatment Rules in Consideration of Benefit and Risk: with an Application to Treating Type 2 Diabetes Patients with Insulin Therapies." 
Journal of the American Statistical Association 113.521 (2018): 1-13.



Single Optimization Framework
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HbA1c reduction before and after ITR
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AI – Machine Learning – DL & RL
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Artificial Intelligence
Machine Learning

Deep Learning

Reinforcement
Learning



What’s new: using multiple data sources
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Medical Image Diagnostic - Diabetes
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Medical Image Diagnostic - Oncology
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Predict CV risk
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Summary
• New technology is here and 

exploding

• Data explosion in health care is a 
dream come true for Statisticians (of 
course dream also means there will 
be nightmares!!!)

• Statisticians have a phenomenal 
opportunity to collaborate and lead 
the science forward
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